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Abstract
Background. Implants called miniplates, with different geometries, are used for the treatment of a frac-
tured or diseased mandible. Generally, Ti-based miniplates in various quantities and with various geo
metries are fixed into the bone tissue according to the location and shape of the fracture by embedding.

Objectives. The aim of  this study was to increase the strength of  the material used in the production 
of miniplates by means of the equal-channel angular pressing (ECAP) treatment, and to provide a high-
rigidity fixation system with fewer miniplates. 

Material and methods. In this study, the ECAP method, which is one of the methods of severe plas-
tic deformation, was applied at 4 passes at 300°C in route Bc to increase the strength of pure Ti. Then, 
miniplates were produced with 2 different geometries (regular and long) and 2 different properties of the 
Ti material (untreated and ECAP-treated). The produced miniplates were placed in the fracture line formed 
in the angular region of an artificial, synthetic-bone mandible. The 2-point and 3-point bending and torsion 
tests were conducted on these fixation systems.

Results. As a result, after the ECAP process, the yield and tensile strength of pure Ti increased by 65%, 
while elongation decreased by 13%. After the ECAP process, the grain size of the material was reduced 
from 110 µm to 200 nm.

Conclusions. This study showed that the fixation system became more rigid due to using ECAP-treated mini-
plates, and this ensured lesser displacement of the fixation system.

Key words: equal-channel angular pressing, bending, torsion, mandible fracture, miniplate
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Introduction
Today, biomaterials are frequently used in healing the 

fractures of  the mandible caused by diseases, accidents 
and war. Diseases and fractures in the mandible are found 
in the condyle, body, angle, symphysis, alveolar bone, 
and coronoid regions. Metal implants called miniplates, 
with different geometries, are used for treatment. In the 
angular region, which is one of the most frequently frac­
tured regions in the mandible, fixations are applied using 
different geometries and various numbers of  miniplates 
and screws according to the fracture type and size. It is 
also considered to be more advantageous to use a single 
miniplate in the fixation system. In the literature, the 
advantage of using a single miniplate has been noted by 
researchers as minimal dissection and a reduction in the 
volume of the implanted material.1–4

The most important issue in the case of  miniplates, 
which are usually made of  Ti and its alloys, is the rigi­
dity of the fixation formed.5–10 Esen et al. studied differ­
ent types of  plates and fixation systems under different 
loads by mounting miniplates on angle fractures in sheep 
mandibles.11 As a result, the Ti plate/screw system proved 
to be the most reliable system for fixation in mandible 
angle fractures. In that study, it was also stated that if 
the rigidity of the fixation system is excessive, more load 
should be applied to break the fracture areas of the man­
dible.11 The mechanical fixation system formed by plates 
on a mandible bone fracture has been investigated in the 
literature, mostly in terms of the plate geometry and the 
bone fixation method. In a majority of studies, miniplates 
are placed on a sheep mandible or an artificial mandible, 
and then compared with regard to the displacement va­
lues under a certain load. The main aim of such studies is 
to determine which type of plate is more durable in terms 
of  both geometry and mandible placement.5,12–15 When 
displacement is low, the broken parts of  the mandible 
are hardly separated from each other, and therefore the 
fixation system exhibits more rigid behavior. For example, 
when the number of screws or miniplates is increased, the 
fixation becomes more rigid.16

Due to the fact that miniplates are often mounted by 
embedding them into the bone tissue, an important con­
sideration is the number of miniplates. When the num­
ber of miniplates is increased, the surgical area expands, 
and the duration of the treatment is also prolonged. For 
this reason, it is important to establish the most rigid 
fixation system with minimum miniplate usage. This can 
be achieved by making the fixation with a more durable 
material or by increasing the strength of  the material 
used. Miniplates are generally manufactured from com­
mercially pure (CP) Ti grade 2 or grade 4. These mate­
rials are suitable in terms of biocompatibility, but they are 
ineligible in terms of strength. In order to overcome this 
deficiency, the equal-channel angular pressing (ECAP) 
mechanical process is preferred.

Severe plastic deformation (SPD) techniques are used 
to increase the strength of  different types of  materials. 
A commonly used SPD method is ECAP.17 This method 
is based on the principles of increasing grain density and 
dislocation density in massive forms. It was first proposed 
by Segel et al. in 1977.acc.18 The ECAP method begins with 
passing the material through 2 channels of  an  identical 
cross-section. During this transition, plastic deformation 
occurs in the inner structure of the material due to a sim­
ple sliding mechanism; then, the grain size decreases.19,20 
One of the characteristics that stands out in this method 
is that the material becomes ultrafine-grained (UFG), 
which increases its strength and does not cause severe 
decreases in its ductility.17,19,21 Valiev et al. proved the cell 
compatibility of pure UFG Ti and its usage as an implant 
material.22,23 There are also studies indicating that the 
biocompatibility properties of the material may improve 
after the ECAP treatment.24,25

The manufacturing of  UFG-structured Ti miniplates 
and the fixations made from these structures have not 
been biomechanically evaluated by researchers. The use 
of  the ECAP method in miniplate-like implant applica­
tions will contribute to similar work being done. For this 
reason, the main purpose of this study was to examine the 
biomechanical performance of UFG-structured Ti mini­
plate fixations under static conditions. The aim of  this 
study was to create a  more rigid fixation system by in­
creasing the strength of the material used in the produc­
tion of miniplates by means of the ECAP treatment. At the 
same time, providing high rigidity with the use of  fewer 
miniplates is the other main purpose of this study. To this 
end, first, the strength of pure Ti was increased using the 
ECAP method, and then miniplates with 2 different geo­
metries were produced. The structural and mechanical 
analyses of the coarse-grained (CG) and UFG structures 
were performed. To achieve this, the 2-point and 3-point 
bending and torsion tests were conducted on the fixative 
models which were formed on the mandible. The parti­
cle size and surface topography were investigated using 
scanning electron microscopy (SEM), the focused ion 
beam (FIB) technique, transmission electron microscopy 
(TEM), and optical microscopy (OM).

Material and methods
The material selected for this study was CP Ti grade 2 

with a  composition of  wt%, 0.030% N, 0.100%  C, 
0.015%  H, 0.300% Fe, and 0.250% O. The material was 
received in a  hot-rolled and annealed condition, with 
the initial average grain size of  ~110  µm. The ECAP 
billets of  a  length of  130  mm and a  cross section 
of 30 mm × 30 mm were cut using wire electrical dis­
charge machining (wire-EDM).

The billets were processed with 4 passes of  ECAP 
at 300°C, using a die angle of 90° with a sharp corner, 
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at the rate of 1 mm/s. Route Bc was selected as the ECAP 
processing route. Route Bc consists in the alternating 
rotation of  the billets by 90° counterclockwise for each 
successive pass. During this process, the ECAP billets were 
coated with a graphite-based lubricant before each step.

Samples for the tensile tests were machined with a wire-
EDM cut from a billet, where their tensile axis was ori­
ented parallel to the extrusion direction. The tensile test 
sample geometry is shown in Fig. 1. The tensile tests of the 
untreated and ECAP-treated samples were performed at 
a strain rate of 5 × 10−4/s,13 each on 3 samples. The ten­
sile tests were conducted using the Instron 8872 universal 
testing machine (Instron, Norwood, USA) with an optical 
extensometer, at room temperature.

Transmission electron microscopy and OM were used 
to investigate the microstructures of  the ECAP-treated 
and untreated samples. The sample for OM was pre­
pared using standard polishing techniques, and then 
etched with Kroll’s reagent (3  mL HF + 6  mL  HNO3 
in 100  mL of  distilled water).19 The TEM sample was 
produced using FIB (Nova NanoLab 600i; Thermo 
Fisher Scientific, Waltham USA) with the dimensions 
10 µm × 3 µm × 1 µm. The TEM (IEF30; Shinei Tecno 
Co., Ltd., Tokyo, Japan) observations were conducted at 
a nominal voltage of 300 kV.

In this study, 2 geometries of miniplate implants (TST 
Medical Devices, Istanbul, Turkey) were investigated. 
The miniplate implants were manufactured from the un­
treated and ECAP-treated materials. The dimensions and 
orientation of the miniplate implants are shown in Fig. 2.

Sixty synthetic polyurethane hemimandible replicas 
(model No. 8596; Synbone AG, Malans, Switzerland), 
having medullar and cortical portions, were used as 
4 groups (n = 15). To simulate a hemimandible fracture, 
an acrylic-resin template was used in the mandibular an­
gle region.

The fixation groups used in the study are presented in 
Table 1.

The hemimandibles were fixed with 4 different mini­
plates, which were then stabilized with a  support appa­
ratus. The 2-point and 3-point bending and torsion tests 
were performed within the scope of this study to simulate 
the forces which the muscles transmit to the bone during 
chewing or the movement of the mandible.26

The AG-IS universal testing machine (Shimadzu, Kyoto, 
Japan) was used for the 2-point and 3-point bending tests 
(Fig. 3). A vertical compression force was applied at a rate 
of  2  mm/min.27 The tests were recorded with a  camera 
recording system (5 images per second).

The torsion tests were performed using the NDW-200 
machine (Jinan Liangong Testing Technology Co., Ltd., 
Jinan, China). The torsional force was applied to the ro­
tating side at a rate of 5°/min (Fig. 4).28 The torsion test 
continued until the rotation angle reached 30°.

Fig. 3. Hemimandible models fixed to the supporting base for the 3-point 
(A) and 2-point (B) tests

Table 1. Fixation groups

Group Miniplate used in the fixation system

Group 1 regular miniplate produced from the untreated CP Ti

Group 2 regular miniplate produced from the ECAP-treated CP Ti

Group 3 long miniplate produced from the untreated CP Ti

Group 4 long miniplate produced from the ECAP-treated CP Ti

CP – commercially pure; ECAP – equal-channel angular pressing.

Fig. 1. Schematic representation of the extruded billets and the orientation 
of the tensile test samples (A), and the tensile test sample dimensions 
[mm] (B) 

Fig. 2. Dimensions [mm] of the miniplates – regular (A) and long (B) – and 
their orientation (C)
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Results
Figure 5A shows an optical micrograph of the untreated 

CP Ti grade 2. The grain size distribution was not homo­
geneous and the average grain size was determined as 
110 µm. A TEM micrograph of  the ECAP-treated billet 
is shown in Fig. 5B. The preparation of the TEM sample 
using FIB is shown in Fig. 5C and 5D. The grain size of the 
ECAP-treated CP Ti grade 2 was ~200 nm.

The engineering stress–strain curves and the tested 
samples of  CG and UFG Ti are shown in Fig.  6. These 
curves indicate that, while ECAP processing increased the 
strength, it also caused a reduction in the overall elonga­
tion. The yield strength of  CP Ti grade 2, which corre­
sponds to 0.02% plastic deformation, considerably im­
proved after 4 passes of ECAP. The yield stress increased 
from ~310 MPa to ~650 MPa after the ECAP process. On 
the other hand, the tensile stress increased from ~535 
MPa to ~795 MPa. After the ECAP process, the failure 
strain of the CP Ti grade 2 decreased from 32% to 19%.

A ductile fracture was observed after the tensile test 
of  the untreated and ECAP-treated samples. Also, SEM 
images of the fractured surfaces were investigated. They 
are presented in Fig. 7.

The force–displacement curves of  the 2-point and 
3-point bending tests after the application of a compres­
sive load on the hemimandible models with different plate 
systems are shown in Fig. 8 and Fig. 10, respectively.

Figure 8 presents the strength in the 2-point bending 
tests. When this graph is examined, the regular and long 
miniplates produced from the untreated CP Ti show lower 
strength than the regular and long miniplates produced 
from the ECAP-treated CP Ti. The fixation model with the 
long miniplates produced from the untreated CP Ti mate­
rial displaced 10 mm under a load of ~50 N. Under the same 
load, the long miniplate fixation system produced from the 
ECAP-treated CP Ti moved 4 mm. In addition, the fixa­
tions established with the long miniplates produced from 
the ECAP-treated material endured to 125 N. It can be seen 
that the fixation system established with the regular mini­
plates produced from the untreated CP Ti material dis­
placed 10 mm under a load of 85 N. This value was 7 mm 
in the fixation system with the regular miniplates produced 
from ECAP-treated CP Ti. Also, the fixation systems which 
had the regular miniplates produced from the ECAP-treated 
material exhibited a strength of up to ~139 N. The images 
taken during the tests are presented as Fig. 9.

Fig. 6. Engineering stress–strain curves of the untreated and ECAP-treated 
CP Ti grade 2

Fig. 4. Arrangement for the torsion test

Fig. 7. Scanning electron microscopy (SEM) images of the untreated (A) 
and ECAP-treated (B) CP Ti grade 2

Fig. 5. Optical micrograph of the untreated CP Ti grade 2 (A), the 
transmission electron microscopy (TEM) micrograph of the ECAP-treated 
CP Ti grade 2 (B) and the TEM sample (C,D)
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Figure 10 shows the 3-point bending test results of  the 
miniplates produced from the untreated and ECAP-treated 
materials. From this graph, it can be seen that the ECAP-
treated miniplates are more durable than the miniplates pro­
duced from the untreated material, as in the 2-point bending 
test. The fixation system established with the long miniplates 
produced from the untreated material displaced 10 mm un­
der a load of ~330 N. The fixation system established with 
the long miniplates produced from the ECAP-treated ma­
terial displaced 5  mm under the same  load. In  addition, 

the fixation system with the long miniplates produced from 
the ECAP-treated material endured to 590  N. When the 
fixation systems established with regular miniplates were 
examined, those with the regular miniplates produced from 
the untreated material displaced 7 mm at ~395 N. This value 
was ~4.5 mm for the fixation system with the regular mini­
plates produced from the ECAP-treated material. Also, the 
fixation system established with the regular miniplates pro­
duced from the ECAP-treated material endured to ~515 N. 
The images taken during the tests are given in Fig. 11.

Fig. 9. Fixation systems after and before the 2-point bending tests

A – untreated-regular; B – ECAP-treated-regular; C – untreated-long;  
D – ECAP-treated-long.

Fig. 8. Force–displacement curves of the 2-point bending tests

Fig. 10. Force–displacement curves of the 3-point bending tests

Fig. 11. Fixation systems after and before the 3-point bending tests

A – untreated-regular; B – ECAP-treated-regular; C – untreated-long;  
D – ECAP-treated-long.
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Figure 12 shows the loads corresponding to a 6-milli­
meter displacement during the 2-point and 3-point bend­
ing tests. According to these results, the ECAP-treated 
miniplates carried more load for both geometries. These 
results were especially related to a decrease in the grain 
size and an increase in the strength of the structure after 
the ECAP process. Also, the fixations established with 
regular miniplates were more durable within the same 
displacements than those with long miniplates. This be­
havior could be explained by greater movements on the 
long miniplate due to the area of the longer bar.

As explained above, using 2 miniplates increased the 
rigidity approx. two-fold. In this study, the stability was 
increased up to 400% in the 2-point bending test and 60% 
in the 3-point bending test after the ECAP process. For 
this reason, using the ECAP-treated miniplates ensures 
that higher rigidity can be achieved with fewer plates. 
Thus, for a surgical operation, it is possible to reduce the 
area of incision and shorten the healing time due to fewer 
screw holes in the mandible.

Figure 13 shows the torsion test results for different 
fixation models. The fixation systems established with 
the untreated long miniplates experienced 30° rotational 
deformations under the 0.22 N.m torque, while the fixa­
tion systems established with the ECAP-treated long 

miniplates exhibited 3° deformations under the same 
torque value. In addition, the fixation systems with the 
ECAP-treated long miniplates endured to ~0.545  N.m. 
When the fixation systems established with regular mini­
plates were examined, the untreated regular miniplates 
showed ~30° contortion at ~0.435 N.m. This value was 
~6° for the ECAP-treated regular miniplates. Moreover, 
the fixation systems established with the ECAP-treated 
regular miniplates endured to 0.8 N.m (Fig.  14). These 
results indicate that the miniplates produced from the 
ECAP-treated material are more durable in the torsion 
test than the untreated miniplates, and thus more rigid.

Discussion
The micrographs of the samples showed that 4 passes 

of  the ECAP treatment led to a  significant refinement 
in the microstructure of CP Ti grade 2 and transformed 
the untreated structure to the UFG structure. The grain 
size is influenced by the process temperature, deforma­
tion rate and die channel angle after the ECAP process. In 
the literature, it has been determined that the grain size 
after the ECAP treatment is in the range of 100–250 nm. 
Meredith and Khan obtained similar results after a 4-pass 
ECAP process on the Ti material.29

In the process of SPD, grain refinement begins with the 
transmutation of wide-angled grain boundaries into sub-
grains through the sliding mechanism. In addition, due 
to SPD, grains are broken to smaller ones. As seen in the 
TEM picture, no elongation occurred in the grains. Also, 
in CP Ti after 4 passes, the ECAP-treated grains are more 
homogeneously distributed as compared to the internal 
structure of the untreated grains. The reason of the ho­
mogeneous dispersion of the grains is that a 4-pass ECAP 
process is a complete turn of the deformation cycle.

The reasons for the improvement of  the mechanical 
properties are excessive grain refining and increasing 
dislocations. Titanium, which has wide-angled ultrafine 
grains, blocks dislocation movements, and this increases 
strength. After stress reaches the maximum level, the 
untreated pure Ti exhibits a large strain neck area. Also, 
the heterogeneous deformation area is larger than the Fig. 13. Torque–rotation curves for the 4 fixation models

Fig. 12. Loads corresponding to a 6-millimeter displacement during the 
2-point and 3-point bending tests

Fig. 14. Miniplates after the torsion tests

A – untreated-regular; B – ECAP-treated-regular; C – untreated-long;  
D – ECAP-treated-long.
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homogeneous area. After the ECAP treatment, while the 
yield and tensile strength of pure Ti increase, the homoge­
neous deformation area is reduced, but the heterogeneous 
deformation area is still in the range of  processibility. 
Hence, the deformability of the material is helpful for the 
surgeon during an operation.30

Coaxial grooves and traces of plastic deformations are 
highly visible at the fracture sections. The examination 
of the grain size after the ECAP process showed that the 
coaxial cavity dimensions in the fracture images of these 
samples were smaller than in the untreated Ti.

Experimental studies with the 2-point bending tests 
have been carried out to achieve lesser displacement 
of  the fracture region under load for different miniplate 
geometries and mounting positions.5,13 The fixations 
established with a  double miniplate at the 5  mm dis­
placement showed 140% higher load than the fixations 
established with a single miniplate.13 According to the re­
sults of  this study, the fixation with the miniplate made 
from the ECAP-treated material at a displacement value 
of 5 mm endured 300% more than the fixation with the 
untreated miniplate.13

The studies which used the 3-point bending tests were 
conducted to obtain a  more rigid fixation by changing 
the miniplate geometry, position and number. Ribeiro-
Junior  et  al. used sagittal miniplates with different geo­
metries and found that a sagittal-locked miniplate exhibited 
a more stable fixation than 4-hole and 6-hole locked and 
unlocked normal miniplates.31 In another study, Ribeiro-
Junior  et  al. used locked and unlocked miniplates with 
4 and 8 holes for fixations in the angular region.32 The 
3-point bending tests were applied to the fixation sys­
tems. As a result of the study, they found that the locked 
fixation system with 8 holes was more rigid than the others.32 
Nieblerová et al. used miniplates having the same geo­
metry in single and double miniplate applications at 
2 different positions; then, the 3-point bending tests were 
performed on the samples.33 The authors reported that 
they achieved a more stable fixation when using a double 
miniplate. When these results were examined, it was seen 
that there was 55% less displacement in the fixation es­
tablished using a double-bar miniplate under the 100 N 
load.33 In our study, the fixation with the ECAP-treated 
miniplate was found to be 40% more rigid than the fixa­
tion which used the untreated miniplate.

The number of studies on the examination of the tor­
sional force on the mandible is limited. However, when 
considering the geometry of the mandibular bone and the 
muscle forces acting on it, the torsional load has a signifi­
cant role in curing mandibular fractures. When a load is 
applied on the opposite side of a fractured mandible, the 
torsional moment will occur. Feller et al. established dif­
ferent fixation systems, using microplates and miniplates, 
and then performed the torsion tests.28 As a result of the 
study, they found that using a miniplate and a microplate 
in the same fixation made it more rigid as compared to 

single-miniplate or single-microplate fixations.28 In ad­
dition, due to the torsional moments which occur in the 
mini-screw because of  torsion, screw loosening affects 
the patient’s healing time. According to Champy, due to 
the moments which occur in the anterior region of  the 
mandible, fixations should endure up to 1,000 N.m.acc.28 
When the results of  Feller et al. were examined, it was 
seen that the fixation established with a double miniplate 
was 4.25 times less displaced at 700 N.mm than the fixa­
tion established with a single miniplate.28 In our study, it 
was observed that the fixations established with the mini­
plate produced from the ECAP-processed material were 
displaced 4.8 times less as compared to the fixations es­
tablished with the untreated miniplate.

Conclusions
This study showed that fixation systems become more 

rigid when ECAP-treated miniplates are used, and this 
ensures lesser displacement of the fixation system. These 
results rely on the ECAP process, which causes the grain 
size to decrease and strength to increase. Due to these 
benefits, ECAP-treated miniplates exhibit more rigid be­
havior than their untreated equivalents. Along with this, 
ECAP-treated miniplates proved to be a suitable substitu­
tion for multiple miniplate fixations.
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Abstract
Background. There is very little literature available on the reliability of the rapid prototyping technology 
in the production of three-dimension (3D)-printed surgical guides for accurate implant placement.

Objectives. The aim of  the study was to evaluate the deviation of  implant placement performed with 
a surgical guide fabricated by means of the rapid prototyping technique (the PolyJet™ technology). 

Material and methods. Twenty sheep mandibles were used in the study. Pre-surgical cone-beam com-
puted tomography (CBCT) scans were acquired for the mandibles by using the Kodak 9000 3D cone-beam 
system. Two implants with dimensions of 4 mm in diameter and 10 mm in length were virtually planned 
on the 3D models of each mandible by using the Mimics software, v. 16.0. Twenty surgical guides were 
designed and printed using the PolyJet technology. A total of 40 implants were placed using the surgical 
guides, 1 on each side of  the mandible (2 implants per mandible). The post-surgical CBCT scans of  the 
mandibles were performed and superimposed on the pre-surgical CBCT scans. The amount of deviation 
between the virtually planned placement and the actual implant placement was measured, and a descrip-
tive analysis was done.

Results. The results showed that the mean deviation at the implant coronal position was 1.82 ±0.74 mm, 
the mean deviation at the implant apex was 1.54 ±0.88 mm, the mean depth deviation was 0.44 ±0.32 mm, 
and the mean angular deviation was 3.01 ±1.98°.

Conclusions. The deviation of  dental implant placement performed with a  3D-printed surgical guide 
(the PolyJet technology) is within the acceptable 2-millimeter limit reported in the literature.

Key words: dental implant, 3D-printing, cone-beam computed tomography, computer-aided design/
computer-aided manufacturing
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Introduction
Osseointegration is well-known and established as the 

key factor for success in implant dentistry,1–3 but nowa-
days, the success of dental implants should also be deter-
mined by functional and esthetic restorative objectives.4,5 
The use of  three-dimensionally (3D) guided implant 
placement is currently recommended to achieve these 
objectives and avoid surgical complications, such as unfa-
vorable anatomical structures.6,7

In the 21st century, digitalization plays a role in all as-
pects of life. It also refers to the field of dentistry. In im-
plantology particularly, precise implant placement has 
become more predictable with the development of tech-
nology and with the invention of  cone-beam computed 
tomography (CBCT) imaging in conjunction with the 3D 
reconstruction of  structures, the virtual planning of  the 
implant and surgical guides constructed using stereo-
lithography (SLA).8,9 

Compared with the conventional computed tomogra-
phy (CT), CBCT generates 6 times less radiation, enabling 
the acquisition of the 3D images of the soft and hard tis-
sues of  the patient with lower doses of  radiation.10–12 
A CBCT scan is able to show objects in 3D as precisely 
as a CT scan and can help replicate the tissues accurately 
enough to plan surgical procedures.13,14 

There are several software programs that permit virtual 
implant planning by using the 3D images of CBCT scans. 
A  virtually planned implant can later be transferred to 
the patient; however, the accurate transfer of a virtually 
planned implant to the patient is the main concern.8,15–17 

The positioning of  a  virtually planned implant in the 
patient’s mouth can be performed using a surgical guide, 
which can be either constructed on a  cast (the conven-
tional manual method) or created virtually by means 
of computer software and a milling process with the SLA 
technology.18 The PolyJet™ technology is an  additive 
manufacturing process in which inkjet technologies are 
used to create physical models. The head of  the inkjet 
moves along the X and Y axes, depositing the layers of the 
photopolymer, which are exposed to ultraviolet lamps for 
curing. The layer thickness produced in this process is  
16 µm, which is considered high-resolution production.19 

The aim of the present study was to evaluate deviations 
in implant placement performed using a  surgical guide 
produced by the rapid prototype technique (the  PolyJet 
technology).

Material and methods
A total of 20 sheep mandibles were collected from typi-

cal butcher shops and scanned using the Kodak 9000 3D 
cone-beam system (Carestream Health Inc., Rochester, 
USA). The setting of  the CBCT machine was standard-
ized at 70 kV, 120 mAs. The data was saved as DICOM 

files and sent to the Mimics software, v. 16 (Materialise 
NV, Leuven, Belgium). For each of the 20 scanned man-
dibles, 2 implants (Neobiotech Co., Ltd., Seoul, South 
Korea) – 4 mm in diameter and 10 mm in length – were 
virtually planned on the Mimics software 3D model of the 
mandible.

A total of 40 virtual implants were planned (Fig. 1). The 
data was transformed into STL files and sent to the Cen-
tre for Biomedical and Technology Integration (CBMTI) 
Sdn. Bhd, at the Institute of  Postgraduate Studies (IPS) 
of the University of Malaya in Kuala Lumpur, Malaysia, to 
design and print surgical guides for each mandible by us-
ing the PolyJet technology (Solid Concepts Inc., Valencia, 
USA).

A total of  20 surgical guides were designed to accept 
a series of 5 stainless steel drill guides (sleeves) to accom-
modate 1.9-, 2.2-, 2.9-, 3.4-, and 4-millimeter twist drills. 
Each mandible sample was fixed on a plastic plate by us-
ing the ProBase® cold-cure acrylic resin (Ivoclar Vivadent 
Inc., Schaan, Liechtenstein) for drilling and scanning. Two 
implants were placed on the right and left sides of each 
mandible (Fig. 2).

Fig. 2. 3D-printed surgical guide and the drilling guides fitted on a mandible

Fig. 1. Screenshot of virtual implant planning with the Mimics software
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Post-surgical CBCT scans were taken, adhering to the 
same position and settings of  the machine as those used 
to perform pre-surgical CBCT scans. The data was sent to 
the Mimics software. The pre- and post-surgical 3D models 
were superimposed (Fig. 3), and the implant deviations in 
the coronal, apex, depth, and angular positions were mea-
sured using the Mimics software. The data was collected and 
a descriptive statistical analysis was done using IBM SPSS 
Statistics for Windows, v. 24.0 (IBM Corp., Armonk, USA). 

Results
The implant deviation recorded at the coronal position 

ranged from 0.68  mm to 3.85  mm. The apex deviation 
ranged from 0.09 mm to 3.91 mm. The depth deviation 
ranged from 0.02 mm to 1.19 mm. The recorded angular 
deviation ranged from 0.38° to 6.72° (Table 1).

Discussion
The average linear and angular deviations found in 

this study were within the clinically accepted limit, and 
are comparable to the previously published results.20–23 
Accordingly, it can be suggested that the use of the rapid 
prototype technology to produce virtually planned and 
designed surgical guides following virtual implant place-
ment is a potentially promising technique that can assist 
surgeons in placing implants in more precise positions.

Unlike previous studies, which used cast models24,25 or 
cadaver jaws,26,27 this study used sheep mandibular bones 
to simulate in vivo the drilling of a natural bone. In addi-
tion, the sheep mandibular bone has an adequate height 
and a sufficient edentulous area between the anterior and 
posterior teeth.

For each mandible, the distance between the planned 
and the actually placed implant axis was measured at 
4 points – the linear distance between the central axis at 
the platform and the apex, the angular deviation and the 
depth deviation – with the use of the Mimics software.25,27 

The present study demonstrates the deviation of im-
plant placement performed using a  surgical guide 
(prototype) following 3D virtual planning. The results 
showed that the mean deviation at the implant platform 
was 1.82 ±0.74 mm, the mean deviation at the implant 
apex was 1.54 ±0.88 mm, the mean depth deviation was 
0.44  ±0.32  mm, and the mean angular deviation was 
3.01 ±1.98°.

In a  previous in vivo study, the distance between the 
virtually planned implants and the implants placed us-
ing an  SLA surgical guide was evaluated.28 The results 
showed a  mean deviation between the planned and the 
positioned implants of 1.45 ±1.42 mm at the implant plat-
form, 2.99 ±1.77 mm at the apex and an angular deviation 
of 7.25 ±2.67°.28 In comparison, our results showed smaller 
deviations between the planned and the positioned im-
plants, with smaller standard deviations (SDs).

It seems that the implant deviation is influenced by the 
surgeon’s experience. Our findings show slightly higher 
deviations than those presented by Noharet et al.27 This 
is because in their study, an experienced surgeon placed 
all dental implants,27 while in our study, an inexperienced 
clinician performed implant placement. This factor has 
been discussed in other studies, where it was found that 
the accuracy of implant placement is affected by the sur-
geon’s experience.29,30 

The implant deviations demonstrated in the present 
study were slightly higher than those in an in vitro study 
by Pettersson et al., in which 150 implants were placed 
in plastic models by using surgical guides designed 
according to virtual planning.25 In their study, the im-
plant deviation at the platform was 0.59 ±0.60 mm, with 
0.73 ±0.73 mm at the apex, −0.51 to −0.52 mm in depth, 
where the actually placed implants did not reach the depth 
of the virtually planned implants, and the angular devia-
tion of 0.61 ±1.27°. In that study, the surgical guide was 
designed with 3 anchor pins to stabilize it while drilling.25 
In contrast, the surgical guide in the current study was 
designed without any stabilizing pin, which might have 
had an effect on the stability of the guide during drilling, 
resulting in more implant deviations. Additionally, the 
diameters of  the sleeves used in our study were bigger 
by about 0.2  mm than the drill diameters, which may 
have contributed to slightly higher deviations. Moreover, 
sheep mandibular bones are hard and stiff, requiring 

Fig. 3. Screenshot of the Mimics software showing the positions 
of the virtual and the placed implants after superimposing

Table 1. Deviations of implant placement performed using a 3D-printed 
surgical guide

Deviation Minimum Maximum M SD

Coronal [mm] 0.68 3.85 1.82 0.74

Apex [mm] 0.09 3.91 1.54 0.88

Depth [mm] 0.02 1.19 0.44 0.32

Angular [°] 0.38 6.72 3.01 1.98

M – mean; SD – standard deviation.
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more force during drilling than the plastic models used by 
Pettersson et al., which the authors said were easy to drill.25 
Thus, the model material could also have contributed to 
higher implant deviations in our study.

In a  recent systematic review and meta-analysis 
of 2,238 implants placed using surgical guides, the mean li
near coronal deviation was 1.04–1.44 mm and 1.28–1.58 mm 
at the apex, while the average angular deviation was 
3.00–3.96°.31 Therefore, the results of the present study 
did not differ much from the clinical situation.

Conclusions
Within the limitations of this study, it can be concluded 

that surgical guides produced using the rapid prototype 
technique (the PolyJet technology) can be applied to mini
mize the implant placement deviation. However, further 
clinical trials are suggested.
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Abstract
Background. Bone loss rapidly increases 6 months post tooth extraction, which causes the atrophy of the 
alveolar bone. Two kinds of biomaterials which can stimulate bone regeneration are bioceramics and poly-
mers. Making a  composite of  biomaterials results in better physical and biomolecular characteristics in 
comparison with a bioceramic or a polymer alone. Hydroxyapatite nanoparticles (HANPs) are one of the 
bioceramics commonly used for bone regeneration; they can degrade faster than hydroxyapatite (HA) 
microparticles, but have an insufficient pore size. Polyvinyl alcohol (PVA) and poly lactic-co-glycolic acid 
(PLGA) are polymers which have been used for biomedical applications. However, PLGA alone has insuf-
ficient cell attachment and PVA alone slowly degrades in the bone tissue.

Objectives. The aim of  the present study was to analyze the biodegradation properties of  the 
HANP/PLGA/PVA composites and investigate the pore size. 

Material and methods. The HANP/PLGA/PVA composites were prepared using the freeze-drying 
method, with 20% (w/w) of HANP and 20% (w/w) of PLGA. Morphology and the pore size were deter-
mined by means of  the field emission scanning electron microscopy (FE-SEM) analysis. Biodegradation 
properties were determined by calculating water uptake and water loss for 1, 3 and 6 weeks. Statistical 
analysis was performed based on the one-way analysis of variance (ANOVA) at p < 0.05.

Results. The HANP/PLGA/PVA composites had the greatest mean pore size and a rougher surface than 
others (176.00 ±61.93 µm; p < 0.05). Moreover, the HANP/PLGA/PVA composites had the greatest water 
uptake, significantly in the 3rd (730.46%; p < 0.05) and 6th weeks (731.07%; p < 0.05), and water loss in 
the 6th week (67.69%; p < 0.05).

Conclusions. The HANP/PLGA/PVA composites have optimal pore size, morphology and degradability, 
which shows their high potential as an  effective bone scaffold to repair the alveolar defect post tooth 
extraction.

Key  words: biodegradable, bone regeneration, hydroxyapatite nanoparticle, polyvinyl alcohol, 
poly lactic-co-glycolic acid
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Introduction
Tooth extraction is one of  the most common kinds 

of  dental treatment in developing countries.1,2 A  total 
of  944 tooth extraction procedures were performed in 
450 patients throughout the year 2014 at Jember Dental 
Hospital, Indonesia, indicating that each patient was sub-
jected to tooth extraction treatment at least twice a year, 
on average.3 Tooth extraction may negatively impact the 
alveolar bone, which can result in the atrophy of  the al-
veolar bone, the collapse of the soft tissue, and a short and 
narrow alveolar ridge.4–7 The alveolar bone obviously will 
lose its function and rapidly disappear in the first 6 months 
post-extraction.4 Other consequences of bone loss include 
the reduction of  esthetics, the inhibition of  mastication 
processes, and the insufficient support of dental implants 
or prosthetic restorations.4–8 Accordingly, it is important 
to develop biomaterials which could stimulate bone regen-
eration and prevent bone loss, or for alveolar preservation.

Bone is an  inorganic-organic composite material con-
sisting of hydroxyapatite (HA) as the main component.9,10 
In Indonesia, the most widely used bone grafting material 
to avoid bone loss following tooth extraction is HA.11 How-
ever, HA slowly degrades, over approx. 24 months.10–13 It is 
a brittle material, and thus its application is limited to low-
pressure areas. Hydroxyapatite nanoparticles (HANPs) are 
one of the bioceramics that have better osteoconductivity, 
biocompatibility and biodegradability, and also exhibit en-
hanced osteoblast adhesion as compared to those of con-
ventional HA.10–12,14 This bioceramic may also be able to 
increase the tensile strength of  the scaffold.10 However, 
HANPs have insufficient porosity and pore size.10,14 The 
ideal range of the pore size to promote bone regeneration 
is 50–300 µm.15–17 Accordingly, composites constituted by 
a combination of HANPs and other materials are needed to 
overcome the limitations of conventional HA.14

Polyvinyl alcohol (PVA) and poly lactic-co-glycolic acid 
(PLGA) are synthetic polymers which possess good stability 
for bone repair and regeneration.10,18 Polyvinyl alcohol ex-
hibits highly favorable properties, such as biocompatibility, 
and physicochemical characteristics, and has been used for 
biomedical applications.19,20 It has shown better mechanical 
stability than other polymers, as demonstrated in previous 
studies. However, the degradation of PVA is very slow.10,19 
Poly lactic-co-glycolic acid is one of the best biodegradable 
materials, which is also used as a drug carrier. It degrades 
into non-toxic products.21–23 Nevertheless, neither PVA nor 
PLGA support cell adhesion. They also have low mechanical 
support.10,19 One study showed that the addition of HA to 
a polymer scaffold resulted in enhanced osteoblast attach-
ment, mineralization and metabolic activity.10

The present study focused on the development of  the 
HANP/PLGA/PVA composites by using the freeze-drying 
method. This study aimed to analyze the biodegradation 
properties and pore size of the HANP/PLGA/PVA com-
posites. The findings of the study are expected to provide 

suggestions for synthetic bone grafts to avoid or recover 
bone loss following tooth extraction.

Material and methods
The following components were used: HANPs 

±60  nm (BATAN, Jakarta, Indonesia); PLGA 50:50 Mw 
15,000–25,000  Da (PolySciTech, West Lafayette, USA); 
PVA fully hydrolized Mw 73,000 Da (Merck, Kenilworth, 
USA); phosphate-buffered saline (PBS) (Gibco™, Thermo 
Fisher Scientific, Waltham, USA); and ethyl acetate (Merck).

This study was conducted in May 2019. The study 
materials were divided into 4 groups: G1 (PVA alone); 
G2 (HANP/PVA); G3 (PLGA/PVA); and G4 (HANP/
PLGA/PVA). The HANP/PLGA/PVA composites con-
tained 20% (w/w) of HANP and 20% (w/w) of PLGA. 
All of  these composite specimens were prepared by 
means of the freeze-drying method at −80°C for 24 h.

The pore size analysis was determined by field emission 
scanning electron microscopy (FE-SEM) (FEI Quanta™ 
FEG 650; Thermo Fisher Scientific, Waltham, USA).

The biodegradation test was performed in triplicate 
(n  =  3) by immersing the composites in 10  mL of  the 
PBS solution (pH 7.4). They were then incubated at 37°C 
for 1, 3 and 6 weeks. All the composite specimens were 
weighed before immersing to determine their initial 
weight (Wi). At the end of each degradation period, the 
swollen weight was measured immediately (Ws). The 
composite specimens were then dried to determine the 
final dried weight (Wf). Subsequently, the water uptake 
and water loss values were also determined. To calculate 
the water uptake value, equation 1 was used:

        (1)

where:
Ws – swollen weight [mg];
Wf – final dried weight [mg].

Additionally, the water loss value was calculated with 
equation 2:

        (2)

where:
Wi – initial weight [mg];
Wf – final dried weight [mg].

Each measured sample contained 3 parallel test sam-
ples. Statistical analysis was performed using the one-way 
analysis of  variance (ANOVA) (IBM SPSS Statistics for 
Windows, v.  25.0; IBM, Corp., Armonk, USA) and was 
considered statistically significant at p < 0.05.
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Results
Figure 1 shows the FE-SEM images of  the surface mor-

phology and pore size of the composites. The representa-
tives of  the FE-SEM images show the natural distribution 
of  the pore formation in the scaffold. Table  1 shows that 
the HANP/PLGA/PVA composites had the greatest pore 
size. Table  2 presents the initial weights, swollen weights 
and final dried weights of all composite specimens, which 
influenced the percentage of water uptake and water loss. 
Figure 2 shows the comparison of water uptake percentages 
for all composite specimens at different periods of time. The 
HANP/PLGA/PVA composites showed the highest water 
uptake percentage in the 3rd and 6th weeks (730.46% and 
731.07%, respectively), indicating that water absorption was 
increased 7-fold as compared to the initial weight. Figure 3 
shows that the HANP/PLGA/PVA composites exhibited 
a greater water loss value in the 6th week (67.69%) than other 
composites. With the absence of PLGA, the swelling ratio 
(water uptake percentage) of  the HANP/PVA composites 
was half that of  the HANP/PLGA/PVA composites, indi-
cating that the incorporation of PLGA into the scaffold en-
hanced the biodegradation rate of the composites. Fig. 2. Percentages of water uptake of the composites

* p < 0.05. 

Fig. 1. Morphological analysis of the composites with field emission scanning electron microscopy (FE-SEM)

A – PVA alone; B – HANP/PVA; C – PLGA/PVA; D – HANP/PLGA/PVA.  
PVA – polyvinyl alcohol; HANP – hydroxyapatite nanoparticle; PLGA – poly lactic-co-glycolic acid.

Table 1. Pore size of the composites (n = 3) 

Composite Pore size [µm]

PVA alone 51.34 ±31.85

HANP/PVA 54.53 ±35.74

PLGA/PVA 138.46 ±68.54*

HANP/PLGA/PVA 176.00 ±61.93*

Data presented as mean (M) ± standard deviation (SD). 
* statistically significant differences in relation to all other groups (p < 0.05).
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Discussion
Over the last decade, polymer and bioceramic com-

posites have attracted much attention as biomaterials 
to be developed for bone regeneration.12,14,24,25 Figure 1 
shows that the surface area of  the HANP/PLGA/PVA 
composites was rougher than that of other composites, 
indicating that the addition of HANPs to the scaffold in-
creases the surface area and its roughness.15 The surface 
roughness of  composites influences their interaction 
with the biological environment.26,27 It also enhances 
cell adhesion, differentiation and proliferation.26–29 The 
pore size is mainly responsible for cell proliferation, 
migration and nutrition.15,16 Specific cells require dif-
ferent pore sizes for optimal attachment and prolifera-
tion.26 Research by Chang and Wang showed that osteo-
blast migration was faster through scaffolds with a pore 
size larger than 100 µm.26 A study by Loh and Choong 
demonstrated that the optimal pore size of a scaffold to 
enhance cell migration and proliferation ranged from 
100 µm to 350 µm.15 An interconnected network serves 
the improvement in the mechanical stability of the im-
plant through the incorporation of  PLGA.30 Moreover, 
the selection of  the technique to prepare the compo
site scaffold for bone regeneration has a great impact on 
the pore size and porosity of the scaffold.15,16,31,32 Freeze 
drying is a  conventional technique that allows frozen 
water to sublimate directly and results in pore forma-
tion.15,31,32 The pore size of  the composite depends on 

the ratio of water to the polymer solution, the freezing 
temperature and the viscosity of  the emulsion.15 The 
pore size also affects the expression of gene markers and 
the secretion of glycosaminoglycan (GAG).15 Biodegrad-
able materials are ideal biomaterials in oral and maxil-
lofacial surgery and in orthopedics, since they do not 
require a second surgical event for removal.4,13,18 In that 
vein, non-biodegradable composites have some signifi-
cant drawbacks, including an increase in hospitalization 
time, in healthcare cost and in the risk of infection.33

Conclusions
The presence of HANPs in the composites could affect 

the surface roughness and increase the surface area. The 
incorporation of  PLGA into the scaffold could increase 
the pore size and biodegradation rate of  the composites 
as compared to those of PVA alone or HANP/PVA. The 
HANP/PLGA/PVA composites demonstrated optimal 
pore size, morphology and degradability, which indicates 
their high potential as an effective bone scaffold to repair 
the alveolar defect following tooth extraction or for alveo-
lar preservation.
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Abstract
Background. The growth and proliferation of  gingival fibroblasts are important in the process of  oral 
wound healing, and photobiomodulation (PBM) might be able to modify this process.

Objectives. The aim of  the current study was to evaluate the biomodulatory effect of a  single session 
of laser PBM by means of 810 nm and 940 nm diode lasers alone and their combined application with 
different fluencies on human gingival fibroblasts (HGFs). 

Material and methods. Cells were provided by the Pasteur Institute, the National Cell Bank of  Iran 
(NCBI) (C-165). Laser irradiation was carried out using 810 nm, 940 nm and 810 nm + 940 nm in the 
continuous wave (CW) mode, 100 mW, and energy densities of 0.5, 1.5 and 2.5 J/cm2. Cell viability was 
evaluated at 24 h with the MTT assay. Trypan blue staining was used to evaluate proliferation 24, 48 and 
72 h after laser therapy. Propidium iodine was used to stain DNA and the cell nucleus.

Results. Laser irradiation (810 nm, 0.5 J/cm2) increased the viability of gingival fibroblasts, while this 
dose had an inhibitory effect with 940 nm. No positive effect on cell viability was found with other settings 
at 24 h. The viability results were not statistically different from those of the control in the dual wavelength 
group. At all single-laser irradiation doses, the cell proliferation results were lower as compared to the con-
trol at 48 and 72 h. The dual wavelength group results were significantly better than those of the control for 
the 1.5 J/cm2 and 2.5 J/cm2 energy densities (p < 0.001). Propidium iodine staining showed no negative 
effect of laser irradiation on the cell nucleus in any of the groups.

Conclusions. Although a single irradiation dose of 810 nm, 0.5 J/cm2, resulted in a positive effect on cell 
viability at 24 h, no statistically significant stimulatory effect on viability and proliferation was observed for 
the other single wavelength group. When a combination of the 2 wavelengths was used, better results were 
observed as compared to the control, which needs to be further investigated in future studies.

Key words: wound healing, cell proliferation, lasers, cell survival
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Introduction
Wound healing is a complex physiological process in-

volving biological clot formation, angiogenesis, granula-
tion tissue formation, and re-epithelialization. The growth 
and proliferation of various types of cells, such as fibro-
blasts, play important roles in this process,1 with fibro-
blasts having a key role and a critical anti-inflammatory 
effect. They are involved in the contraction of the wound 
and the production of collagen, elastin, fibronectin, and 
proteoglycans.2 Unlike skin fibroblasts, adult gingival fi-
broblasts are much more similar to embryonic fibroblasts 
in terms of  morphology, growth, migration ability, and 
cytokine production, which is probably the reason for the 
rapid improvement of oral ulcers with the lowest amount 
of scars.3 Therefore, their proliferation and migration are 
essential for accelerating wound healing, and success in 
increasing their proliferation can directly influence the 
healing results.4,5

Low-level (intensity) laser therapy (LLLT, LILT), or bet
ter called photobiomodulation (PBM), refers to the use 
of  photons to modulate biological activity.6 This type 
of  therapy uses non-thermal laser light, mostly from the 
red and near-infrared region of the spectrum. Its ability to 
stimulate the proliferation of different cell types has been 
shown to be its most important physiological effect.7 The 
influence of LLLT on the migration of gingival fibroblasts 
and the synthesis of collagen as well as its anti-inflammatory 
effects, which are directly related to the wound healing 
process, have also been shown in previous studies.2,8–10

Although the mechanisms behind the biomodulatory 
effects of different wavelengths require further investiga
tion, studies have shown that visible to near-infrared 
light is thought to be absorbed by mitochondrial and 
non-mitochondrial photoacceptors. The best known 
ones are mitochondrial respiratory chain components, 
which cause an increase in reactive oxygen species (ROS) 
and adenosine triphosphate (ATP) or cyclic adenosine 
monophosphate (cAMP), and initiate a signaling cascade, 
thereby promoting cellular proliferation.7,11

Most studies on wound healing have been conducted 
on skin fibroblasts or epithelial cells. In recent years, in 
vitro and in vivo studies have also evaluated the effect 
of phototherapy on oral wounds and gingival fibroblasts, 
with different devices and settings.2,3,10,12

The laser effect depends on various parameters, such 
as wavelength, power, energy density, and the duration 
and schedule of  laser irradiation. Despite various stu
dies in this field, there is still no optimal protocol for the 
application of PBM in dental treatment due to inconsis-
tencies in the study design, a  wide range of  parameters 
involved, and phenotypic and genotypic differences that 
might exist in the cell lines used. Previous studies have 
mostly focused on certain wavelengths of the laser in the 
range of 600–810 nm, with few comparisons of different 
wavelengths.2,4,12–15 Moreover, there are very few studies 

evaluating the simultaneous application of 2 wavelengths, 
which seems to have the potential of a novel synergistic 
effect due to different penetration depths and absorption 
by specific chromophores.16–18

Near-infrared laser dental devices with wavelengths 
of  810  nm and 940  nm have currently become popular 
adjunctive tools in different areas of dental practice (es-
pecially in periodontal treatment and soft-tissue oral 
surgery), and there is a  limited number of  studies com-
paring these wavelengths in order to find the ideal laser 
settings for adjunctive photobiostimulatory application 
in oral wound healing. This study was designed to evalu-
ate the biomodulatory effect of a single irradiation session 
of these 2 lasers alone and their combined irradiation with 
different energy densities, chosen based on the previously 
reported suitable energy densities, on human gingival 
fibroblast (HGF) cells.

Material and methods
This study was approved by the ethics research com-

mittee of  Zahedan University of  Medical Sciences, Iran 
(IR.ZUMS.94.5.11-7347). Human gingival fibroblasts 
were provided by the Pasteur Institute, National Cell 
Bank of  Iran (NCBI) (C-165; NCBI, Tehran, Iran). This 
cell line was cultured in the minimum essential medium 
α  modification (αMEM) containing 10% of  fetal bovine 
serum (FBS) (Gibco®, Grand Island, USA) in sterile flasks, 
in 5% CO2 and at 37°C, in an incubator. After 2–3 days, 
the culture was replaced and after 1 week, the cells were 
passaged.

The third-passage cells were cultured at 5 × 103 cells 
per well in 96-well plates (Zhejiang Sofra Life Sciences 
Co., Ltd., Zhongguan, China) and the type of  treatment 
was identified according to numbering. Six wells were 
allocated for each energy density at each study time, and 
the average result was reported.

Laser irradiation 

Diode lasers with wavelengths of  810  nm (Picasso®; 
AMD Lasers LLC, Indianapolis, USA) and 940  nm 
(Epic®10; Biolase, Irvine, USA) were used. A 400-micron 
fiber and an output power of 0.1 W were used for both 
lasers. The fiber tip was placed perpendicular to the bot-
tom of each well at a fixed distance of 15 mm to produce 
an irradiation spot size of 0.8 cm in diameter to cover only 
1 well of a 96-well plate.

In order to have 3 energy densities of  0.5, 1.5 and 
2.5 J/cm2, the cell culture wells were irradiated from un-
derneath the plates for 2.5, 7.5 and 12.5 s, respectively. The 
output power was 100  mW and the power transmitted 
through the transparent, flat-bottom culture plates was 
checked with a power meter (Nova II®; Ophir Photonics, 
Jerusalem, Israel) before irradiation. An empty well was 
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placed between the cultured wells in order to prevent 
overtreatment. Wells other than the one being irradiated 
were covered with a black cardboard. In order to evaluate 
the combined effect of  the 2 wavelengths, a  third group 
was also assessed. For this purpose, in order to produce 
the same energy densities as in the case of the single wave-
length groups, each energy density was reduced by 2 for 
each wavelength to achieve the same density together. 
The 810 nm wavelength was applied first, followed by the 
940 nm wavelength. The irradiation process was conduct-
ed in a semi-dark room, with no ceiling light turned on 
over the counter where laser irradiation was performed. 
This was to limit unintentional light from the environ-
ment reaching the cells. The control wells received no 
laser irradiation, but their plates were also removed from 
the incubator for the same duration as the laser-irradiated 
group wells to provide the same situation for both groups.

Evaluation of cell survival 

Cell viability was assessed by evaluating mitochondrial 
activity by means of the MTT colorimetric assay 24 h after 
irradiation with different lasers. In the MTT method, the 
mitochondrial succinate dehydrogenase enzyme causes 
a  breakdown in the MTT ring solution to change it to 
insoluble blue formazan; then, using photometry, the 
amount of formazan is measured and the intensity of the 
produced color is related to the number of live cells. For 
this, we placed the cells in the incubator for 24 h. Then, 
10 μL of the MTT solution and 90 μL of αMEM contain-
ing 10% FBS were added to each well and placed in the 
incubator for 3–4 h at 37°C. Formazan crystals were dis-
solved by adding dimethyl sulfoxide. Subsequently, spec-
trophotometry was used to measure the cell metabolism. 
Light absorption was read using the enzyme-linked im-
munosorbent assay (ELISA) with the ELx808™ absor-
bance microplate reader (BioTek Instruments GmbH, Bad 
Friedrichshall, Germany) at a wavelength of 540–690 nm. 
Results were reported as percentage, and the control 
of this test was considered as 100%.

Evaluation of cell proliferation 

The trypan blue assay was used to evaluate the number 
of cells in the culture after the application of LLLT. The 
trypan blue dye can penetrate only the porous, permeable 
membranes of  the lethally damaged (dead) cells, which 
is clearly detectable under optical microscopy (OM) and 
the total number of  viable cells is counted. Cells in the 
amount of 5 × 103 were cultured in the wells of 96-well 
plates. Then, 24, 48 and 72  h after irradiation, the cell 
number was determined by counting the viable cells with 
the trypan blue dye exclusion assay. For each time period, 
the cells from 6 wells of  each group were counted and 
their increased ratio was reported numerically in com-
parison with the baseline number of cells.

Propidium iodide staining 

In order to study the effects of  laser irradiation on 
the nucleus of the cultured cells, after 72 h, propidium 
iodide was prepared with 1 mg/mL phosphate-buffered 
saline (PBS) and 100 times diluted, and 10 μL of it was 
added to each well of  the cell cultures. After 1–2 min, 
the samples were washed with the PBS solution and exa
mined under a fluorescence phase contrast microscope 
(BX51; Olympus Corp., Tokyo, Japan) for the morpho-
logical changes of the nucleus (pyknotic nuclei and nu-
clear fragmentation).

Statistical analysis 

The data was analyzed using Student’s t test and sub-
jected to the three-way analysis of  variance (ANOVA). 
After that, Tukey’s post-hoc test was used for further 
comparisons between the subgroups. All statistical 
analyses were performed at a  significance level of  0.05 
and expressed as mean (M) ± standard deviation (SD) 
through graphics. The R statistical software, v. 3.3.3 (the 
R Project for Statistical Computing, Vienna, Austria; 
http://www.r-project.org), and SPSS for Windows, v. 16.0 
(SPSS Inc., Chicago, USA) were used.

Results

Cell survival 

The MTT assay was used to determine the effect of la-
ser irradiation on cell survival at 24 h. (Fig. 1) Only the 
810 nm 0.5 J/cm2 group had better viability results, which 
was about 35% higher than the control and was statisti-
cally significant (p = 0.013). There was also a reduced via
bility for the 940 nm 0.5 J/cm2 group as compared to the 
control (p = 0.001).

A statistically significant difference existed between 
the 810 nm 0.5 J/cm2 group and the control; the former 
showed better viability results (p  =  0.013). However, 

Fig. 1. Percentage of the viability of human gingival fibroblast (HGF) cells 
as compared to the control at 24 h after laser irradiation with 810 nm and 
940 nm lasers and dual wavelength irradiation with energy densities of 0.5, 
1.5 and 2.5 J/cm2

* significant differences between the groups; # significant differences as 
compared to the controls (p < 0.05).
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the 940 nm 0.5 J/cm2 irradiation provided lower viability 
results as compared to the control. The dual wavelength 
group showed no statistically significant difference as 
compared to its control.

When comparing the wavelengths with similar energy 
densities, the 810 nm 0.5 J/cm2 group had a higher viabi
lity percentage as compared to the 940 nm laser group and 
the combined irradiation group (810 nm + 940 nm) with 
statistically significant differences (p < 0.001). There was 
a statistically significant difference between the combined 
irradiation group with the 0.5  J/cm2 irradiation and the 
940 nm laser group with the 0.5 J/cm2 irradiation (Fig. 1)

Cell proliferation 

The cell proliferation amounts were lower for the single 
wavelength irradiation groups as compared to the con-
trols at 48 and 72  h, but the dual wavelength group re-
sults were significantly better than those of their control 
for the 1.5 J/cm2 and 2.5 J/cm2 energy densities (p < 0.001) 
(Table 1).

The three-way ANOVA was used to compare the ef-
fect of the laser wavelength, energy density and time on 
proliferation. The results of  this test also showed that 
both laser and time factors affect proliferation (p < 0.05) 
(Table 2). In addition, the results of the study show that the 
laser effect depends on energy density and time (p < 0.05). 
Further two-fold comparisons between the groups were 
done using Tukey’s test and the results are shown in Fig. 2.

When comparing different energy densities of  the 
810  nm laser, 0.5  J/cm2 showed higher proliferation 
amounts as compared to 2.5 J/cm2 at 24 h (p = 0.002) and 
72 h (p < 0.001). The 810 nm 1.5 J/cm2 laser also provided 
better results as compared to 2.5 J/cm2 after 72 h (p = 0.038).  
There was only 1 statistically significant difference in 
the 940  nm group, which was between irradiation with 
the 0.5 J/cm2 and 2.5 J/cm2 energy densities at 72 h, with 
better results for the 2.5 J/cm2 group (p = 0.038). Differ-
ences between the 3 energy densities of  the combined 
irradiation group were statistically significant at all time 
points, with better results as the energy dose increased 
(p ≤ 0.001) (Table 3).

We also compared similar energy densities of  differ-
ent laser wavelengths. The 940 nm 2.5  J/cm2 group had 
statistically significantly higher results as compared to 
810 nm 2.5 J/cm2 at 72 h (p < 0.001). The 810 nm 0.5 J/cm2 
group showed better proliferation results as compared to 

Fig. 2. Proliferation of HGF cells at 0, 24, 48, and 72 h after laser irradiation 
with 810 nm and 940 nm lasers and the combined wavelength irradiation 
with energy densities of 0.5, 1.5 and 2.5 J/cm2

* significant differences between different energy densities in the same 
laser treatment group at each time point; other matching symbols indicate 
significant differences between different wavelength groups with the same 
energy density at each time point (p < 0.05).

Table 1. Comparative evaluation of the effect on the proliferation of HGF cells between different energy densities of the lasers and the controls after 24, 48 and 72 h

Time

810 nm laser 940 nm laser 810 nm + 940 nm laser

Control
0.5 J/cm2 1.5 J/cm2 2.5 J/cm2

Control
0.5 J/cm2 1.5 J/cm2 2.5 J/cm2

Control
0.5 J/cm2 1.5 J/cm2 2.5 J/cm2

M  
±SD p-value M  

±SD p-value M  
±SD p-value M  

±SD p-value M  
±SD p-value M  

±SD p-value M  
±SD p-value M  

±SD p-value M  
±SD p-value

24 h
1.65 

±0.24
1.80 

±0.17
0.196

1.37 
±0.19

0.560
1.23 

±0.17
0.196

1.65 
±0.24

0.94 
±0.09

0.010 *
1.08 

±0.21
0.089

1.10 
±0.13

0.058
1.71 

±0.07
1.91 

±0.07
0.001*

2.11 
±0.07

<0.001*
2.33 

±0.07
<0.001*

48 h
2.36 

±0.12
1.37 

±0.14
<0.001*

1.20 
±0.14

<0.001*
1.42 

±0.20
<0.001*

2.36 
±0.12

1.15 
±0.15

<0.001*
1.19 

±0.09
<0.001*

1.54 
±0.19

<0.001*
2.06 

±0.07
2.06 

±0.07
1.000

2.46 
±0.07

<0.001*
2.86 

±0.07
<0.001*

72 h
4.83 

±0.51
2.77 

±0.47
<0.001*

2.56 
±0.35

<0.001*
2.11 

±0.07
<0.001*

4.83 
±0.51

2.38 
±0.19

<0.001*
2.66 

±0.19
<0.001*

2.89 
±0.49

0.001*
2.31 

±0.07
2.26 

±0.07
0.242

2.66 
±0.07

<0.001*
3.06 

±0.07
<0.001*

M – mean; SD – standard deviation; * statistically significant difference (p < 0.05). 

Table 2. Results of the three-way analysis of variance (ANOVA)

Variable df F-value p-value

Intercept 1 12,598.297 <0.0001*

Wave 2 23,380.106 <0.0001*

Power 2 338.679 <0.0001*

Time 3 19.819 <0.0001*

Wave*Power 4 849.839 <0.0001*

Wave*Time 6 35.599 <0.0001*

Power*Time 6 86.589 <0.0001*

Wave*Power*Time 12 7.399 <0.0001*

df – degrees of freedom; * statistically significant difference (p < 0.05).
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0.5 J/cm2 of the 940 nm laser at 24 h (p < 0.001), but this 
difference was not significant at the 0.05 level after 48 
and 72 h. The 1.5 J/cm2 setting showed no statistical dif-
ference between the 2 lasers. The combined irradiation 
group with similar energy densities as compared to the 
810  nm and 940 wavelengths applied individually pre-
sented significantly better results, except for comparisons 
with 810 nm 2.5  J/cm2 at 24 h and 810 nm 1.5  J/cm2 at 
72 h. Differences between similar energy densities of the 
combined treatment and the 940 nm laser were also non-
significant after 72 h (Table 4).

Propidium iodide staining 

The cells were carefully evaluated after staining and no 
negative effect of laser irradiation on the cell nucleus was 
observed in any of the groups.

Discussion
Finding the appropriate PBM protocol for cells before 

clinical trials regarding wound healing is strongly recom-
mended. Cell culture studies provide conditions which 
make it possible to better assess the effect of  laser irra-
diation on cells by eliminating interventional factors in 
the clinic. However, differences should also be considered 
when translating the results of in vitro studies to clinical 
application.

The results obtained in the present study on gingival 
fibroblast cells showed that a  single dose of  0.5  J/cm2 
with the 810  nm laser could slightly increase the viabi
lity of gingival fibroblasts measured at 24 h. Other energy 
densities of  this laser and also the 940 nm laser did not 
show a positive effect on cell viability at 24 h. Differences 

in the results of the same energy density between differ-
ent wavelengths might be due to the fact that different 
wavelengths of  the laser may operate through different 
mechanisms and each wavelength can be unique in terms 
of the chromophores it can stimulate, and also differences 
in their penetration depths can affect their results. This 
has been demonstrated in some studies.19–21 For example, 
in a study by Wang et al., different mechanisms of action 
were reported for 2 infrared wavelengths of 980 nm and 
810 nm.20 They were able to demonstrate that the 980 nm 
wavelength affects temperature-gated calcium ion chan-
nels, while the mitochondrial cytochrome c oxidase is the 
most probable target of the 810 nm laser.20 Also, in a study 
on the effects of 2 wavelengths of red and near-infrared, 
Marques et al. observed different effects of  laser wave-
lengths.19 According to their findings, an energy density 
of 5 J/cm2 applied with the red laser increased cell viabi
lity and proliferation, while the same dose of  the near-
infrared laser led to negative effects.19

Based on these differences, we also evaluated the effect 
of the combined irradiation of 2 wavelengths on gingival 
fibroblast viability and proliferation. A synergistic effect 
of  applying 2 different wavelengths has been previously 
reported in sparse in vitro and in vivo studies.16–18,22 
We  were also able to observe this effect. Based on our 
findings, the combined irradiation showed different re-
sults as compared to the separate application of  each 
wavelength. This combined therapy seemed to have a bet-
ter effect on proliferation than the lasers applied alone. It 
was also more effective in comparison with the control.

In a  study by Fekrazad et al., the effects of  the blue, 
green, red, and infrared lasers as well as their combination 
on the proliferation and differentiation of mesenchymal 
stem cells (MSCs) were assessed.18 They reported that 
some combinations, such as red + infrared, had negative 

Table 3. Comparative evaluation of the effect of different energy densities of each laser wavelength on the proliferation of HGF cells after 24, 48 and 72 h 
(p-values)

Time
810 nm 940 nm 810 nm + 940 nm

0.5 J/cm2 vs 
1.5 J/cm2

0.5 J/cm2 vs 
2.5 J/cm2

1.5 J/cm2 vs 
2.5 J/cm2

0.5 J/cm2 vs 
1.5 J/cm2

0.5 J/cm2 vs 
2.5 J/cm2

1.5 J/cm2 vs 
2.5 J/cm2

0.5 J/cm2 vs 
1.5 J/cm2

0.5 J/cm2 vs 
2.5 J/cm2

1.5 J/cm2 vs 
2.5 J/cm2

24 h 0.099 0.002* 0.999 0.999 0.997 1.000 0.001* <0.001* 0.001*

48 h 0.998 1.000 0.962 1.000 0.148 0.320 <0.001* <0.001* <0.001*

72 h 0.985 <0.001* 0.038* 0.856 0.038* 0.977 <0.001* <0.001* <0.001*

* statistically significant difference (p < 0.05).

Table 4. Comparative evaluation of the effect of similar energy densities of different irradiation wavelengths on the proliferation of HGF cells after 24, 48 and 
72 h (p-values)

Time
810 nm vs 940 nm 810 nm vs (810 nm + 940 nm) 940 nm vs (810 nm + 940 nm)

0.5 J/cm2 1.5 J/cm2 2.5 J/cm2 0.5 J/cm2 1.5 J/cm2 2.5 J/cm2 0.5 J/cm2 1.5 J/cm2 2.5 J/cm2

24 h <0.001* 0.635 0.999 <0.001* <0.001* 0.186 <0.001* <0.001* <0.001*

48 h 0.968 0.999 0.999 <0.001* <0.001* <0.001* <0.001* <0.001* <0.001*

72 h 0.262 0.999 <0.001* <0.001* 0.529 0.026* 0.430 0.976 0.192

* statistically significant difference (p < 0.05).
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effects, but the blue + green laser combination was better 
than each one applied alone. However, the authors stated 
that they were still not able to reach a clear conclusion as 
to the effect of the combined irradiation on these cells.18 
On the other hand, Zare et al. reported that in the combi-
nation treatment with 630 nm + 810 nm LLLT, 3 sessions 
of irradiation at 2.4 J/cm2 resulted in an increase in the via
bility of human adipose stem cells (hASCs) as compared 
to the control cells and PBM-treated bone marrow-
derived stem cells.16 However, this effect was not observed 
with 1 session of this combined treatment at 1.2 J/cm2.16 
In  the  present study, we only evaluated a  single session 
of  irradiation and we probably could have obtained dif-
ferent results with multiple sessions, which needs to be 
investigated in future studies.

Interesting positive effects were reported in a  recent 
in vivo wound healing study for the simultaneous appli-
cation of the 660 nm and 808 nm lasers as PBM therapy 
in infected pressure ulcers in mice, where this combined 
treatment accelerated healing and had antibacterial ef-
fects.22 In another study, the combination of 2 wavelengths 
– 660  nm and 808  nm – at a  higher dose of  300  J/cm2 
applied twice a week was investigated clinically and was 
reported as effective treatment for oral mucosistis.17

In seems that the combined wavelength treatment may 
have many interesting synergistic effects, which need to 
be evaluated more precisely in further in vitro and in vivo 
studies with well controlled groups.

There are a number of studies on gingival fibroblasts, 
but mostly with many different wavelengths and laser 
parameters, showing a variation of results.2,23–25 We have 
only tried to focus on discussing the results of  similar 
wavelengths with regard to the ones used in the present 
study to better elucidate their effects on these cells.

Although the results of the current study show a slight 
positive effect of a single dose of the 810 nm laser in the 
0.5  J/cm2 setting at 24  h, no irradiation was sufficient 
to result in increased proliferation rates during the 72 h 
of  evaluation as compared to the control in the single 
wavelength groups; however, the dual wavelength re-
sults showed significantly better effects on proliferation 
as compared to the control. Similar to our results, low-
level laser (LLL) irradiation with lower energy densities 
of <2.5 J/cm2 in a recent study by Marques et al. was not 
able to promote the metabolic activity and proliferation 
of  stem cells with red and near-infrared wavelengths.19 
The same authors reported lesser cell proliferation in the 
2.5 J/cm2 660 nm red laser group at 48 h based on the sul-
forhodamine B (SRB) assay, but not in the near-infrared 
irradiated group.19 In the present study, we observed a re-
duction in the proliferation of cells, yet only in the 810 nm 
group at the 48  h time point, which needs to be consi
dered and better elucidated in future studies.

Frozanfar et al. investigated the effect of the low-power 
diode laser with a wavelength of 810 nm, an output power 
of 50 mW and an energy density of 4 J/cm2, with 3 con-

secutive irradiation sessions, on the expression of type I 
collagen gene and the proliferation of HGF cells.26 Their 
study revealed that laser irradiation increased the expres-
sion of type I collagen gene on the 3rd day and the fibro-
blast proliferation rate after 48 and 72 h.26 It seems that 
the lower output power used in that study and the repeat-
ed delivery of laser radiation energy might have resulted 
in a cumulative positive effect, better in comparison with 
the one of the present study.

In a study by Kreisler et al., the 809 nm diode laser with 
a very low output power of 10 mW and energy densities 
of 1.96, 3.92 and 7.84 J/cm2 was used for irradiation 2 and 
3 times in 24-hour intervals.5 They reported an increase 
in the proliferation of gingival fibroblasts after 24 h. How-
ever, this increase of  the proliferation gradient declined 
48 and 72 h later, with a density-dependent pattern.5 The 
reason for this decrease can be explained by the gradual 
vanishing effect of the laser or the cells reaching the satu-
ration point after 3 days of incubation. If the latter is the 
case, we might have achieved a different result by seeding 
a lower number of cells in each well. Interestingly, in a re-
port by Moore et al., similar results to ours were report-
ed.27 They observed that although the proliferation of fi-
broblasts increased after a single irradiation session with 
red wavelengths, with a maximum effect in the case of the 
665 nm and 675 nm wavelengths, a single dose of 810 nm 
low-power diode laser radiation (5 mW/cm, 10 J/cm2) re-
sulted in an inhibitory effect. However, the energy density 
they utilized was much higher as compared to the ones in 
the present study and had a much lower output power.27

Wavelengths of around 940 nm have also been studied 
in a few reports. Similar to the results of the present study, 
Hakki et al. reported that a  single application of  high-
power 2 W and 1.5 W in the pulsed wave (PW) and low-
power 0.3 W in the continuous wave (CW) of the 940 nm 
laser did not have any significant effects on the prolifera-
tion of fibroblasts.28 However, they reported a significant 
increase in the insulin-like growth factor (IGF), vascu-
lar endothelial growth factor (VEGF) and transforming 
growth factor-β (TGF-β) mRNA expressions in all 3 laser 
setting groups as compared to the control group. An in-
crease in the type I collagen mRNA expression was also 
observed, but only in the 0.3 W setting.28

In another study, Pereira et al. evaluated the effect 
of  using the 904  nm laser in 2 sessions of  irradiation 
with a  6-hour interval on cell growth and the synthesis 
of  procollagen in the cultured NIH-3T3 fibroblasts.29 
Cell stress was also simulated in this study. The cells 
were submitted to low-power laser irradiation with 
an output power of 120 mW and energy densities varying 
from 3 to 5 J/cm2 over a period of 1–6 days. The results 
indicated that the 5  J/cm2 irradiation had no effect on 
cell growth, but an energy density of 3 or 4 J/cm2 caused 
a remarkable increase in the cell number; however, laser 
irradiation did not affect the synthesis of  procollagen.29 
Following this study, Marques et al. performed another 
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study on HGF cells, using the  same wavelength, and 
obtained similar results to ours.30 They irradiated the 
cells at an output power of 120 mW and an energy density 
of 3 J/cm2. A decrease in type I collagen was observed in 
the irradiated group, and also a change in the cytoplasmic 
matrix of  the cells was noted. The irradiated cells be-
came more electron-dense, which is similar to apoptosis. 
They suggested that laser irradiation has the potential to 
both stimulate cell division and sometimes result in the 
apoptosis of cells.30

As it can been seen, PBM studies on gingival fibroblasts 
still vary regarding the irradiation protocols despite simi-
larities in the cells and wavelengths studied.2 On the other 
hand, one possible application of LLLT, connected to its 
potential inhibitory effects, is in the management of con-
ditions with abnormal collagen or extracellular matrix 
deposition, in cases with the risk of keloid formation or 
conditions such as hereditary gingival fibromatosis.30 The 
biological mechanisms of  low-power laser radiation are 
not fully understood yet and more advanced molecular 
experiments are needed to help better understand laser–cell 
interactions and the mechanisms of different wavelengths 
in order to be able to design novel, more effective clinical 
applications for wound healing.

Conclusions
We have only studied the effect of a single session of la-

ser irradiation with 2 laser devices which are normally used 
at a high output power in clinical practice. The compari-
son of the effects of single and multiple irradiation with 
these wavelengths is recommended in future studies. Also, 
it would be interesting to compare the effects of laser de-
vices designed for PBM therapy (which can produce very 
low output powers) and of the devices used in the present 
study, which are usually used as adjunctive in dental prac-
tice. Moreover, we studied the effect of the combined laser 
irradiation provided on a different day than the lasers ap-
plied alone and suggest further investigations on this inter-
esting dual wavelength therapy with the same control sam-
ples. According to the results of the present study, although 
a  single irradiation dose of 810  nm 0.5  J/cm2 resulted in 
a slight positive effect on cell viability at 24 h, no significant 
stimulatory effect on viability and proliferation was ob-
served for other settings evaluated in this study. When the 
combination of the 2 wavelengths was used, better results 
were obtained as compared to the controls, which needs to 
be further investigated in future studies. 
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Abstract
Background. The application of local drugs as adjunctive periodontal treatment is a topic of rapidly in­
creasing interest. Consequently, new discoveries are arising, a noteworthy portion of which employ hydro­
gels as delivery systems due to their high biocompatibility with and similarity to human tissues. In the 
search for new therapeutic agents capable of  aiding periodontal treatment, authors became interested 
in a unique concept investigated by very few in vitro or in vivo studies concerning the local application 
of insulin. These studies concluded that insulin promotes the recovery and regeneration of damaged soft 
and bone tissues.

Objectives. The aim of the study was an endeavor to design a linear hydrogel that is injectable into peri­
odontal pockets, and is able to carry a small insulin load through physical bonds and provide sustained 
release. 

Material and methods. The chitosan hydrogel as well as blends of polyvinyl pyrrolidone (PVP), poly­
vinyl alcohol (PVA) and polyethylene glycol (PEG) were prepared and characterized in terms of the hydrogel 
texture and injectability. Afterward, to study the insulin release kinetics, a specific amount of each formula­
tion was loaded with insulin, and then incubated in phosphate-buffered saline (PBS). Specimens of the 
incubated samples were withdrawn daily to measure insulin concentrations by means of the ultraviolet 
(UV)-absorbance method; ultimately the cumulative release was calculated.

Results. Out of the 5 formulations, 4 had homogenous one-phasic texture and their insulin release profiles 
in vitro ranged from a few hours to about 2 weeks. The blend of 26.5 wt% PVP, 6.6 wt% PVA, 0.03 wt% 
calcium chloride dihydrate (CaCl2.2H2O), and 66.8 wt% water, loaded with 2 IU/g of insulin, had favorable 
regular sustained release, approaching 13 days.

Conclusions. The composition of the hydrogel, the component ratio and the amount of loaded insulin were 
found to affect the release profile. A linear hydrogel of copolymerized PVP, PVA and CaCl2.2H2O can serve as 
a local vehicle for the sustained delivery of insulin inside periodontal pockets.

Key words: insulin, hydrogel, cumulative release, periodontal pockets, UV-absorbance
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Introduction
Handling gingival and periodontal disease is not a simple 

mission. Plaque-induced gingivitis can be resolved by 
biofilm removal and scaling procedures. Still, to preserve 
healthy gingiva, the maintenance of  self-performed 
oral hygiene is indispensable. Non-surgical periodontal 
therapy (NSPT), a cornerstone in managing periodontitis, 
precedes any additional therapy. To accomplish it, prac-
titioners use scalers and pocket/root instrumentation in 
order to approximate the ultimate goal of  the therapy, 
which is to remove microbial deposits and calculus from 
the supra- and infragingival areas.1 Besides that, a varie
ty of  treatment strategies can modulate the patient’s re-
sponse to the management of periodontitis. This involves 
the local application of chemotherapeutic agents as an ad-
junct to NSPT, increasing its ability to ensure satisfactory 
outcomes. In the medical literature, most local drugs that 
are applied for treating periodontitis can be divided into 
antibiotics, antiseptics, anti-inflammatory drugs, growth 
factors, interleukins, and medicinal herbal products.2,3

An ideal local drug delivery system (LDDS) should pro
vide a gradual release of the active drug for a sensible pe
riod, and be biocompatible, bioadhesive and noncyto
toxic.4–6 In patients with periodontitis, periodontal pockets 
themselves are available as natural reservoirs for LDDSs. 
At first, subgingival irrigating systems can supply thera-
peutic agents to the diseased area at effective concentra-
tions, but conspicuous limitations arise from the continu-
ous flow of the gingival crevicular fluid (GCF), which is 
replaced approx. 40 times per hour, leading to the rapid 
clearance of subgingivally placed drugs. Any added clini-
cal advantage subgingival irrigation may have over NSPT 
is probably limited to drugs that can bind to the surface 
of the root and/or lining of the periodontal pocket, such 
as tetracyclines or chlorhexidine.1

Recognizing that the potency of a locally applied medicine 
hinges on its relatively long-lasting availability at concentra-
tions over the effective minimum, several forms of LDDSs 
have emerged. They include fibers, strips, films, gels, micro
particles, and nanoparticles, all aiming to offer easy applica-
tion, steadiness and uniform distribution inside periodon-
tal pockets as well as controlled or sustained release. Local 
delivery systems for various drugs have been designed in in 
vitro and/or in vivo studies, and their drug release profiles, 
architecture and the clinical outcomes of  their application 
have been described.7–9 Quite a number of efficiency-proven 
LDDSs are commercially available, and some are approved 
by the U.S. Food and Drug Administration (FDA). Actisite® 
is a  non-resorbable fiber made of  ethylene/vinyl acetate 
copolymer, measuring 23 cm in length and 0.5 mm in dia
meter, with evenly dispersed tetracycline hydrochloride 
(HCl).7 This product is now discontinued, probably because 
of difficulties in handling it during placement and its non-
biodegradable nature. Recently, a product called Periodontal 
Plus AB™ has been presented, containing 2 mg of evenly 

impregnated tetracycline HCl in 25 mg of pure fibrillar col-
lagen. Periodontal Plus AB releases tetracycline gradually 
and dissolves in 8–12 days.8 PerioChip® is an FDA-approved 
rectangular chip (5  mm  ×  4  mm  ×  0.3  mm) containing 
2.5 mg of chlorhexidine gluconate, embedded in the matrix 
of a biodegradable polymer – gelatin.9

Gels combine the ease of  fabrication and application, 
enough to have made them the most popular form of local 
drug carriers. For example, a xanthan gum-based gel con-
taining 1.5% chlorhexidine, called Chlosite®, is available 
in place of  PerioChip. Ligosan® Slow Release is a  hydro
gel matrix loaded with 14% doxycycline (w/w). The ma-
trix is composed of  copolymerized polyglycolic acid and 
poly(poly(oxyethylene)-co-DL-lactic acid/glycolic acid).10 
Delivery systems can be mixable before use, such as 
Atridox®, an FDA-approved LDDS for doxycycline hyclate 
into the subgingival sites. One syringe contains the Atrigel® 
delivery system, which has 36.7% poly(DL-lactide) as a sol-
ute and 63.3% N-methyl-2-pyrrolidone as a solvent; another 
syringe holds 50  mg of  doxycycline hyclate. Mixing the 
components from the 2 syringes results in a viscous liquid 
with 10% doxycycline hycalte, which solidifies quickly and 
begins controlled release. Periofilm T® is a local delivery sys-
tem that consists of an antibiotic powder (100 mg of sodium 
piperacillin, 12.5  mg of  sodium tazobactam) and a  liquid 
(aminoalkyl methacrylate copolymer, ammonium metha
crylate copolymer, 95% ethanol, and purified water).11 The 
components should be mixed immediately before applica-
tion. Gelatinous formulations for the delivery of  minocy-
cline HCl are also commercially available, e.g., Dentomycin® 
in the European Union and Periocline® in Japan.3 Elyzol® 
Dental Gel is a popular delivery system for metronidazole. 
It is composed of a semi‑solid suspension of 25% metronida
zole benzoate in the mixture of glyceryl monooleate and sesa
me oil; its viscosity should increase after placement.1 One 
of  the microparticle-based subgingival delivery systems is 
Arestin™ – FDA-approved microspheres synthesized from 
poly(lactic-co-glycolic acid) (PLGA) for releasing minocy-
cline HCl sustainably inside periodontal pockets.12

Human insulin − the hormone of β cells in the Langerhans 
islets of the pancreas − consists of 2 peptide chains called 
A  and B, linked via 2  intermolecular disulfide bridges. 
Insulin receptors (IRs) are transmembrane receptors with 
tyrosine kinase activity, existing on almost every cell. The 
activation of the IR substrate by insulin binding initiates 
a  signaling cascade regulating the transport and usage 
of  glucose in the liver and other cells. Thereby, insulin 
stimulates sugar storage and amino acid synthesis in the 
liver. In addition, it controls ATP production and fatty 
acid synthesis in muscles and adipose tissue.13

Many scientists have long regarded insulin-like growth 
factors (IGFs) as major regulators of  cell proliferation, 
survival and organism growth, while insulin has been 
considered a dominant controller of  energy storage and 
usage. But some researchers deem this concept simplistic 
due to evidence that the roles of IGFs and insulin overlap 
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in several physiologic processes.14 In vitro studies have 
proven that insulin increases the proliferation and dif-
ferentiation of  wild-type osteoblasts by suppressing the 
Runx2 inhibitor Twist2,15 and simultaneously increases 
the markers of bone resorption.15,16

The healing of  the supporting alveolar bone, follow-
ing surgical or non-surgical periodontal therapy, passes 
through 3  sequential phases – inflammation, repair and 
remodeling. During the inflammation phase, some events 
can be distinguished as preparation for repair. Cells from 
myeloid and mesenchymal cell lineages are attracted to the 
area, and begin to differentiate into osteoblasts and chon-
droblasts.1 Evidence of  IGF-1 having an  anabolic role in 
bone is abundant in the literature, whereas evidence that 
its homolog – insulin – also plays such a role is still accu-
mulating. Pre-osteoblasts and osteoblasts possess different 
isoforms of IR, where IR-A is expressed in pre-osteoblasts 
and IR-B is expressed in osteoblasts. This specificity sup-
ports the idea that insulin is a  critical factor in the dif-
ferentiation of  osteoblasts from marrow stromal cells.17 
Interleukin 6 (IL-6) contributes to the mediation of chronic 
low-grade inflammation (including chronic periodontitis). 
It has been found in vitro to induce cellular insulin resis-
tance by inhibiting IR signal transduction,18 and increasing 
the expression and activity of insulin-degrading enzymes.19 
Thrailkill et al. bred mice with the osteoprogenitor-selective 
ablation of IRs.20 The prenatal elimination of IRs resulted in 
osteoblasts lacking 80% IRs, which in turn led to a decrease 
in the structural strength of the femur bone postnatally as 
compared with mice which had normal IRs. It therefore 
makes sense to investigate how effective the local delivery 
of insulin is in compensating for the cellular insulin resis-
tance caused by periodontitis, which could enhance the 
quality of bone repair with a cost-effective method.

A few in vivo and clinical trials have studied the local 
application of insulin to determine its safety and influence 
on wound healing,21–24 recovery from decubitus ulcers,25 
bone healing and regeneration,26,27 and the osseointegra-
tion of titanium implants.28 In these studies, researchers 
demonstrated that the local application of  insulin cor-
related with statistically significant acceleration in the 
variables studied. At the same time, the studies noted no 
adverse effects or significant differences in blood glucose 
levels before and after application.16,21,23–25,29 Paglia et al. 
reported greater acceleration in the early phase of bone 
healing in a non-diabetic, fractured Wistar rat model after 
local injections of  insulin.27 Wang et al. cultured bone 
marrow stem cells within nano-hydroxyapatite/collagen/
PLGA composite scaffolds, either loaded or not loaded 
with insulin, and observed higher rates of  osteogenesis 
and mineralization in the insulin-loaded ones, especially 
at the primary bone formation stage.26

The promising results of the local application of  insu-
lin mean it is a reasonable idea for us to design a delivery 
vehicle for insulin, with a view to investigating the effec-
tiveness of insulin in promoting periodontal regeneration 

after NSPT for periodontitis. Ideally, the vehicle should be 
capable of providing sustained release during the primary 
healing period after periodontal treatment (1–3 weeks30).

Particular interest in hydrogels still prevails, as bioma-
terials benefit from high water retention, effective mass 
transfer, similarity to natural tissues, and the ability to 
form different shapes.31 We chose 3  synthetic medical 
polymers – polyvinyl pyrrolidone (PVP), polyvinyl alco-
hol (PVA) and polyethylene glycol (PEG) – and a natural 
polymer (chitosan) on the basis of the long-term histori-
cal usage of these polymers in the pharmaceutical indus-
try, wound dressing and tissue engineering, which allows 
us to conclude that they meet the safety requirements, 
beside being bio-adhesive and biodegradable.32,33

In light of  the foregoing, the objectives of  the present 
in vitro study were to prepare various hydrogel formu-
lations, and then to define the following characteristics 
of each hydrogel after loading them with insulin: the hy-
drogel texture; syringeability; and the kinetics of  insulin 
release from the hydrogel into phosphate-buffered saline 
(PBS) over time.

Material and methods
This research was conducted at the Faculty of Dentistry 

of Tishreen University in Lattakia, Syria, and the Faculty 
of  Technical Engineering of  the University of  Tartous, 
Syria, between June and November 2019.

Material and equipment 

Chitosan (molecular weight (MW): 100,000–300,000 Da), 
87–89% hydrolyzed PVA (MW: ~31,000–50,000  Da) 
and PEG (average MW: 4,000 Da) were purchased from 
Acros Organics, Geel, Belgium. Protease-free PVP (MW: 
40,000 Da) was purchased from Thermo Fisher Scientific, 
Waltham, USA. Polyethylene glycol (MW: 10,000 Da) was 
obtained from Alfa Aesar/Thermo Fisher (Kandel) GmbH, 
Kandel, Germany. The regular human insulin solution 
(100 IU/mL) was from ASIA Pharmaceutical Industries, 
Aleppo, Syria. All other chemicals used were of analytical 
grade and were purchased from Loba Chemie Pvt Ltd., 
Mumbai, India.

The equipment we used included the V-630 UV-Vis 
spectrophotometer (JASCO Corporation, Tokyo, Japan), 
the LMS-2003D digital hotplate & stirrer (LabTech SRL, 
Sorisole, Italy); the ED224S analytical laboratory balance 
(Sartorius Lab Instruments GmbH & Co. KG, Goettingen, 
Germany), the PURELAB® Option-Q DV25 water treat-
ment system (ELGA LabWater, High Wycombe, UK), the 
Myr V1-R rotational viscometer (Viscotech Hispania SL, 
El Vendrell, Spain), the TopPette® single-channel pipettor, 
volume: 10–100 µL (Dragon Laboratory Instruments Ltd., 
Beijing, China), a pH meter, beakers, glass stirring rods, 
disposable syringes, and plastic specimen bottles.
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Preparation of hydrogels 

The chemicals underwent no further purification 
before usage. The chitosan hydrogel was prepared by scat-
tering the precursor into distilled water during magnetic 
stirring; then drops of  acetic acid were gradually added 
until chitosan completely dissolved. All the other hydro-
gels were blends of at least 2 polymers. Table 1 shows the 
components of  each formulation as weight percentage 
(wt%). The blends were prepared by dissolving the poly-
mers gradually one by one during magnetic stirring in 
heated water (60–90°C), which was left for half an hour 
after that to initiate copolymerization.

Loading insulin into the hydrogels 

After preparation, every hydrogel mixture was stored in 
a refrigerator (at a temperature of 2–8°C) for a minimum 
of 24 h to let it relax and to get rid of air bubbles. Then, in-
sulin loading was done by adding a specific volume of the 
regular human insulin solution (100 IU/mL) to the hydro
gel during magnetic stirring at ~250  rpm for 30  min. 
Hydrogel samples loaded with various insulin concentra-
tions were prepared. Table 2 presents the concentrations 
of insulin in the samples of each formulation.

Syringeability test 

A sufficient amount of each formulation was pulled into 
a  5-milliliter disposable syringe. After that, a  20-gauge 
needle was installed. Finally, the plunger was pressed to 
release the hydrogel. A  formulation was considered sy-
ringeable if it passed through the needle upon moderate 
pressure on the plunger.

Insulin release kinetics 

We prepared PBS following the 2006 Cold Spring 
Harbor protocol.34 Briefly, 8  g of  NaCl, 0.2  g of  KCl, 
1.8 g of Na2HPO4, and 0.24 g of KH2PO4 were dissolved 
in 800 mL of distilled water. The pH was adjusted to ~7.4 
(at a temperature of ~25°C) using the potassium hydroxide 
(KOH) solution. Finally, distilled water was added to reach 
a total volume of 1L.

The ultraviolet (UV)-absorbance method for determining 
and quantifying proteins is based on the absorbance of light 
at a  wavelength of  ~280  nm by the aromatic amino acids 
tryptophan and tyrosine, and by cysteine/disulfide-bonded 
cysteine residues in protein solutions.35 Hence, simple spectro
photometry without reagents can be used for the quanti
fication of insulin in pharmaceutical preparations.36,37 In our 
study, the wavelength corresponding to the maximum light 
absorbance by the insulin solute in PBS was determined from 
the UV-visible spectrum (the maximum absorbance was at 
270 nm). After that, a calibration curve was drawn depending 
on the UV absorbed by gradually increasing insulin concen-
trations (0.5–4 IU/mL), measured at 270 nm. The concentra-
tions of insulin in the samples were calculated by comparing 
their absorbance at 270 nm (A270) with the calibration curve.

In order to characterize the cumulative release of  the 
formulations, 4 g of each insulin-loaded formulation (the 
samples) and 4 g of the same formulation without insulin 
(the controls) were incubated separately in 15 mL of PBS 
in plastic bottles and stored in a  refrigerator (at  a  tem-
perature of 2–8°C). As the first step, the measurements 
of  insulin release were taken at an  average temperature 
of 5°C (the unified incubation condition) to compare the 
performance of different formulations. That was because 
storing regular insulin at 37°C, even for less than 1 month, 
can affect its stability.38 Later, the samples of the formu-
lation which showed the longest sustained-release inter-
val (F5 loaded with 2 IU/g of  insulin) were incubated at 
37 ±0.5°C and subjected to insulin release measurements. 
The release profiles for formulation F5 at the 2 incubation 
temperatures were compared schematically.

The measurements were performed as follows: after 1 day 
of incubation, 3 mL of both the control and the sample were 
withdrawn after rotating the bottles gently to measure A270, 
and then the withdrawn amounts were returned. The proce-
dure was repeated for each sample at a specified time every 
day until no more cumulative release was detectable. To 
calculate the UV absorbance of  insulin (IA270), the control 
A270 was subtracted from the sample A270. The concentration 
of  the released insulin in the sample (RIC) was calculated 
using equation (1) below, extracted from the calibration 
curve by applying the Beer–Lambert law:

  (1)

where:
RIC – released insulin concentration [IU/mL];
IA270 – UV absorbance of insulin.

Table 1. Composition of the hydrogel formulations (approximate wt%)

Formulation Water Chitosan PEG PVP PVA CaCl2.2H2O

F1 92.6 7.4 – – – –

F2 78.1 – 10.9* 7.8 3.2 –

F3 71.4 – – 14.3 14.3 –

F4 72.0 – – 13.9 13.9 0.15**

F5 66.8 – – 26.5 6.6 up to# 0.05**

PEG – polyethylene glycol; PVP – polyvinyl pyrrolidone; PVA – polyvinyl alcohol; 
* 7.8 wt% of PEG (MW: 4,000 Da) + 3.1 wt% of PEG (MW: 10,000 Da); 
** weight percentage of pure CaCl2.2H2O; # blends with different weight 
percentages (0.006 wt%, 0.018 wt%, 0.03 wt%, and 0.05 wt%) were prepared.

Table 2. Insulin concentrations in the samples of each hydrogel formulation

Formulation Insulin concentration [IU/g]

F1 2 3 4 5

F2 formulation excluded

F3 – 3 – –

F4 – 3 – –

F5 2 3 4 5
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Assuming that the concentration of insulin in the sam-
ple after the loaded insulin had been completely released 
was FC (FC = insulin load / total sample volume [IU/mL]), 
then the insulin cumulative release (ICR) from the date 
of incubation until the date of measurement would be cal-
culated from equation (2):

  (2)

where:
ICR – insulin cumulative release [%].

Results

Texture of the hydrogels 

Formulations F1, F3, F4, and F5 were honeycomb-like, 
thick liquids with a one-phasic, deposit-free, yellowish, trans-
lucent appearance (Fig. 1). Formulation F2 was a bi-phasic, 
thick liquid and had the bottom layer more viscous than the 
upper one. Therefore, it was considered heterogeneous and 
excluded from further characterization. As F5 demonstrated 
the most favorable insulin release profile, it was submitted 
to viscosity tests at 5 ±1°C and 37 ±1°C. The results were 
1,630 ±40 mPa.s and 1,180 ±30 mPa.s, respectively.

Syringeability 

All the formulations passed through a 20-gauge needle 
upon moderate pressure on the plunger, so they were 
regarded as syringeable.

Insulin release kinetics 

Calibration curve for the insulin solute  
in phosphate-buffered saline 

For the absorbance values measured using a range of in-
sulin concentrations between 0.5 and 4 IU/mL, the relation 
between the concentration and IA270 was linear (Fig. 2).

In vitro release of insulin

The cumulative release of insulin over time for different 
formulations is shown in Table 3. Generally, for the F1 sam-
ples, the greater the insulin load, the faster the  ICR was. 

Fig. 1. Appearance of hydrogels F1, F3, F4, and F5

Table 3. Cumulative release of insulin over time for different hydrogel formulations

Formulation Insulin load 
[IU/g]

Time [days]
1 2 4 6 8 10 12

ICR [%]

F1

2 44.00 ±3.8 95.15 ±2.3 100 – – – –

3 72.86 ±2.9 90.44 ±2.6 100 – – – –

4 98.34 ±2.8 100 – – – – –

5 81.65 ±3.1 100 – – – – –

F2 formulation excluded

F3 3 100 – – – – – –

F4 3 18.70 ±2.1 55.00 ±3.5 89.30 ±4.8 100 – –

F5

2 UD 11.43 ±1.8 – 44.5 ±2.3 – – 92.42 ±3.6

3 UD 13.47 ±2.2 36.87 ±5.1 – 80.00 ±2.4 99.42 ±1.0

4 UD 20.13 ±5.0 60.26 ±3.0 71.30 ±3.1 98.60 ±1.2

5 UD 26.60 ±2.3 64.35 ±4.6 78.23 ±4.1 99.27 ±0.8

ICR – insulin cumulative release; UD – undetectable. The ICR data is presented as M ±SD.

Fig. 2. Calibration curve for the insulin solute in phosphate-buffered saline 
(PBS) (n = 3) 

The UV-absorbance data is presented as mean (M) ± standard deviation (SD). 
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The  longest release time (in the 3  IU/g sample) was less 
than 4 days (Fig. 3). Formulation F3 exhibited the complete 
release of  the loaded insulin within 1  day, while F4 had 
a regular release profile up to 6 days (Fig. 4). The F5 samples 
with diverse insulin loads and 0.03 wt% of calcium chloride 
dihydrate (CaCl2.2H2O) released insulin faster when the 
insulin load was bigger. The longest release time (13 days) 
was for 2 IU/g (Fig. 5).

The weight percentage of  CaCl2.2H2O in formulation 
F5 had a significant effect on the insulin release profile. 
Among the percentages investigated in the present study, 
0.03 wt% gave the longest and most regular release profile 
(Fig. 6).

Formulation F5 containing 0.03  wt% of  CaCl2.2(H2O) 
and loaded with 2 IU/g of insulin showed a notable differ-
ence in the release kinetics in response to 2 different tem-
peratures of  incubation (5°C and 37°C), as illustrated in 
Fig. 7. At 37°C, the complete in vitro release of insulin was 
reached about 4 days faster (9 days compared to 13 days).

Discussion
Drug release from a matrix takes place through one or 

more of  the following mechanisms: diffusion, swelling, 
degradation, and erosion,39,40 which are matrix-affected. 
The kind and load of  the drug are factors influencing 
drug release.41 No wonder, then, that available LDDSs for 
periodontal therapy have different drug release kinetics. 
Clinical studies on Actisite reported concentrations 

Fig. 3. Cumulative release profiles of insulin for the F1 samples with 
different insulin loads (n = 3) 

The ICR data is presented as M ±SD. 

Fig. 4. Cumulative release profile of insulin for the F4 samples loaded with 
3 IU/g of insulin (n = 3) 

The ICR data is presented as M ±SD. 

Fig. 5. Cumulative release profiles of insulin for the F5 samples with 
different insulin loads (n = 3) 

The ICR data is presented as M ±SD. 

Fig. 6. Cumulative release profiles of insulin for the F5 samples with 
different CaCl2.2H2O contents, loaded with 3 IU/g of insulin (n = 3) 

The ICR data is presented as M ±SD. 

Fig. 7. Cumulative release profiles of insulin for the F5 samples 
(0.03 wt% CaCl2.2H2O, 2 IU/g of insulin) at 2 different temperatures 
of incubation (5°C and 37°C) (n = 3)

The ICR data is presented as M ±SD. 
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of tetracycline HCl higher than 1,000 µg/mL for a period 
of 10 days.7 PerioChip showed the burst release of about 
40% of  the chlorhexidine content in the first 24  h after 
application, followed by constant release for 7  days.9 
Ligosan is claimed to reach 12 days of doxycycline release 
subgingivally.10 The performance of  Atridox in terms 
of  chlorhexidine release was similar to PerioChip, as 
demonstrated by clinical studies with effective antimicro-
bial concentrations measured in GCF up to 7 days.42 The 
subgingival application of  0.05  mL of  Dentomycin oint-
ment in a clinical trial led to concentrations of minocy-
cline in GCF reaching 1,300 µg/mL after 1 h, but reduced 
to 90 µg/mL after 7 h.43 In a  trial including 12 patients, 
Elyzol Dental Gel was applied once into pockets ≥5 mm 
and metronidazole was detectable in GCF for 36 h, but its 
concentration was higher than the minimum inhibitory 
concentration (1 µg/mL) for only 12 h.44 Arestin achieved 
concentrations of  minocycline in GCF >1  μg/mL up to 
14 days.12

Local drug delivery systems that have higher cross-
linked drug carrier matrices, such as non-absorbable 
LDDSs, films and chips, seem to achieve relatively long
er release intervals. On the other hand, non-absorbable 
LDDSs need a  second appointment for removal. Fibers, 
films and chips can be tricky to insert into some pockets. 
Many LDDSs offer initial burst release (e.g., PerioChip). 
The use of microparticle-based techniques (e.g., Arestin) 
can overcome these disadvantages, although they entail 
more complicated procedures, hence higher costs. A few 
LDDSs have short release intervals (e.g., Dentomycin and 
Elyzol). The LDDS designed in this study for the local de-
livery of insulin took good advantage of the abilities of the 
hydrogel to entrap and release materials, which can be 
modulated simply by physically blending many polymers 
and other additives together until the desired release pro-
file is obtained.

Since sufficient viscosity is mandatory for hydrogels to 
be able to entrap molecules,45 in addition to being needed 
to prevent the hydrogel from leaking from the injection 
site, we dissolved greater quantities of  the precursor as 
a  strategy to increase viscosity during the preparation 
of  the hydrogel. However, the viscosity of  the hydrogels 
was adjusted so that they were injectable. Also, blending 
many polymers together helped to fine-tune drug release 
kinetics. Still, the bi-phasic texture of  F2 seems consis-
tent with what Inamura et al. indicated about the repul-
sive interactions and incompatibility of the PEG/PVA and 
PEG/PVP polymer pairs in water,46 which can eventually 
cause liquid-liquid phase separation in the solution.

The link between increased insulin loads and acceler-
ated release could be explained by more insulin-to-insulin 
weak bonds forming at the expense of polymer-to-insulin 
bonds. The effect of  the addition of CaCl2.2H2O on the 
insulin release profiles of  PVP/PVA blends is similar to 
its influence posited by Rambabu and Velu on the dye re-
jection of  polyethersulfone ultrafiltration membranes.47 

This may be ascribed to the steric hindrance initiated by 
polymer-to-calcium chloride bonds. Steric hindrance re-
stricts the diffusion of the drug from the hydrogel. It also 
restricts the diffusion of water into the hydrogel, which is 
responsible for the hydrolysis of drug-to-polymer bonds. 
Another possible mechanism is that calcium ions form 
adsorption sites for insulin molecules, making their out-
diffusion slower.

Conclusions
The results of the present study allow the authors to ratio-

cinate that a linear copolymer-hydrogel composed of PVP, 
PVA and CaCl2.2H2O can provide the sustained release 
of insulin (in vitro) for a reasonable period. Insulin release 
intervals can be fine-tuned by changing one or more of the 
following determinants, which were found to affect the in-
sulin release profile: the hydrogel composition, the insulin 
load and the CaCl2.2H2O content. The design presented 
may perhaps be beneficial for the local delivery of insulin in 
patients with periodontitis, as an adjunct to NSPT.
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Abstract
Background. Oxidative stress has been identified as a predisposing factor for dental caries. Saliva, as a rich 
source of antioxidants, plays an essential role in the protection against dental caries. Salivary enzymatic 
antioxidants include superoxide dismutase (SOD), catalase (CAT) and glutathione peroxidase (GPx).

Objectives. The aim of this study was to evaluate the correlation of salivary enzymatic antioxidant activity 
with different levels of dental caries in children. 

Material and methods. In this cross-sectional study, 90 healthy children aged 7–12 years (36 girls, 
54 boys) were investigated. Demographic information was gathered and dental examinations were pro-
vided for all participants. Then, unstimulated whole saliva samples were collected in the morning. The 
salivary SOD, CAT and GPx activity was measured spectrophotometrically. For statistical analysis, Spear-
man’s correlation test, the Mann–Whitney U test and the Kruskal–Wallis test were used with the SPSS for 
Windows software, v. 16.

Results. Our results showed no significant correlation between SOD, CAT and GPx and the decayed, miss-
ing, filled teeth index for permanent/primary dentition (DMFT/dmft). The CAT activity was elevated in pro-
portion to the number of decayed teeth. The SOD activity showed a positive correlation with the frequency 
of tooth brushing. The activity of SOD, CAT and GPx was higher in boys than in girls. An inverse relationship 
between enzymatic antioxidant activity and age was also observed.

Conclusions. Although enzymatic antioxidants had no positive correlation with DMFT/dmft, they were posi-
tively correlated with the number of decayed teeth and the improvement of oral hygiene.

Key words: dental caries, saliva, oral hygiene, enzymatic antioxidant
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Introduction
Dental caries is a dynamic and continuous process. It 

involves repeated cycles of demineralization by the acidic 
metabolites produced through the fermentation process 
of dietary carbohydrates of microbial origin, followed by 
remineralization by salivary components. Bacterial infec-
tion is one of the main etiologic factors for dental caries. 
The substrate and the host are also crucial factors for 
the initiation of the caries process. Clinical studies have 
shown that saliva, as a host factor, plays an essential role in 
the progression or regression of oral diseases, and in some 
cases, it regulates them. It is well established that the sali-
vary protective mechanisms control the process of dental 
caries to a great extent.1 Saliva is a heterogeneous liquid 
and a multifunctional natural defense system. It is a rich 
source of antioxidants, which play an important role the 
protection against bacteria, viruses and fungi, also with 
regard to the mucosa and tooth surfaces.2,3 

Several studies have been done to identify the com-
ponents of  the natural defense system for the teeth and 
the oral mucosa.4–6 Oxidative stress occurs as a  result 
of an  imbalance between reactive oxygen species (ROS) 
and the antioxidant system. It has been identified as one 
of the essential predisposing factors for many oral inflam-
matory conditions.6,7 Oxidative stress directly affects the 
underlying mechanisms which induce the intracellular 
signals leading to the growth and differentiation of cario-
genic bacteria.8 Recent studies provided documentation 
indicating the elevation of oxidative damage biomarkers 
in the saliva of patients with periodontal diseases and den-
tal caries,2 but it is not yet known whether the elevation 
of  these biomarkers is due to the increased production 
of  ROS or antioxidant deficiency. Interventional studies 
on humans and animal models showed the beneficial ef-
fect of  supplementation with antioxidants to prevent or 
reduce the progression of periodontitis.3,5,9 

The salivary antioxidant system contains both enzy-
matic and non-enzymatic antioxidants. The enzymatic 
antioxidant defense system includes superoxide dis-
mutase (SOD), catalase (CAT) and glutathione peroxi-
dase (GPx).10 Enzymatic antioxidants make up the first 
line of antioxidant defense. They inhibit the release of pri-
mary free radicals and other following chemical chain re-
actions.10 

Superoxide dismutase is an  antioxidant enzyme that 
catalyzes 2 superoxide anion molecules to hydrogen per-
oxide (H2O2) and oxygen (O2) molecules.10 This enzyme 
is essential for cellular health and body protection against 
free radicals. The SOD levels decrease with age. A daily 
intake of SOD supplements has been shown to improve 
the immune system potential and reduce the chances 
of disease.10 

Glutathione peroxidase is another enzymatic anti-
oxidant that plays an essential role in neutralizing H2O2 

produced through the SOD dismutation process.11 

It  is  mainly found in mitochondria, and sometimes in 
cytosol. Glutathione peroxidase breaks down H2O2 into 
water as well as lipid peroxides into their relevant alcohols.12 
It also plays an important role in the prevention of cancer 
and cardiovascular diseases.10 

Catalase is a ubiquitous antioxidant enzyme, found in 
almost all living organisms using oxygen. It has a second-
ary role in defense against peroxidative agents.13 This en-
zyme catalyzes H2O2 produced through the dismutation 
process to water and O2 molecules, thus completing the 
detoxification process after SOD. Patients with CAT de-
ficiency (acatalasemia) are more likely to develop type 2 
diabetes mellitus.10 

It has been shown that imbalances in the SOD, CAT and 
GPx ratios can lead to disease.13–15 Hendi  et  al. showed 
decreased SOD activity and increased CAT and GPx ac-
tivity in children with dental caries as compared to those 
without caries.4 It has been suggested in recent years that 
salivary oxidative stress markers could be used to screen 
and control oral diseases, including dental caries.3 The 
evaluation of  these salivary markers could help identify 
patients who are reluctant to undergo regular dental exa
minations or are at high risk for dental caries; addition-
ally, these markers offer useful information concerning 
the development of  new preventive and treatment mo
dalities.3,5,6 Also, the availability and non-invasiveness 
of these techniques are good reason to use saliva as a dia
gnostic biological fluid to evaluate diseases.2 Previous 
studies showed that the antioxidant status of  saliva, es
pecially in children, may reflect the risk for dental caries.16 
Considering the relationship between antioxidants and 
the caries process, and the feasibility of  the analysis 
of  salivary enzymatic antioxidants, this study aimed to 
evaluate salivary enzymatic antioxidant levels in children 
with caries.

Material and methods

Patient selection 

This cross-sectional study was carried out in 2019 in 
Sanandaj, Iran. Clinical unstimulated salivary samples 
were collected from 90 healthy children aged 7–12 years. 
This age group has more experience of dental caries.17 The 
sample size was determined based on previous studies.2,6 
Children whose parents received a complete explanation 
about the aims and methods of the study, and then signed 
written consent were included in the study. The inclusion 
criteria of this study were similar to those previously re-
ported by others.2,7 Children who had a history of a sys-
temic or local disease affecting salivary secretion and/or 
received antifungal agents, antihistamines, corticosteroids, 
nonsteroidal anti-inflammatory drugs (NSAIDs), anti-
microbial mouthwashes, or other long-term medications 
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or supplements for at least 1 month before the study were 
excluded. Demographic information was gathered and 
dental examinations were provided for all participants. 
The dental caries index was determined according to the 
World Health Organization (WHO) criteria using a dental 
mirror and an explorer 24 h before sampling.

This study was approved by the ethics committee 
of Kurdistan University of Medical Sciences in Sanandaj, 
Iran, under IR.MUK.REC.1397/230.

Collection of saliva 

Unstimulated salivary samples were collected between 
9 a.m. and 12 a.m., at least 2 h after the last episode of eat-
ing or drinking to reduce any variability resulting from 
the effect of the circadian rhythm or possible stimulation. 
Generally, unstimulated saliva contains basal and normal 
components of  saliva that is secreted into the oral cavi
ty during the day. The children were asked to rinse their 
mouths with distilled water to remove any food debris 
before the salivary samples were collected. They were 
also asked to sit quietly on a chair and bend their head 
slightly downward without any masticating movement to 
allow saliva to flow from the lower lip into sterile tubes 
passively. This draining protocol is more reliable and re-
quires no stimulation.18 Finally, 5  mL of  saliva was col-
lected in appropriately numbered tubes by means of the 
abovementioned method. The tubes were then tightly 
sealed to prevent contamination or evaporation, placed 
on an ice pack and sent to the laboratory within an hour. 
The salivary samples were centrifuged at 4,000 rpm for 
4 min at 4°C. The supernatants were divided in 2 aliquots, 
and then stored at −80°C until final analysis.

Measurement of enzymatic antioxidant 
activity 

Superoxide dismutase activity 

The SOD activity of  the separated salivary samples 
was measured using an  appropriate assay kit (CAT 
No. ZB-SOD-96A; ZellBio GmbH, Lonsee, Germany). In 
brief, in this method, H2O2 produced during the enzymatic 
reaction combines with the chromogen component of the 
kit to provide a complex. Its optical density (OD) was mea-
sured in the samples and blank at 420 nm within 0- and 
2-minute time intervals with a microplate reader (Synergy 
HTX; BioTek Instruments Inc., Winooski, USA). Finally, 
the SOD activity in the subjects’ salivary samples was re-
ported in U/mL as mean (M) ± standard deviation (SD).

Catalase activity 

The CAT activity of  the separated salivary sam-
ples was measured using an  appropriate assay kit 

(CAT  No.  ZB-CAT-96A; ZellBio GmbH). In brief, in 
this method, a two-step reaction is used to measure the 
enzymatic activity. In the 1st step, the patients’ and blank 
samples were incubated with a certain amount of H2O2 
for 1 min. In this reaction, H2O2 dissociates into water 
and O2. The rate of H2O2 dissociation was proportional 
to the CAT concentration in the samples. In the 2nd step, 
the residual H2O2 reacts with the existing chromogen 
to form a  complex. Its OD was measured in the sam-
ples and blank at 405 nm after 1 min with a microplate 
reader (Synergy HTX; BioTek Instruments Inc.). Finally, 
the CAT activity in the subjects’ salivary samples was re-
ported in U/mL as M ±SD.

Glutathione peroxidase activity 

The GPx activity of  the separated salivary samples 
was measured using an  appropriate assay kit (CAT 
No.  ZB-GPX-96A; ZellBio GmbH). In brief, in this 
method, a  two-step reaction was used to measure the 
enzymatic activity. In the 1st step, the samples, con-
trol and blank were incubated with a  certain amount 
of glutathione (GSH) for 5 min. In this reaction, GSH 
is oxidized to glutathione disulfide (GSSG) through the 
activity of GPx of the samples and control. The amount 
of  the consumed GSH was proportional to the GPx 
concentration in the samples. In the 2nd step, the re-
sidual GSH reacts with the existing chromogen in the 
kit (Pierce Ellman’s Reagent (DTNB); Thermo Fisher 
Scientific, Waltham, USA) to form a yellow complex. Its 
OD was measured at 412 nm after 1 min with a micro
plate reader (Synergy HTX; BioTek Instruments  Inc.). 
Finally, the GPx activity in the salivary samples was re-
ported in U/mL as M ±SD.

Statistical analysis 

Data was expressed as M ±SD. Statistical analysis was 
performed using the SPSS for Windows software, v. 16.0 
(SPSS Inc., Chicago, USA). For statistical analysis, Spear-
man’s correlation test, the Mann–Whitney U test and the 
Kruskal–Wallis test were used with the software. Statisti-
cal significance was set at p < 0.05.

Results
In this cross-sectional study, 90 children aged 7–12 years 

participated. Thirty-six (40%) of  them were girls and 
54 (60%) were boys. Since the children had mixed dentition, 
the average caries index was calculated based on the sum 
of the decayed, missing, filled teeth in permanent/primary 
dentition (DMFT/dmft). This index was 7.17 ±3.56 in our 
study. No significant correlation was established between 
the SOD, CAT and GPx activity and DMFT/dmft (p > 0.05) 
(Fig. 1A,1C,1E).
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The CAT activity showed a  positive correlation with 
the total number of  decayed teeth (r  =  0.24; p  =  0.02) 
(Fig. 1D), but the SOD and GPx activity showed no cor-
relation (r = 0.04; p = 0.60 and r = −0.07; p = 0.50, respec-
tively) (Fig. 1B,1F).

Spearman’s correlation test showed a positive correla-
tion between the SOD activity and the frequency of tooth 
brushing; the positive direction of  the relationship indi-
cates that the SOD activity increases with increased tooth 
brushing frequency (p = 0.03) (Fig. 2A). The CAT and GPx 

activity was not correlated with the frequency of  tooth 
brushing (p  >  0.05) (Fig.  2B,2C).The Mann–Whitney 
U  test showed no significant differences in the activity 
of  enzymatic antioxidants between genders (p  >  0.05). 
The test showed higher values of the SOD, CAT and GPx 
activity in boys in comparison with girls, but the differ-
ences were statistically nonsignificant (Table 1). As shown 
in Fig. 3A–C, there was an inverse relationship between 
the SOD (r = −0.04; p < 0.001), CAT (r = −0.07; p < 0.001) 
and GPx (r = −0.08, p < 0.001) activity and age.

Fig. 1. Associations between salivary enzymatic antioxidants and the decayed, missing, filled teeth in permanent/primary dentition index (DMFT/dmft) 
as well as the decayed teeth

A – SOD activity and DMFT/dmft; B – SOD activity and the decayed teeth; C – CAT activity and DMFT/dmft; D – CAT activity and the decayed teeth;  
E – GPx activity and DMFT/dmft; F – GPx activity and the decayed teeth.  
SOD – superoxide dismutase; CAT – catalase; GPx – glutathione peroxidase; * statistical significance (p < 0.05; Spearman’s correlation test).
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Table 1. Comparison of the activity of the salivary antioxidants between 
the genders (Mann–Whitney U test)

Antioxidant Male Female p-value

SOD [U/mL] 8.14 ±1.49 8.05 ±1.38 0.641

CAT [U/mL] 8.39 ±7.26 7.06 ±6.89 0.447

GPx [U/mL] 112.42 ±103.37 90.08 ±65.43 0.516

Data presented as mean (M) ± standard deviation (SD). 

Fig. 2. Correlation between salivary enzymatic antioxidants and tooth 
brushing frequency

A – salivary SOD activity and tooth brushing frequency; B – salivary CAT 
activity and tooth brushing frequency; C – salivary GPx activity and tooth 
brushing frequency. 
* statistical significance (p < 0.05; Spearman’s correlation test).

Fig. 3. Association between salivary enzymatic antioxidants and age

A – SOD activity and age; B – CAT activity and age; C – GPx activity and age.  
* statistical significance (p < 0.001; Spearman’s correlation test).
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Discussion
In the present study, there was no significant rela-

tionship between the SOD activity and DMFT/dmft. 
Hendi  et  al. reported a  decrease in the SOD activity in 
children with caries as compared to children without 
caries.4 In contrast, some studies showed that the sali-
vary SOD activity in children with severe early childhood 
caries (S-ECC) is higher than in children without caries.2,6 
Silva et al. showed that the salivary SOD activity in chil-
dren with S-ECC was significantly higher than in children 
without caries.6 Hedge  et  al. reported a  significant in-
crease in the salivary SOD activity in the group with 
DMFT >10 as compared to DMFT = 0.2 The most impor-
tant reason for the differences between our results and the 
abovementioned studies might be the sampling methods 
and techniques used. In those case–control studies, the 
enzymatic activity was compared between 2 groups with 
great DMFT differences. This may explain their signifi-
cant results.2,6 In contrast, in our cross-sectional study, 
children with varying degrees of  dental caries were not 
divided into different groups due to the small sample size 
of the caries-free group.

In the present study, a significant and positive associa-
tion was observed between the CAT activity and the num-
ber of decayed teeth, like in the study done by Hendi et al.4 

Our results showed no significant relationship between 
the salivary GPx activity and DMFT/dmft. This find-
ing is consistent with the results of  Hedge  et  al.11 They 
also observed no significant difference in the GPx acti
vity of subgroups with different DMFT/dmft (DMFT < 3; 
3 < DMFT < 10; and DMFT > 10). However, they showed 
a  significant increase in the salivary GPx activity in the 
group with active caries as compared to the caries-free 
group.11 In our study, such a comparison was not made 
due to the small number of caries-free subjects.

Previous studies reported a significant elevation of the 
salivary total antioxidant capacity (TAC) in patients with 
an advanced form of caries (cavitated lesions) in compari-
son with a non-caries group.2,8,19,20 Furthermore, the ele
vation of TAC in children with a high caries rate may be 
due to the colonization of microorganisms as well as the 
stimulation of  the immune system, which consequently 
results in the body’s compensatory reaction to reduce 
oxidative stress.6 Tóthová et al. showed that an improve-
ment in the clinical parameters of the Oral Hygiene Index 
(OHI) reduced the concentrations of thiobarbituric acid 
reacting substances (TBARS) as markers for increasing 
TAC.3 In the present study, the SOD activity increased 
with the increased frequency of tooth brushing whereas 
there was no relationship between the CAT and GPx ac-
tivity and the tooth brushing frequency.

Several studies have also shown a  positive relation-
ship between periodontal parameters and enzymatic 
antioxidants. Novaković  et  al. showed increased SOD 
and GPX activity in patients with chronic periodontitis 

after non-surgical treatment.21 An  in vitro study also 
showed that the SOD and CAT activity diminished 
with the increasing depth of the sulcus in periodontal 
patients.22 A  medication with liposome-encapsulated 
SOD improves the healing process by reducing perio
dontal inflammatory reactions. However, such an effect 
was not observed in the case of liposome-encapsulated 
CAT.22 

Our study showed there was a  reduction in the acti
vity of SOD, CAT and GPx with age. This relationship 
is weaker for SOD in comparison with CAT and GPx. 
To  support this finding, there are studies that show 
a positive relationship between age and TAC. For exam-
ple, Tóthová et al.16 and Hegde et al.23 showed the eleva-
tion of TAC with age in 4–18-year-old children and in 
children aged <71 months as well as in 6–12-year-olds, 
respectively. In contrast to the abovementioned studies, 
Kumar et al. showed no significant relationship between 
the children’s age (age range: 3–5 years) and TAC.19 

In our study, the activity of  SOD, CAT and GPx was 
not significantly different between genders. In contrast 
to this finding, the results of  Ahmadi-Motamayel  et  al. 
showed higher TAC in boys than in girls in the age range 
of 15–17 years.24 Moreover, Hendi et al. reported lower 
CAT activity and higher GPx activity in the female group 
as compared to the male group.4 Since the performance 
of  the antioxidant system generally depends on various 
factors, including TAC, the amount of  the released free 
radicals, genetics, diet, age, hormones as well as indivi
dual stress,25 differences in the results of various studies 
may be attributed to differences in those factors.23 Finally, 
more clinical and laboratory studies are also needed to 
clarify the complete relationship between enzymatic anti
oxidants and dental caries.

Conclusions
In conclusion, since few studies have been carried out 

on enzymatic antioxidants and dental caries, the present 
study has provided new insights about the activity of en-
zymatic antioxidants in children with varying degrees 
of dental caries. The CAT activity increased with an in-
crease in the number of decayed teeth. The SOD activity 
was positively correlated with the tooth brushing fre-
quency. There was a decrease in the SOD, CAT and GPx 
activity with advancing age. The activity of SOD, CAT and 
GPx activity was higher in boys than in girls.

Since the frequency of  tooth brushing was evaluated 
as one of the indicators of oral health, further studies are 
needed to determine the exact relationship between the 
salivary enzymatic antioxidant activity and the oral hy-
giene score. Also, further extensive studies with larger 
sample sizes are required, which might lead to some sig-
nificant results. Moreover, case–control studies are sug-
gested in the future.
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Abstract
Background. Root canal disinfection includes mechanical, chemical and biological struggle against 
microorganisms (MOs). Photodynamic therapy (PDT) and nanoparticle (NP) agents may be proposed 
as an alternative for use against intracanal infections due to their ability to disrupt biofilm and prevent 
bacterial adhesion to dentin. The use of NP agents in combination with light/photosensitizer (PS) agents 
increases the efficiency of PDT in root canal disinfection.

Objectives. The aim of the study was to evaluate the effect of light application – PDT – on the antibacte-
rial activity of the combination of a PS agent (toluidine blue O –TBO) and an NP agent (silver nanoparticles 
– AgNPs) for the disinfection of the root canals inoculated with Enterococcus faecalis (E. faecalis). 

Material and methods. In this study, concentrations of 20 ppm of TBO and 10 ppm of AgNPs, which 
showed the highest antibacterial activity against E.  faecalis in the TBO/AgNPs combination, were used 
according to the preliminary studies. After instrumentation, 120 human, single-rooted, straight-canal 
mandibular premolars of a standard length of 13 mm were contaminated with bacteria, and experimental 
procedures were conducted against 21-day-old mature biofilm. The teeth were randomly divided into 
5  main experimental groups: TBO/light; AgNPs; TBO/AgNPs; AgNPs/light; and TBO/AgNPs/light. Then, 
these main groups were divided into 2 subgroups each, according to the 2 application time periods (30 s 
and 60 s) (n = 10). The remaining 20 teeth constituted positive and negative control groups. The data 
was analyzed with the Kolmogorov–Smirnov test, one-way analysis of variance (ANOVA), Tukey’s honestly 
significant difference (HSD) test, and the Bonferroni correction.

Results. The NaOCl group provided a bacterial reduction that was higher than in all other groups in a sta-
tistically significant manner. Light application on the TBO/AgNPs combination was the group that provided 
the highest bacterial reduction after NaOCl.

Conclusions. The photoactivation of the TBO/AgNPs combination led to an increase in the effect of PDT, 
and it has the potential to be used as an adjunct for disinfection of the root canal system.

Key words: silver nanoparticles, photodynamic therapy, root canal disinfection
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Introduction
One of  the main purposes of endodontic treatment is 

to completely eliminate microorganisms (MOs) from root 
canals.1 Root canal disinfection with mechanical cleaning 
and irrigation with antimicrobial agents is important to 
achieve this aim. However, according to the literature, 
current disinfection techniques cannot completely elimi­
nate the microbial flora from the infected areas.2–4 To 
improve the antimicrobial effect, innovative delivery sys­
tems are needed.

Since photodynamic therapy (PDT) increases microbial 
decontamination after chemomechanical preparation, 
it is recommended as an  adjunct for endodontic treat­
ment.5–8 Nontoxic photosensitizer (PS) agents, such as 
toluidine blue O (TBO), and irradiation at an appropri­
ate wavelength are used in PDT.9–11 The photosensitizer, 
which is activated by irradiation, reacts with molecular 
oxygen in order to produce highly reactive oxygen species 
(ROS), which lead to the damage and death of MOs.12 The 
photosensitizer binds to the cell membranes of the bacte­
ria, then it leads to singlet oxygen generation as a result 
of irradiation, and bacterial death takes place as a result 
of the degradation of the bacterial wall with singlet oxy­
gen.13

One of  the subjects that researchers have recently 
focused on is the use of  nanoparticles (NPs) for anti­
microbial purposes, since endodontic treatment and novel 
techniques, such as PDT, cannot ensure complete success 
in bacterial elimination.14–17 Nanoparticles such as chito­
san,18 magnesium oxide,19 zinc oxide,20 quaternary am­
monium polyethylenimine,21 poly(lactic-co-glycolic acid) 
(PLGA),22 and silver nanoparticles (AgNPs)15,16 have been 
researched in order to increase the efficacy of root canal 
disinfection.

Silver nanoparticles have at least 1 dimension that 
is between 1 and 100 nm, and the surface area–volume 
rate considerably increases with the decreasing particle 
dimension. This condition results in significant changes 
in physical, chemical and biological characteristics.23 Its 
antimicrobial effect is attributed to the strong oxidative 
activity of  the surfaces of  AgNPs and the release of  Ag 
ions (Ag+) in biological environments.24 The antibacte­
rial, antifungal, antiviral, and anti-inflammatory activity 
of  AgNPs has recently attracted great attention in 
biomedical practices.23

One of  the most important advantages of  nanomate­
rials is the potential for improving drug delivery in order 
to provide the maximum therapeutic effect in the target 
area.25 Nanoparticles that are functionalized with PSs en­
able physicochemical advantages, such as target cell se­
lectivity, increasing the uptake of PS in cells, reducing the 
leakage of PS from the target cells, and allowing the con­
trolled release of ROS.14 Combinations such as chitosan 
NPs functionalized with rose bengal (RB), which is a PS 
agent,14 and methylene blue (MB)-loaded PLGA  NPs22 

have been used for this purpose. However, to the best 
of  our knowledge, there is no study assessing the effect 
of photoactivation on the combination of TBO and AgNPs 
in the literature.

The aim of this study was to research the amount of anti­
bacterial activity increment achieved through light appli­
cation on the combination of a PS agent – TBO and an NP 
agent – AgNPs on the 3-week-old mature Enterococcus 
faecalis (E. faecalis) biofilm formed experimentally on the 
extracted human teeth. The study hypothesis was that 
light application on the TBO and AgNPs combination 
does not have any additional antibacterial effect as com­
pared to the separate usage of PDT and AgNPs.

Material and methods
Ethical approval for this study was obtained from the 

Research Ethics Committee of  Akdeniz University in 
Antalya, Turkey (No. 70904504/147).

Synthesis and characterization of silver 
nanoparticles 

A total of  0.21  g of  highly pure silver nitrate (Merck, 
Kenilworth, USA) was dissolved in 20.79  g of  distilled 
water, and then diluted with 44.8  g of  distilled water. 
An amount of 0.68 g of the diluted polyvinylpyrrolidone 
(Sigma-Aldrich, St. Louis, USA) solution (10 wt%, diluted 
with water) was added dropwise into the Ag solution. 
An  amount of  0.1568  g of  potassium bromide (Sigma-
Aldrich) was dissolved in 66.52  g of  distilled water in 
a  separate container, and then added dropwise into the 
Ag-polyvinylpyrrolidone solution; the obtained mixture 
was stirred for 5  h at room temperature. This final 
mixture had an Ag concentration of 1,000 ppm and was 
used as a  basis to prepare solutions in the subsequent 
experiments. Distilled and sterilized water was used to 
dilute the main 1,000 ppm AgNPs solution.

Preliminary studies 

Toluidine blue O, AgNPs and their combination were 
used in the operation of the experimentally infected root 
canals of the extracted teeth. Before the experiment, pre­
liminary studies were performed in order to determine 
which concentration produced the optimum effect of the 
photoactivation of  each combination. Antibacterial effi­
cacy was tested on a planktonic E. faecalis culture (ATCC 
29212). Primarily, in order to determine to what extent 
NPs were superior to Ag+, 10 ppm of the Ag+-containing 
silver nitrate solution (in distilled water) and 10  ppm 
of  the AgNPs solution were prepared, and efficacy tests 
were done. It was found that when PDT was not applied 
to the samples with a bacterial density of 1 × 104 CFU/mL, 
the antibacterial activity of  AgNPs was about 6% lower 
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than that of Ag+ and, on the contrary, when PDT was ap­
plied with a  30-second duration, the activity of  AgNPs 
was about 20% higher than in the case of Ag+.

Subsequently, the TBO/AgNPs rates to be used with 
PDT were studied. When the concentration of  AgNPs 
in the 20 ppm TBO solution was increased from 5 ppm 
to 10  ppm, a  reduction in the bacterial load rose from 
99.7% to 99.9%. On the other hand, when the concentra­
tion of AgNPs was increased to 20 ppm, a reduction in the 
bacterial load fell to 91%. As expected, in the control sam­
ples there was not any reduction. In preliminary trials, 
due to the highest amount of  reduction being achieved 
with 20  ppm TBO + 10  ppm AgNPs, it was decided to 
continue further studies with this TBO/AgNPs rate.

Selection and preparation of tooth samples 

One hundred and thirty mature mandibular premolars 
with straight root canals, extracted for periodontal and/or 
prosthetic reasons, were obtained with written informed 
consent. Digital radiographs were taken from mesiodistal 
and buccolingual directions in order to check if the teeth 
had the desired anatomic structures, and it was confirmed 
that they had single canals. The teeth were stored in the 
thymol solution until required.

The crowns of  the teeth were removed under wa­
ter with a  low-speed diamond saw (Komet USA, Rock 
Hill, USA) to obtain a root height of 13 mm. This stan­
dard length allowed root canal shaping and disinfection 
strategies to be performed under similar conditions for 
all samples. A  K-file size 10 (Micro-Mega, Besançon, 
France) was inserted into the root canal until the tip of 
the file was visible at the apical foramen, and the work­
ing length (WL) was determined by subtracting 1 mm 
from this length. The preparation of  root canals was 
performed with the ProTaper® Universal nickel-titanium 
rotary files (Dentsply Maillefer, Ballaigues, Switzerland) 
in accordance with the manufacturer’s instructions, using 
the crown-down preparation technique. Files SX, S1, S2, 
F1, F2, F3, and F4 were used respectively according to 
the recommended speed and torque adjustments. Root 
canal shaping was completed when the master apical 
file was F4. During shaping, root canals were irrigated 
with 2.5 mL of 2.5% NaOCl after each file change, using 
a standard dental needle with a 27-gauge tip. Final irriga­
tion was performed using 5  mL of  17% EDTA solution 
(Calasept EDTA; Nordiska Dental, Ängelholm, Sweden) 
for 2 min, 2 mL of 2.5% NaOCl and 5 mL of saline. The 
teeth were maintained in saline for 5 days to eliminate re­
sidual NaOCl. Root canals were dried with the ProTaper 
F4 paper points (Dentsply Maillefer). The apical fo­
ramina of  the teeth were sealed with light-polymerized 
flowable composite resin (CLEARFIL MAJESTY™ Flow; 
Kuraray Noritake Dental Inc., Okayama, Japan) in order 
to prevent bacterial leakage and irrigant overflow. Two 
layers of nail polish were rigorously applied on the root 

surfaces of  the teeth. Then, the samples were sterilized 
in ethylene oxide. After sterilization, 5 samples were ran­
domly selected in order to confirm the complete elimi­
nation of bacteria and the removal of smear layers with 
scanning electron microscopy (SEM).

Cultivation of Enterococcus faecalis  
and root canal contamination 

All microbiological procedures in this study were con­
ducted under aseptic conditions and in a  laminar flow 
cabinet. An E. faecalis strain (ATCC 29212) was used as 
the test bacteria in the study. The E. faecalis were taken 
from frozen stocks. The cultures were maintained by be­
ing subcultured in broth that contained trypticase soy 
agar, and the strain was inoculated in blood agar. The cul­
tures were prepared by being incubated for 24 h at 37°C 
in a  micro-aerofilic environment. The number of  cells 
was adjusted in a spectrometer device (the Cary 5000 Bio 
UV-Vis spectrophotometer; Varian Medical Systems, Palo 
Alto,  USA) according to their optical density so that 
108 cells in every mL of  the broth were included. These 
measurements were performed at a wavelength of 600 nm.

Each one of  the 125 teeth was transferred to sterile 
1.5-milliliter Eppendorf tubes. Following the injection 
of 1 mL of the brain-heart infusion (BHI) broth (Merck), 
containing 108 E.  faecalis cells, to the prepared root ca­
nals with insulin injectors, each sample was entirely 
submerged in the BHI broth.26 It was incubated for the 
formation of  the E.  faecalis biofilm in an  incubator at 
37°C for 21 days. The broth in each tube was refreshed 
every day. Following the incubation period, the mediums 
in the tubes were aseptically aspirated and the residual 
mediums were eliminated from root canals by means of 
paper points.

Photosensitizer and a light source 

A light-emitting diode (LED) device (FotoSan®; CMS 
Dental, Copenhagen, Denmark) was used as a light source 
in the experimental procedures. The output power of the 
system was 2,000–4,000 mW/cm2, and its wavelength 
spectrum was between 620 and 640 nm. Although there 
was TBO at a concentration of 0.1 mg/mL as a PS agent 
in the system, 0.02 mg/mL of TBO was used according to 
the aforementioned preliminary study results. The endo­
dontic tip was introduced as deeply as possible into the 
root canal without applying pressure.

SEM preparation and analysis 

Five samples were analyzed with SEM (the Zeiss 
Leo 1430 scanning electron microscope; Carl Zeiss, 
Oberkochen, Germany) in order to verify the forma­
tion of  the E.  faecalis biofilm. Five random teeth were 
selected from among the samples. Longitudinal grooves 
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were carved on the root surfaces without invading the 
inner part of  the root canal with a high-speed diamond 
bur (Komet USA). Afterward, the roots were divided into 
2 parts through these grooves with the help of a stainless 
steel chisel. The samples were irrigated with saline in or­
der to remove cells that were not bound to the biofilm. 
The samples were fixed in 10% formalin for 24  h, then 
incubated for 20 min in a graded series of ethanol con­
centrations (50%, 70%, 90%, and 100%, twice) and left to 
dry in the air at room temperature during the night. Later, 
they were mounted on the aluminum stubs of the scanning 
electron microscope, sputter coated with a 300-angstrom 
gold-palladium alloy under vacuum and analyzed at 
15 kV. The SEM images of the apical, middle and coronal 
thirds and fracture surfaces were taken.

Experimental procedures 

The remaining 120 teeth were randomly divided into 
5 main experimental groups (n = 20). Then, these main 
groups were divided into 2 subgroups (n = 10). In total, 
there were 10 experimental groups:
–	group 1A: TBO at a  concentration of  0.02 mg/mL 

(20 ppm) was injected into root canals and agitated with 
a K-file size 15; it was left in root canals for 1 min, and 
then activated for 30 s with the help of the 0.5-millimeter 
tip of the FotoSan light delivery system;

–	group 1B: the same procedures as in group 1A were 
applied, but following a 30-second break, another 30 s 
of light application was performed; photoactivation was 
performed for a total of 60 s;

–	group 2A: AgNPs at a  concentration of  10  ppm were 
injected into root canals and left for 30  s after being 
agitated with a hand file size 15;

–	group 2B: AgNPs at a concentration of 10 ppm were in­
jected into the root canals and left for 60 s after being 
agitated with a hand file size 15;

–	group 3A: the homogeneous distribution of the mixture 
of 20 ppm of TBO and 10 ppm of AgNPs was ensured; 
later, this was placed into root canals and kept for 30 s;

–	group 3B: the same procedures as in group 3A were ap­
plied, but for 60 s;

–	group 4A: AgNPs at a  concentration of  10  ppm were 
injected into root canals and photoactivation was per­
formed for 30 s;

–	group 4B: AgNPs at a  concentration of  10  ppm were 
injected into root canals and photoactivation was per­
formed for 60 s;

–	group 5A: the mixture of 20 ppm of TBO and 10 ppm 
of AgNPs was injected into root canals; it was kept for 
1 min for its distribution into the root canal system, and 
then photoactivation was performed for 30 s;

–	group 5B: the mixture of 20 ppm of TBO and 10 ppm 
of AgNPs was injected into root canals; it was kept for 
1 min for its distribution into the root canal system, and 
then photoactivation was performed for 60 s.

The remaining 20 teeth constituted positive and nega­
tive control groups. The samples were irrigated with 2 mL 
of  2.5% NaOCl for 1  min in the positive control group 
(n = 10). The teeth in the positive control group were ir­
rigated with 5 mL of 5% sodium thiosulphate for 1 min in 
order to inactivate the NaOCl remaining in the canal.26 
The samples were irrigated with 2 mL of 0.9% saline solu­
tion for 1 min in the negative control group (n = 10).

Microbiological analysis 

The microbiological analysis was conducted in all ex­
perimental and control groups before and just after the 
treatment regimens. After the treatment regimens, root 
canals were irrigated with 1 mL of saline in order to re­
move the agents. As in the method used by Souza et al.,27 
root canals were filled with saline in the sampling proce­
dures and samples were taken with 3 sterile paper points 
in order. These paper points were combined to count 
CFU. Paper points were introduced up to WL in root ca­
nals for 1 min. Before placing paper points for the micro­
biological sampling following the treatment, root canals 
were filed vigorously with an H-file size 25.11 This proce­
dure allowed the biofilm to deteriorate and the bacteria 
which were left in the biofilm and could not be reached 
with paper points to be obtained. The bacterial CFU were 
counted and the actual counts were determined based on 
the known dilution factors.

Statistical analysis 

The statistical analyses of  the results were carried out 
using IBM SPSS Statistics for Windows, v. 20.0 (IBM 
Corp., Armonk, USA). The reduction percentages in 
the data obtained by counting CFU after the treatment 
were transformed into logarithmic (log10) values. The 
Kolmogorov–Smirnov test, the one-way analysis of variance 
(ANOVA) and Tukey’s honestly significant difference 
(HSD) test were used to carry out the statistical analy­
ses of  the study data. After the Bonferroni correction, 
p < 0.004 was taken as the level of statistical significance.

Results

Characterization of nanoparticles 

The dimension distributions of the synthesized AgNPs 
were measured using the Nano-Z device of the Zetasizer® 
Nano series (Malvern Panalytical, Malvern, UK), which 
operates based on the principle of  dynamic light scat­
tering. The average size of the particles which were syn­
thesized according to the measurements was 52  nm. 
The effect of the synthesized AgNPs on TBO absorption 
was analyzed using ultraviolet-visible (UV-Vis) spectro­
scopy. When the UV-Vis spectra of the 20 ppm of TBO, 
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20 ppm of TBO + 10 ppm of AgNPs and 10 ppm of AgNPs 
solutions were examined, it was observed that only the 
solution containing AgNPs did not lead to any absorp­
tion in the visible area. On the other hand, TBO led to 
a maximum absorption of approx. 600 nm. The addition 
of AgNPs to the TBO solution did not change this maxi­
mum absorption.

SEM analysis 

The SEM images which were examined to verify the 
complete elimination of smear layers and bacteria before 
the canal systems were contaminated with E. faecalis, fol­
lowing the preparation of the root samples, showed clean 
dentin surfaces with open dentinal tubules (Fig. 1).

The SEM images verified the presence of  21-day-old 
mature biofilm before the treatment protocols were per­
formed (Fig. 2). The root canal walls were densely colo­
nized by E.  faecalis cells. In some areas, the cells were 
organized in biofilm and observed to have penetrated 
dentinal tubules.

Bacteriological analysis 

Table  1 illustrates average reduction percentages and 
average reduction amounts as logarithmic values after the 
treatment in all groups. The initial and post-treatment ave­
rage NaOCl group provided a  bacterial reduction that 
was higher than in all other groups in a statistically signifi­
cant manner; it was the group which displayed the highest 

Table 1. Average logarithmic and percentage values of bacterial reduction in all groups

Groups n M ±SD 
[log10] Range M ±SD  

[%] Range

TBO/light 30 sa–j,k 10 1.63 ±0.23 1.23–1.97 97.34 ±1.56 94.13–98.92 

TBO/light 60 sb–k,m 10 2.03 ±0.19 1.64–2.29 98.98 ±0.51 97.72–99.49

AgNPs 30 sc–j,k 10 1.61 ±0.43 1.24–2.71 96.80 ±1.84 94.20–99.80

AgNPs 60 sd–k,m 10 1.95 ±0.29 1.52–2.38 98.65 ±0.88 97.00–99.58

TBO/AgNPs 30 se–j,k 10 1.80 ±0.58 1.11–2.94 97.28 ±2.35 92.15–99.88

TBO/AgNPs 60 sf–k,m 10 1.93 ±0.55 0.83–2.80 97.36 ±4.40 85.31–99.84

AgNPs/light 30 sg–j,k 10 1.84 ±0.19 1.51–2.13 98.41 ±0.73 96.94–99.26

AgNPs/light 60 sh–k,m 10 2.10 ±0.31 1.55–2.49 98.96 ±0.90 97.16–99.68

TBO/AgNPs/light 30 si–k,m 10 2.14 ±0.26 1.89–2.80 99.18 ±0.34 98.71–99.84

TBO/AgNPs/light 60 sj–a,c,e,g,k,m 10 2.71 ±0.60 1.74–3.85 99.61 ±0.52 98.18–99.99

Positive controlk–a,b,c,d,e,f,g,h,i,j,m 10 4.29 ±0.96 2.95–6.00 99.98 ±0.03 99.89–100.00

Negative controlm–b,d,f,h,i,j,k 10 1.02 ±0.20 0.71–1.40 89.70 ±4.49 80.63–96.05

TBO – toluidine blue O; AgNPs – silver nanoparticles; M – mean; SD – standard deviation; a TBO/light 30 s; b TBO/light 60 s; c AgNPs 30 s; d AgNPs 60 s;  
e TBO/AgNPs 30 s; f TBO/AgNPs 60 s; g AgNPs/light 30 s; h AgNPs/light 60 s; i TBO/AgNPs/light 30 s; j TBO/AgNPs/light 60 s; k positive control; m negative control. 
Superscript letters show significant differences between the related group and the other groups.

Fig. 1. Clean dentinal tubules with no smear layers

Fig. 2. Root canal walls heavily colonized with bacteria; bacterial cells observed in dentinal tubules
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antibacterial activity. Increasing the treatment time from 
30  s to 60  s caused an  increase in antibacterial activity; 
however, it was not statistically significant. The saline 
group was the least successful one; yet, no significant dif­
ference was found between groups 1A, 2A, 3A, and 4A. 
Light application on the TBO/AgNPs combination was 
the group that provided the highest bacterial reduction 
after NaOCl.

Discussion
The present study analyzed the antibacterial activity 

obtained by light application on the combination of a PS 
agent – TBO and an NP agent – AgNPs on the 3-week-
old mature E. faecalis biofilm formed experimentally on 
the extracted human teeth, and compared it to the same 
combination without photoactivation, light application 
on TBO, the separate use of  AgNPs, and light applica­
tion on AgNPs. The teeth treated with saline and NaOCl 
served as control groups.

The study consisted of 2 stages. At the 1st stage, a prelimi­
nary study was conducted to establish at which concentra­
tions the procedures of combining TBO and AgNPs as well 
as applying light on this combination showed the best results. 
It was observed that the combination of 20 ppm of TBO 
and 10 ppm of AgNPs showed the most effective antibac­
terial activity against the suspension containing E. faecalis. 
Hence, these concentrations were used in the experiment 
conducted on the prepared root samples. In the analysis 
of the UV-Vis spectra, it was noted that the solution con­
taining AgNPs did not lead to absorption and TBO resulted 
in absorption at approx. 600 nm. The addition of AgNPs to 
the TBO solution did not change the maximum absorption. 
Based on these results, the FotoSan device, which provided 
light at a wavelength of approx. 600 nm, was preferred as the 
source of light to be used in the experiment.

Enterococcus faecalis was used in this study, as it is gene­
rally believed that these bacteria are one of the most com­
mon isolated MOs found in infected root canals and has 
a higher prevalence in secondary infections as compared to 
primary infections.28 Despite having various virulence fac­
tors, their capability of causing periradicular diseases arises 
from being persistant and protected from the effects of the 
root canal treatment procedures, applied in the root canals 
and dentinal tubules of  the tooth.29 In addition, MOs in 
biofilm have a stronger pathogenic potential as compared 
to planktonic MOs.30,31 Clinically, they are of  particular 
importance due to their higher capability of  protecting 
themselves from host defense mechanisms and therapeu­
tic approaches, such as chemical and mechanical antimi­
crobial treatment procedures.32 The presence of  mature 
biofilm was detected in the SEM images taken before per­
forming the treatment regimens. This provided for the 
method of the infected dentin model to be used; coloniza­
tion was present in the canal lumens and dentinal tubules, 

the possible relationship between the applied agents and den­
tin was taken into consideration, the effects related to the 
penetration and distribution of agents in a closed environ­
ment, such as the root canal system, were taken into con­
sideration, a dark environment was provided during light 
application, and the administration and duration of agents 
were similar to those met in clinical conditions. Thus, the 
conditions closest to the clinical ones were obtained.

NaOCl is suggested as the primary irrigation solution 
in endodontics due to its wide-spectrum antimicrobial ef­
ficiency as well as its capability of dissolving organic sub­
stances.33 Photodynamic therapy is antimicrobial treatment 
on which numerous studies have been conducted7,34–36 and 
the efficiency of  which has been proven in endodontics. 
Eliminating the bacteria selectively without affecting other 
normal tissue and damaging surrounding tissues is among 
its advantages.37 In studies conducted on PDT, some re­
searchers have found PDT to be more successful than 
NaOCl11,38 or as efficient as NaOCl,39 while others found it 
to be less successful and reported contradictory results.40,41 
The reason for these reported differences is associated with 
the methodologies used, NaOCl concentrations and the 
diversity of  PDT procedures. Hecker et al. asserted that 
PDT was ineffective in ensuring sufficient disinfection.34

It is difficult to make comparisons between studies con­
ducted on the efficiency of PDT. This is because different 
PSs, PS concentrations, light parameters, irradiation dura­
tions, and light delivery systems were used. In this study, 
the NaOCl group displayed statistically significantly higher 
antibacterial efficiency as compared to PDT and the other 
groups. Despite a significant decrease in the number of bac­
teria, complete elimination was not achieved with PDT. In 
their study conducted on teeth with pulpal necrosis and 
periapical pathology, Ng et al. applied PDT after the chemo­
mechanical cleaning of canals and found that the bacterial 
load decreased with PDT.42 However, they construed that 
the failure to obtain complete elimination was associated 
with the incomplete penetration of PS into dentinal tubules 
due to bonding through the interaction of PS with dentin 
components, the failure of  the penetration of PS into the 
canal biofilm and the insufficient amount of oxygen.42

In a micro-environment with low oxygen levels, such as 
the closed environment surrounded by dentinal tubules, 
molecular oxygen is quickly depleted, and singlet oxygen-
mediated damage is prevented or minimized. It is recom­
mended to fractionate light delivery and apply irradia­
tion once again after some time in order to overcome the 
problem of oxygen consumption.43 In the current study, 
the application of  PDT was performed once again after 
30 s. The efficacy of PDT increased, although the rise was 
not statistically significant.

Silver nanoparticles have attracted a great deal of atten­
tion in biomedical applications recently, since they show 
antibacterial, antifungal, antiviral, and anti-inflammatory 
activity.23 They lead to apoptosis and necrosis by stimulat­
ing potent oxidative damage to organelles such as the cell 
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membrane, lysosome, mitochondrium, and nucleus.44 
Biological cellular proteins are negatively charged due to 
their side chains, which may contain carboxyl and sulf­
hydryl groups, and the high affinity of Ag for negatively 
charged molecules in the cells of bacteria inactivates the 
critical functions of  bacterial cells, and prevents bacte­
rial growth and biofilm formation.45 Therefore, positively 
charged NPs have more antibacterial effects than nega­
tively charged and neutral NPs.17

Abbaszadegan et al. evaluated the antibacterial activity 
and cytotoxicity of  stable AgNPs synthesized with differ­
ent surface charges (neutral, positive and negative), and 
compared them with the NaOCl and chlorhexidine (CHX) 
solutions.17 Silver nanoparticles with a  positive surface 
charge were effective at considerably low concentrations as 
compared to other agents.17 Similarly, Lotfi et al. demon­
strated that AgNPs could have the same bactericidal ef­
fect as 5.25% NaOCl at considerably low concentrations.46 
In their study, 70 times higher NaOCl concentration 
was required to obtain the equivalent antibacterial effect 
of AgNPs.46 Contrary to the results of these studies, Wu et al. 
compared the antibacterial effect of  the 0.1% AgNPs 
solution with 2% NaOCl and saline in dentin samples.15 
In the study in which they evaluated the residual biofilm 
structure with SEM and confocal laser scanning micro­
scopy (CLSM), irrigation was performed for 2  min with 
6 mL of  the solutions. The 0.1% AgNPs solution did not 
disrupt the structure of the E. faecalis biofilm, but provided 
a significant biofilm bacteria death. NaOCl was found to be 
more successful than the other groups.15 The results of this 
study are similar to ours. However, our study was aimed at 
improving disinfection before canal filling, with the AgNPs 
solution not as an irrigation solution. Therefore, our study 
enabled a comparison with the PDT group, and displayed 
similar antibacterial efficiency of AgNPs and PDT.

One of the most important advantages of nanomaterials 
is the potential for improving drug delivery in order to en­
sure the maximum therapeutic effect in the target area.25 
However, in PDT, PSs have insufficient water solubility and 
tend to cluster in an aqueous environment under physio­
logical conditions.47 In order to overcome this problem, 
an  advanced non-invasive light-activated disinfection 
procedure that consists of  2 stages has been suggested; 
the 1st stage consists in using PS that is dissolved in a for­
mulation, which increases its photochemical characteris­
tics and allows a better diffusion of PS to the anatomical 
complexities of the root canal system. Then, the 2nd stage 
facilitates light distribution in the irradiation phase and 
an  oxygen-carrying solution is applied, which increases 
the amount of oxygen.48 Another method is to increase the 
solubility of hydrophobic PS through the use of NP agents 
as carriers in drug delivery in order to improve the transfer 
of PS to the target tissue.47 Nanoparticles that are function­
alized with PSs enable physicochemical advantages, such 
as target cell selectivity, increasing the uptake of PS in cells, 
reducing the leakage of PS from the target cells, increasing 

the stability of PS molecules after conjugation, preventing 
the physical quenching caused by PS aggression, and allow­
ing the controlled release of ROS.14

In a  study using chitosan NPs functionalized with RB, 
which is a  xanthen PS dye, antibiofilm efficiency in the 
multiple-species biofilm formed in dentin was investigated, 
and increased affinity to bacterial cell membrane, more 
penetration into the biofilm structure and more bacterial 
elimination were obtained.14 Shrestha and Kishen evalu­
ated the antibacterial efficiency of this conjugation in the 
presence of tissue inhibitors in root canals.49 The synergis­
tic antibacterial effect of chitosan NPs and singlet oxygen 
released from RB after photoactivation ensured a signifi­
cant antibacterial efficiency potential for this conjugation, 
even in the presence of  tissue inhibitors.49 Pagonis et al. 
examined the antibacterial efficiency of MB-loaded PLGA 
NPs and their photoactivation against E.  faecalis.22 After 
keeping the solution in the canal for 15  min, irradiation 
was performed with the help of  a  diode laser for 5  min. 
After irradiation, a significant decrease in the CFU values 
was found.22 In the present study, antibacterial efficiency 
was increased by means of  light application on the TBO 
and AgNPs combination, and this was the most successful 
group after NaOCl. Thus, the null hypothesis was rejected.

This study has several limitations. Firstly, to the best 
of our knowledge, there is still no information in the lite­
rature concerning the photoactivation of  the combina­
tion of TBO and AgNPs. Therefore, making a compari­
son is not possible. Secondly, only 1 bacterial strain was 
evaluated, while endodontic infections are polymicrobial. 
Thirdly, various possible light sources and wavelength 
ranges can change the antimicrobial effects of  PSs or 
AgNPs. Currently, there is a lack of an established proto­
col for adjunctive PDT for root canal disinfection.

Conclusions
All the treatment protocols used in this study displayed 

strong antibacterial efficiency on mature E.  faecalis bio­
film. The photoactivation of the TBO/AgNPs combination 
led to an increase in the effect of PDT, and only the 2.5% 
NaOCl group was more effective. The use of NP agents in 
combination with light/PS agents plays an important role 
in increasing the efficiency of PDT in root canal disinfec­
tion It is required for future studies to research the effect 
of  this combination on multiple-species biofilm, its cyto­
toxicity and its efficacy in the presence of tissue inhibitors.
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Abstract
Background. The use of a space maintainer during the deciduous dentition period at a proper time can 
prevent the consequences of  the loss of  the arch length in the future. There is controversy over the use 
of space maintainers.

Objectives. The aim of this study was to evaluate the magnitude of stresses exerted on immature perma-
nent molar teeth, and the extent of displacement of these teeth when the adjacent teeth are missing, but 
after placing a space maintainer. Studies carried out to date have used clinical measurements, e.g., X-rays 
and dental casts. 

Material and methods. The finite element model (FEM) was used for modeling the maxillary and man-
dibular teeth and the bone structure. A space maintainer (band and loop) was also designed for modeling. 
Force was applied and a finite element analysis (FEA) was carried out in 6 states in the maxilla and in the 
mandible to evaluate the distribution of stresses and the amount of displacement of immature permanent 
first molar teeth in the presence or absence of deciduous second molar teeth and a space maintainer.

Results. During mastication, when the deciduous second molar tooth was absent, the maximum stress 
was transferred to incomplete roots. When there was a space maintainer, stress was transferred to the space 
maintainer itself and to the distal side of the deciduous first molar tooth. The displacement of permanent 
first molar teeth was minimal in the presence of all teeth; in the absence of the deciduous second molar 
tooth, this displacement increased 4–5-fold, which decreased again almost to the level of the 1st/4th state 
(intact arch) in the presence of the space maintainer.

Conclusions. The results showed the importance of the use of space maintainers, as they significantly de-
crease the momentary displacement of the teeth as well as the stress exerted on the developing permanent 
first molar teeth.

Key words: finite element analysis, space maintenance, mesial tooth movement
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Introduction
Space management is a crucial issue in pediatric den­

tistry.1 Local or systemic factors can lead to the early 
loss of deciduous teeth, including tooth extractions due 
to caries, traumatic injuries, and premature exfoliation 
resulting from abnormal root resorption and systemic 
disorders. Space reduction after the premature loss 
of primary second molars is one of the important factors 
affecting the occurrence of malocclusion, often increas­
ing a demand for orthodontic treatment.2 The premature 
loss of deciduous second molars has the most significant 
effect on the dental arch, and the maximum space loss is 
due to the mesial drift of  permanent first molar teeth.3 
The use of a space maintainer during the deciduous denti­
tion period at a proper time can prevent the consequen­
ces of the loss of the arch length in the future.4 It has been 
reported that the space change after the premature loss 
of a primary second molar in 3 weeks is statistically sig­
nificant.5 A  primary second molar is an  eruption guide 
for a permanent first molar, so with the early loss of this 
guidance, a severe space loss will occur. The fastest and 
the greatest space closure occurs in the maxilla, followed 
by the mandible.6 

There is controversy over the use of  space maintain­
ers. Some researchers believe that space maintainers are 
not useful and have detrimental effects in 19% of cases.7 
There are a number of ill effects of conventional band and 
loop space maintainers – they lead to plaque retention, 
which causes gingivitis, the blanching of the gingivae due 
to band displacement, mucosal overgrowth, and loop im­
pingement on the mucosa, causing pain and ulceration.8 
Bilateral space maintainers may have questionable ef­
ficacy, and in case of  the loss of  multiple molars in the 
same quadrant, their use should be weighed against the 
risk of unwanted tooth movements, the loss of a remov­
able space maintainer or no space maintenance at all.4

Space maintainers are mostly prescribed at a  young 
age; their use is associated with some problems as a result 
of the patients’ poor compliance, the possible manipula­
tion of these appliances, and even the risk of swallowing 
a separated segment of the wires used as well as with eco­
nomic problems. Therefore, in some cases, parents are 
not interested in the use of such appliances.9

The masticatory force is defined as a force that is cre­
ated through the dynamic action of  the masticatory 
muscles during the act of chewing.10 The force of masti­
cation depends on many factors, including age, gender, 
tooth developmental stage, and hardness of  food. This 
force is maximum in the molar area. The alveolar bone is 
immature and more elastic in children, less calcified, and 
has fewer trabeculae and larger bone marrow spaces as 
compared to adults. In addition, the lamina dura is thin­
ner and the interdental crest is flatter than in the case 
of  adults.11 In the mixed dentition period, permanent 
first molar teeth in the maxilla and the mandible are still 

developing and erupting; the roots of these teeth are not com­
pletely mature, making them very different from mature 
teeth. When a tooth is subjected to the physiologic force 
of mastication, stresses are transferred to the underlying 
bone through the periodontal ligament (PDL). Mature 
teeth with their long roots provide a large area to transfer 
these stresses and they are distributed on all root surfaces. 
However, in teeth that are still developing, only a  small 
surface area of the root is available for transferring similar 
forces to the underlying bone. Therefore, it is expected 
that higher stresses will be induced in PDL.12 The analysis 
of the biomechanical properties of the tooth can help us 
understand the pattern of functioning of the periodontal 
tissue during mastication, and in general, the masticatory 
function. Therefore, it is necessary to construct a model 
to unify the structural geometry of  the teeth, the tissue 
characteristics and the forces applied to the jaws. It is now 
well established that a model accurately simulating all the 
above variables is able to provide very accurate results.13 
Currently, the need for a model such as the finite element 
model (FEM) has attracted attention. So far, no study has 
evaluated the magnitude of stresses exerted on immature 
permanent molar teeth with short roots and open apices, 
and the extent of displacement of these teeth when the ad­
jacent teeth are missing; in addition, this displacement has 
not been evaluated after placing a space maintainer. Stu­
dies carried out to date have used clinical measurements, 
and none of  them have made accurate evaluations with 
the use of a  finite element analysis (FEA). Furthermore, 
studies using FEA have been very limited, especially in 
children during the mixed dentition period on immature 
molars. The stresses considered normal for mature teeth 
might be different for an  immature, developing tooth; 
in addition, there are differences between maxillary and 
mandibular first molars in terms of the extent of displace­
ment and bodily movement of the teeth.

The aim of  this study was to evaluate the magnitude 
of stresses exerted on immature permanent molar teeth, 
and the extent of displacement of  these teeth when the 
adjacent teeth are missing after a space maintainer was 
placed. Studies carried out to date have used clinical 
measurements, such as X-rays and plaster models (dental 
casts).

Material and methods
A finite element analysis was designed and applied in 

the present study to evaluate stresses and the displace­
ment of  maxillary and mandibular first molars in the 
mixed dentition period under normal masticatory forces 
in the presence or absence of  deciduous second molar 
teeth and a space maintainer. To this end and to carry out 
the study on both jaws, three-dimensional (3D) models 
of  the teeth, the jaws and a  band and loop space main­
tainer were constructed as follows.
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Preparation of a 3D model of the teeth 

A 3D model was designed using the cone-beam com­
puted tomography (CBCT) images of a 6-year-old child 
whose permanent first molar teeth had erupted recently 
and established in the occlusal relationship (Fig. 1).

The model was designed accurately in its geometric di­
mensions, and deciduous first and second molars as well 
as permanent first molars were included in the model. 
The CBCT images were entered into a computer for pro­
cessing 3D images, which converts CBCT and magnetic 
resonance imaging (MRI) data to 3D computer-aided de­
sign (CAD) models, and then the teeth were constructed. 
All tooth surface curves were recorded during the design­
ing process, which resulted in an improvement in the ac­
curacy of calculations in this model.

Preparation of a 3D model  
of the periodontal ligament

After constructing a 3D model of the teeth, a 3D model 
of PDL was constructed with a thickness of 0.25 mm,14,15 
along the anatomic roots (Fig.  2). The periodontal liga­
ment was considered as a uniform mass with linear be­
havior. Although such a structure does not conform with 
the real biologic behavior of  PDL, various studies have 
shown that this assumption, i.e., a uniform linear struc­
ture, is very valuable for assessing orthodontic forces and 
appears to be sufficient to explain the initial tooth move­
ments.

Preparation of the bone surrounding  
the tooth

The geometry of  the maxilla and the mandible was 
constructed using the CBCT images of  a  6-year-old 
child, and materials were assigned to the spongy- and 
compact-bone compartments. To design and construct 
the bone, it was considered as a  solid and rigid body. 
Then, the tooth root–PDL complex was eliminated from 
this volume by using a complex process with the ‘subtract’ 
command (Fig. 3).

Fig. 1. Cone-beam computed tomography (CBCT) images of a 6-year-old 
child’s dentition

Fig. 2. A three-dimensional (3D) model of the periodontal ligament (PDL) 
with a thickness of 0.25 mm

Fig. 3. Geometric model of the maxillary and mandibular bone and the 
teeth
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Incorporation of the model for drawing

Geometric software was used to divide the teeth, which 
were in the form of surfaces, into solid segments. The 3D 
model was extracted in the SAT format, which could be 
read in the Essence milieu. With the FE package, point 
cloud data was converted into 3D volumes, and then all 
components were converted into the STP format for FEA.

Preparation of a model of a space 
maintainer 

A band and loop space maintainer was used to this end. 
The geometry of  the space maintainer was designed in 
the form of a 0.180 × 0.005-inch stainless steel band and 
a 0.36-inch stainless steel loop (Fig. 4).

To prepare a  geometric model for applying boundary 
conditions, and for meshing and loading, it is necessary 
to enter the characteristics of  the materials forming each 
component into a computer. Table 1 presents the physical 
properties of the materials used in the present study.16

The contact between the components was considered 
complete and tie-bonded. The coefficient of friction be­
tween the tooth and the space maintainer was assumed 
to be 0.2.16

Automatic meshing

All the components of the 3D model were divided into 
smaller components (Fig. 5). In addition, the areas sub­
ject to the concentration of  tensions, such as the apical 
and alveolar crest areas, were constructed of  smaller 
components to improve the accuracy of these points. The 
elements were constructed in the form of a tetrahedron. 
Table 2 presents the approximate number of knots in each 
component.

Application of force

Seventy-newton vertical forces (almost equal to the 
normal masticatory force) were applied to the mesiopala­
tal cusp of the maxillary permanent first molar and to the 
distobuccal cusp of the mandibular permanent first molar 
(Fig. 6).

Table 2. Component characteristics

Component Element type Number of nodes Number of elements

Maxillary cortical bone tetrahedral 12,002 5,240

Maxillary spongy bone tetrahedral 10,911 6,501

Maxillary first and second primary molars and first permanent molars tetrahedral 9,173 5,198

PDL of maxillary first and second primary molars and first permanent molars tetrahedral 14,482 7,085

Maxillary space maintainer tetrahedral 6,174 2,906

Mandibular cortical bone tetrahedral 12,185 6,264

Mandibular spongy bone tetrahedral 13,457 8,218

Mandibular first and second primary molars and first permanent molars tetrahedral 8,277 4,674

PDL of mandibular first and second primary molars and first permanent molars tetrahedral 14,696 7,183

Mandibular space maintainer tetrahedral 5,693 2,705

Table 1. Properties of the materials used in the finite element analysis (FEA) 
model

Component Material Young's modulus  
[MPa]

Poisson’s 
ratio

Cortical bone elastic, isotropic 13,700 0.30

Spongy bone elastic, isotropic 1,370 0.30

PDL elastic, isotropic 0.05 0.30

Tooth elastic, isotropic 20,000 0.30

Space maintainer stainless steel 193,000 0.31

PDL – periodontal ligament.

Fig. 4. Geometric model of a band and loop space maintainer

Fig. 5. Automatic meshing of the geometric model
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The different states of the model components were as 
follows:
1	– the maximum equivalent stress induced and the 

amount of displacement of the maxillary first molar in 
an intact arch in the presence of the deciduous second 
molar;

2	– the maximum equivalent stress induced and the 
amount of displacement of the maxillary first molar in 
the absence of the deciduous second molar;

3	– the maximum equivalent stress induced and the 
amount of displacement of the maxillary first molar in 
the presence of the space maintainer;

4	– the maximum equivalent stress induced and the 
amount of displacement of the mandibular first molar 
in an  intact arch in the presence of  the deciduous 
second molar;

5	– the maximum equivalent stress induced and the 
amount of displacement of the mandibular first molar 
in the absence of the deciduous second molar;

6	– the maximum equivalent stress induced and the 
amount of displacement of the mandibular first molar 
in the presence of the space maintainer.

Results
A static FEA was carried out in 6 states in the maxilla 

and the mandible to evaluate the distribution of stresses 
and the amount of displacement of immature permanent 
first molar teeth in the presence or absence of deciduous 
second molar teeth and a space maintainer.

The maximum equivalent stress and displacement 
of  the permanent maxillary first molar are presented 
in Table 3.

When a 70-N force was applied to the mesiopalatal cusp 
of the maxillary permanent first molar tooth in the pre­
sence of the deciduous second molar tooth, the maximum 
equivalent stress was recorded at the mesial contact of the 
crown at 50 MPa, and the other parts of the crown and 
PDL did not exhibit a  considerable stress (Fig.  7). The 
amount of displacement of the permanent first molar was 
only 0.5 µm (Fig. 8).

Table 3. Maximum equivalent stress and displacement in the crown and roots of the permanent maxillary first molar

Particulars Presence  
of the deciduous second molar

Absence  
of the deciduous second molar

Presence  
of the space maintainer

Maximum equivalent stress in the mesiobuccal root [MPa] 3.15 2.45 2.58

Maximum equivalent stress in the distobuccal root [MPa] 0.50 2.45 0.50

Maximum equivalent stress in the palatal root [MPa] 3.15 12.22 2.04

Maximum equivalent stress in the crown [MPa]
50.00  

(the mesial contact of the crown)
2.45  

(the mesiopalatal cusp)
10.00  

(broad area)

Maximum displacement [µm] 0.5 6.5 0.6

Fig. 6. Load application on the functional cusps of mandibular and 
maxillary permanent first molars

Fig. 7. Pattern of equivalent stress distribution in the maxillary permanent 
first molar with mesial constraint (distobuccal view)

Fig. 8. Displacement pattern in the maxillary permanent first molar with 
mesial constraint (occlusal view)
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In the 2nd state, a 70-N force was applied in the absence 
of  the deciduous second molar tooth. In this state, the 
maximum equivalent stress was recorded in the palatal 
root of  the permanent first molar tooth at 12–16 MPa. 
The crown and the 2 other roots had a low level of stress 
(Fig.  9). The displacement of  the permanent first molar 
tooth increased in this state and was 6.5 µm in the mesio­
palatal direction (Fig. 10).

In the 3rd state, the force was applied in the presence 
of the space maintainer. In this state, the maximum equiva­
lent stress on the permanent first molar tooth was recorded 
on the whole surface of the crown at 10–15 MPa, while the 
stress in PDL decreased. The maximum equivalent stress 
in this state was recorded on the surface of the space main­
tainer and on the distal aspect of the crown of the decidu­
ous first molar tooth (94 MPa) (Fig. 11). A displacement 
of 0.6 µm was recorded in this state (Fig. 12).

The maximum equivalent stress and displacement 
of the permanent mandibular first molar are presented in 
Table 4. 

When a 70-N force was applied to the distobuccal cusp 
of  the mandibular permanent first molar tooth in the 
4th state, i.e., in the presence of the deciduous second mo­
lar tooth, the maximum equivalent stress was recorded at 
the mesial contact of the crown at 75.5 MPa. The stress in 
the roots was similar at 5–6 MPa (Fig. 13). Displacement 
in this state was 0.8 µm (Fig. 14).

The force was applied in the 5th state, i.e., in the ab­
sence of  the deciduous second molar tooth. In this 
state, the maximum equivalent stress at the cervical 
area of the mesial root was 14 MPa (Fig. 15). Displace­
ment in this state was 7.8 µm in the mesial direction 
(Fig. 16).

Fig. 9. Pattern of equivalent stress distribution in the maxillary permanent 
first molar without mesial constraint (distobuccal view)

Fig. 10. Displacement pattern in the maxillary permanent first molar 
without mesial constraint (occlusal view)

Fig. 11. Pattern of equivalent stress distribution in the maxillary permanent 
first molar with space maintenance (distobuccal view)

Fig. 12. Displacement pattern in the maxillary permanent first molar with 
space maintenance (occlusal view)

Table 4. Maximum equivalent stress and displacement in the crown and roots of the permanent mandibular first molar

Particulars Presence  
of the deciduous second molar

Absence  
of the deciduous second molar

Presence  
of the space maintainer

Maximum equivalent stress in the mesial root [MPa] 5.50 14.00 5.40

Maximum equivalent stress in the distal root [MPa] 5.50 14.00 5.40

Maximum equivalent stress in the crown [MPa] 75.50  
(the mesial contact of the crown)

6.35  
(the distobuccal cusp)

12.00  
(broad area)

Maximum displacement [µm] 0.8 7.8 0.7
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In the 6th state, in which the force was applied in the 
presence of the space maintainer, the maximum equivalent 

stress on the entire crown surface was 10–12 MPa, while 
the root stress decreased to 5–6  MPa. In the mandible, 
too, a high rate of stress was applied to the space main­
tainer and the distal area of the crown of the deciduous 
first molar tooth (98 MPa) (Fig. 17). Displacement in this 
state was 0.7 µm (Fig. 18).

Discussion
In FEA, maxillary and mandibular permanent first mo­

lars were used to construct a model and simulate changes 
in the equivalent stress distribution pattern and displace­
ment in the presence and absence of  deciduous second 
molar teeth and a space maintainer.

This analysis is independent of time and shows changes 
on the spot. However, it is possible to determine changes 
in the shape of the models in terms of a time factor with 
the use of some frameworks. This analysis has some obvi­
ous advantages, including the fact that it can provide data 
consistent with real and clinical conditions, and confirm 
or refute it. Furthermore, it can measure some variables 
that cannot be observed and measured in real and clinical 
conditions.17

The normal masticatory force is significantly lower 
than the maximum bite force. The maximum bite force 
is defined as the maximum force that an  individual can 
apply with their teeth, and is different from the normal 
masticatory force. In a  normal child, this masticatory 
force is approx. 78 N.18 In the present study, this force for 
a 6-year-old child was considered at 70 N.

Fig. 13. Pattern of equivalent stress distribution in the mandibular 
permanent first molar with mesial constraint (distobuccal view)

Fig. 14. Displacement pattern in the mandibular permanent first molar 
with mesial constraint (occlusal view)

Fig. 15. Pattern of equivalent stress distribution in the mandibular 
permanent first molar without mesial constraint (distobuccal view)

Fig. 16. Displacement pattern in the mandibular permanent first molar 
without mesial constraint (occlusal view)

Fig. 17. Pattern of equivalent stress distribution in the mandibular 
permanent first molar with space maintenance (distobuccal view)

Fig. 18. Displacement pattern in the mandibular permanent first molar 
with space maintenance (occlusal view)
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In an  intact dental arch with all the teeth present in 
both jaws, the maximum equivalent stress was detected 
at the mesial contact of the permanent first molar tooth, 
which was transferred to the tooth mesial to the first 
molar, rather than to its roots. The tooth root, PDL and all 
the other areas of the tooth crown exhibited much lower 
stresses, which is consistent with the results of a study by 
Southard et al., who reported that the anterior component 
of the occlusal force (ACF) was transferred to the mesial 
teeth by a  proximal contact and could even pass the 
midline.19 Chauhan et al. also reported similar results.12

The application of force resulted in the minor displace­
ment of the roots of permanent first molars, and the tooth 
crown also exhibited a displacement of 0.5–1 µm, which is 
not clinically important and can be considered the physio­
logic displacement of the tooth during mastication. This 
finding is consistent with the results of  clinical studies 
which showed that in the presence of all teeth, no signifi­
cant displacement could take place.20

In the 2nd/5th state, in which deciduous second molars 
were not present in the dental arch, the maximum equiva­
lent stresses in both arches were transferred to the roots, 
with higher stresses in the palatal root of  the maxillary 
tooth, followed by the mesiobuccal root. In the mandible, 
the mesial aspect of the mesial root exhibited the maximum 
equivalent stress, followed by the mesial aspect of the dis­
tal root. These stresses were maximum in the cervical area 
and the apical area of  the roots, which is consistent with 
the results of a study by Dejak et al., who reported that the 
maximum stresses during mastication were produced in the 
occlusal area and in the cervical area of the lingual aspect 
of  permanent first molars in the mandible.21 In addition, 
Petcu et al. carried out a study on subjects during the mixed 
dentition period and reported that the maximum stress was 
detected in the cementoenamel junction (CEJ) area and in 
the coronal third of the root.17 Such a discrepancy between 
the results of studies might be attributed to differences in 
the anatomy of  the teeth and the different developmental 
stages of immature permanent first molar teeth.

In this state, the maximum equivalent stresses were re­
corded in the mandibular permanent first molar as com­
pared to the maxilla.

When a  permanent first molar tooth is not in contact 
with a deciduous second molar tooth, the momentary tooth 
displacement increases 4–5-fold, which is mostly visible in 
the crown area, while the roots are displaced at a lower rate. 
Therefore, both maxillary and mandibular permanent first 
molars tend to tip mesially, rather than move bodily, which 
was confirmed in the present study and reported in pre­
vious clinical studies.22 In studies by Chauhan et al.12 and 
Kojima and Fukui,23 the FEA of maxillary permanent first 
molar teeth showed that the mesial tipping of these teeth 
was greater than their bodily movement. In the present 
study, such displacement of  maxillary first molars was 
observed in the mesiopalatal direction, with only mesial 
displacement in the case of mandibular first molars.

The comparison of  displacement between the 2 jaws 
showed that the displacement of the lower first molar was 
greater than that of the upper first molar, which does not 
coincide with the results of  previous clinical studies.1,5 
It can be concluded that, although momentary displace­
ment in the mandible is greater than in the maxilla, more 
displacement will occur in the maxilla over time due to 
the more spongy nature of the maxillary bone.

The amount of  displacement of  the roots was much 
smaller than that of  the tooth crown, and the displace­
ment of the roots of the mandibular first molar was lesser 
than in the case of  the maxillary first molar, indicating 
much fewer bodily movements in the mandible as com­
pared to the maxilla. Chauhan et al. also recorded some 
bodily movement in maxillary first molar teeth.12

When the force was applied in the presence of the space 
maintainer, stresses on the crown and the roots decreased 
significantly, and were transferred to the space maintainer 
itself. In addition, high stresses were recorded in the dis­
tal aspect of the crowns of deciduous first molars. In the 
present study, stresses in the distal aspect of the decidu­
ous mandibular first molar were higher than those in the 
distal aspect of  the corresponding tooth in the maxilla. 
Such a difference might be explained by differences in the 
anatomy of the teeth between the 2 jaws.

The amount of  tooth displacement that was recorded 
in this state decreased almost to that from the 1st/4th state 
in an intact arch, and tooth tipping, which was observed 
in the absence of second primary molars and without me­
sial constraint, decreased significantly. However, a small 
amount of root displacement is not clinically important.24

The results of the present study showed that when a per­
manent first molar tooth erupts, if a  deciduous second 
molar tooth is not in contact with the mesial aspect of the 
erupting tooth, a large amount of the arch length will be 
lost and the space will be closed over time. No study to 
date has evaluated the equivalent stresses exerted on the 
tooth, the space maintainer and the distal aspect of  the 
deciduous second molar tooth. The results of the present 
study showed the pattern of distribution of the equivalent 
stress during mastication; the results also showed that 
space maintainers are useful in preventing the momen­
tary displacement of the teeth.

Conclusions
The results showed the importance of the use of space 

maintainers, as they significantly decrease the momen­
tary displacement of the teeth as well as the stress exerted 
on the developing permanent first molar teeth.
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Abstract
Background. Cleft lip and palate (CLP) cause severe malocclusion, which requires numerous orthodontic 
interventions in specialized centers. There is little literature regarding the overall orthodontic burden of care 
for these patients.

Objectives. The aim of the study was the evaluation of orthodontic-care burden for patients treated 
in the Division of Facial Abnormalities at the Department of Dentofacial Orthopedics and Orthodontics 
of Wroclaw Medical University in Poland. 

Material and methods. The medical data of patients with complete unilateral and bilateral cleft lip and 
palate (ULCP and BLCP) who finished orthodontic treatment between 2012 and 2019 was evaluated. The 
duration of orthodontic treatment, the number of removable appliances, the number of kilometers traveled 
as well as the number of visits and surgical procedures performed were recorded. The sample was divided 
into 2 groups according to the World Health Organization (WHO) International Classification of Diseases 
(ICD-10) diagnosis codes. All data was subjected to statistical analysis.

Results. For the UCLP patients (n = 54), the mean time of orthodontic treatment was 9.24 years, the 
mean number of orthodontic appointments was 62.91, the mean number of removable appliances was 
4.12, the mean number of surgical procedures was 3.35, and the mean distance traveled to visit the center 
for orthodontic appointments was 5,466.95 km. For the BCLP patients (n = 19), the mean time of orth-
odontic treatment was 10.16 years, the mean number of orthodontic appointments was 66.26, the mean 
number of removable appliances was 4.12, the mean number of surgical procedures was 4.05, and the 
mean distance traveled to visit the center for orthodontic appointments was 3,758.23 km.

Conclusions. The orthodontic treatment of patients with UCLP and BCLP is very burdensome for the patients. 
However, the burden of care in the Division of Facial Abnormalities at the Department of Dentofacial Orthope-
dics and Orthodontics of Wroclaw Medical University in Poland is not greater than in other European countries.

Key words: orthodontics, cleft lip, cleft palate, burden of careCite as
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Introduction
The main purpose of  cleft palate orthodontic treat-

ment is to minimize craniofacial growth dysfunction 
and to achieve correct pronunciation in the patient. The 
achievement of this goal requires interdisciplinary treat-
ment by specialists of many fields, including neonatolo-
gists, pediatricians, orthodontists, maxillofacial surgeons, 
plastic surgeons, laryngologists, phoniatricians, speech 
therapists, pediatric dentists, prosthetists, and psycholo-
gists. This results in treatment lasting from childhood to 
adulthood and is very burdensome for the patient and 
their parents.

The term ‘burden of care’ is commonly used nowadays 
in medical care. It refers to a balance between the com-
promises the patient and their family need to make and 
the benefits the child receives. The burden of care in this 
specific case refers to the total number of surgeries, treat-
ment episodes, appointments, and procedures during the 
patient’s whole multidisciplinary rehabilitation.1 Many 
centers where children with similar defects are treated 
have analyzed orthodontic-care burden for their patients 
and they strive to minimize it, while maintaining the best 
treatment results.2

The importance of the topic is emphasized by the fact 
that it has been discussed at World Health Organiza-
tion (WHO) Meetings on International Collaborative 
Research on Craniofacial Anomalies. The WHO has 
even created strategies to reduce the health-care bur-
den of  craniofacial anomalies.1 However, despite the 
systematic introduction of  these strategies, the burden 
of  treatment remains a  huge problem for patients and 
their families. In 2002, a  study comparing the treat-
ment burden of unilateral cleft lip and palate (UCLP) in 
5 European centers was carried out.3 The average length 
of orthodontic treatment varied up to 5 years between 
the centers. At this time, there is only 1 report (from the 
UK) taking into account the orthodontic-care burden for 
patients with bilateral cleft lip and palate (BCLP).4 Bear-
ing in mind that BCLP causes greater impairment than 
UCLP,5 it can be expected that its treatment might be 
longer and more demanding, and therefore more bur-
densome for the patient.

This study aimed to assess the orthodontic-care burden 
for patients with UCLP and BCLP from a single center in 
Poland.

Material and methods
All the data necessary to carry out the analysis was 

obtained by reviewing the existing medical records at 
the Academic Dental Policlinic in Wrocław, Poland. For 
the purposes of the research, all patients of both sexes 
who met the following inclusion criteria were enrolled: 
UCLP or BCLP (according to the WHO International 

Classification of Diseases (ICD-10); Q37.1 and Q37.0, 
respectively), patients who underwent orthodontic 
treatment in 1 center – the Division of  Facial Abnor-
malities, Department of  Dentofacial Orthopedics and 
Orthodontics, Wroclaw Medical University, Poland 
– and finished the therapy between 2012 and 2019. The 
following information was retrospectively obtained 
from the patients’ existing records: sex, date of  birth, 
place of residence, cleft side (in the case of UCLP), age 
at registration at the Academic Dental Policlinic, age 
at the beginning and ending of orthodontic treatment, 
number of all visits at the clinic, number of visits forced 
by the damage of the appliance, age at the beginning and 
ending of treatment with a mobile and permanent ap-
pliance with the number of the related follow-up visits, 
number of removable appliances in use, age during the 
lip and palate surgery, age during bone grafting to the 
alveolar process, number of  all operations related to 
the defect, and total number of days spent in the hos-
pital. The distance traveled for treatment at the clinic 
was calculated by multiplying the number of all visits 
by the distance from the patient’s place of residence to 
the clinic based on the fastest suggested route accord-
ing to Google Maps.

The data was described using individual descriptive 
statistics, such as central tendency (mean – M and me-
dian – Me) and measures of variability (standard devia-
tion – SD, the minimum and maximum values of the vari-
ables).

Results
The sample consisted of 73 patients, including 54 with 

one-sided cleft (18 women and 36 men) and 19 patients 
with bilateral cleft (10  women and 9  men). For UCLP, 
no statistically significant difference was observed in the 
mean treatment duration for both sexes. Women’s therapy 
was 51.1 days longer. This is a relatively small difference 
as compared to the total length of treatment. However, in 
the case of BCLP, the difference was significant. The aver-
age length of treatment for women was 11.6 years, and for 
men only 8.56 years.

All data was statistically analyzed with the determina-
tion of a 95% confidence interval (CI). Table 1 shows the 
results for the patients with UCLP. Complete orthodontic 
treatment took a mean time of 9.24 years. The mean num-
ber of  orthodontic appointments was 62.91. The mean 
total distance traveled for the patient/family to attend 
orthodontic appointments at the clinic was 5,466.95 kilo
meters. Table  2 shows the results for the patients with 
DCLP. Complete orthodontic treatment took a mean time 
of 10.16 years. The mean number of orthodontic appoint-
ments was 66.26. The mean total distance traveled for the 
patient/family to attend orthodontic appointments at the 
clinic was 3,758.23 km.
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Table 1. Results for the patients with unilateral cleft lip palate (UCLP) (Q37.1) (n = 54)

Data analyzed M Me SD Min Max 95% CI

Age at registration at the center [years] 4.83 3 5.07 0 18 1.35

Age at the start of treatment [years] 8.54 8 3.79 3 18 1.01

Age at the end of treatment [years] 17.78 18 1.89 13 21 0.50

Total treatment length [years] 9.24 10 3.65 2 16 0.97

Total number of appointments 62.91 62 30.62 14 153 8.17

Distance traveled [km] 5,466.95 2,890 7,836.99 0 36,408 2,090.26

Age at the start of treatment with a removable appliance (n = 49) [years] 7.94 7 3.44 3 17 0.92

Length of treatment with a removable appliance (n = 49) [years] 5.31 5 2.43 1 10 0.65

Number of removable appliances (n = 49) 4.12 4 2.67 1 16 0.71

Number of control appointments with a removable appliance (n = 49) 25.74 24 17.00 1 76 4.53

Age at the start of treatment with a fixed appliance (n = 52) [years] 13.21 13 2.15 7 18 0.57

Length of treatment with a fixed appliance (n = 52) [years] 3.10 3 1.83 1 9 0.49

Number of control appointments with a fixed appliance (n = 52) 22.81 23 10.67 6 66 2.85

Number of additional appliances 0.45 0 0.72 0 2 0.19

Number of missing teeth 0.11 1 0.32 0 1 0.08

Number of appointments caused by the damage of the appliance 1.13 1 1.63 0 6 0.43

Age at lip repair [months] 6.96 6 5.07 3 36 1.35

Age at palate repair [months] 18.09 12 13.85 5 96 3.69

Age at the alveolar bone grafting [years] 9.88 10 2.88 3 19 0.77

Number of oral surgical procedures 3.35 3 0.78 2 5 0.21

Number of days spent in the hospital 18.24 15 10.75 5 44 2.87

M – mean; Me – median; SD – standard deviation; min – minimum; max – maximum; CI – confidence interval.

Table 2. Results for the patients with bilateral cleft lip palate (BCLP) (Q37.0) (n = 19)

Data analyzed M Me SD Min Max 95% CI

Age at registration at the center [years] 4.53 5 4.36 0 13 1.92

Age at the start of treatment [years] 7.26 7 2.98 3 15 1.34

Age at the end of treatment [years] 17.42 18 3.45 10 24 1.55

Total treatment length [years] 10.16 11 5.06 2 19 2.27

Total number of appointments 66.26 73 35.89 14 140 16.14

Distance traveled [km] 3,758.23 2,199 3,979.69 0 15,120 1,789.45

Age at the start of treatment with a removable appliance (n = 17) [years] 6.53 7 2.07 3 10 0.93

Length of treatment with a removable appliance (n = 17) [years] 5.65 6 2.03 2 9 0.91

Number of removable appliances (n = 17) 4.24 3 2.99 1 11 1.34

Number of control appointments with a removable appliance (n = 17) 27.29 26 18.65 4 77 8.39

Age at the start of treatment with a fixed appliance (n = 16) [years] 12.94 13 1.39 11 16 0.62

Length of treatment with a fixed appliance (n = 16) [years] 3.50 3 1.82 1 8 0.82

Number of control appointments with a fixed appliance (n = 16) 21.06 23 8.79 2 32 3.95

Number of additional appliances 0.58 0 0.69 0 2 0.31

Number of missing teeth 0.21 1 0.53 0 2 0.24

Number of appointments caused by the damage of the appliance 0.42 0 1.02 0 4 0.45

Age at lip repair [months] 9.42 7 5.53 6 24 2.49

Age at palate repair [months] 23.37 24 9.14 12 48 4.11

Age at the alveolar bone grafting [years] 11.33 11 2.10 9 15 0.95

Number of oral surgical procedures 4.05 3 1.96 1 7 0.88

Number of days spent in the hospital 30.42 29 20.89 2 60 9.39
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From among all the analyzed cases with UCLP, 9% were 
treated without a  mobile appliance, and 4% without 
a  fixed appliance. In BCLP, these results were 11% and 
16%, respectively. The lack of  treatment with a  mobile 
appliance was in most cases caused by the late beginning 
of treatment. The average age at registration at the clinic 
was around 4  years in both groups; however, the maxi-
mum age was as much as 18 years old.

Discussion
The treatment of patients with CLP is long-lasting and 

requires a  lot of  commitment from both parents and 
patients. The initial malformation as well as the subse-
quent surgical procedures – the stitching of  the fissure 
within the lip and the palate – lead to scars that cause 
three-dimensional disorders in the development of  the 
maxilla, which causes complex malocclusion. The treat-
ment of patients with clefts consists of surgical and orth-
odontic procedures. The most commonly used surgical 
protocol is two-stage treatment – the suturing of cleft lip 
at around 6 months of age and of cleft palate at around 
12–18 months of  age. There is also a  single-stage treat-
ment protocol, in which the suturing of  the lip and the 
palate is performed simultaneously. In Poland, both sur-
gical treatment protocols are used, depending on the 
center where the treatment is carried out. Orthodontic 
treatment can be divided into early orthopedic treatment 
before cleft lip correction, orthodontic treatment dur-
ing the period of  primary dentition and treatment with 
mixed and permanent dentition. Early pre-surgical treat-
ment aims to bring the split tissues closer together and 
to minimize the extent of the subsequent surgery. Taping, 
McNeil’s plates and nasoalveolar molding (NAM) plates 
are used at this stage. After the treatment, the child is un-
der the constant care of the orthodontist, who monitors 
the eruption of the teeth in order to intervene at the right 
time. The postoperative scar of the jaw often disturbs the 
growth of  the maxilla, which makes it necessary to use 
rapid maxillary expansion and a facial mask. This usually 
takes place during the period of  mixed dentition. After 
obtaining the correct bite, we align the teeth with a fixed 
appliance. Meanwhile, surgical and prosthetic interven-
tions due to hypodontia, hyperdontia and the deforma-
tion of  individual teeth proceed.6,7 The same protocol 
of treatment is followed in Australia.8

Many centers around the world have analyzed the 
effects of the orthodontic treatment of people with CLP 
in terms of treatment burden for patients. In the compara
tive study of 5 treatment centers from Northern Europe 
mentioned in the introduction, the length of orthodontic 
treatment with the correlated total number of  appoint-
ments as well as the number of  days spent in the hos-
pital were analyzed.3 Their results were very divergent. 
The length of  treatment varied even 5.2  years between 

the  centers, and the number of  visits varied from 49 to 
even 96. The number of days spent in the hospital varied 
from 24 to 60. In another study, conducted in Oslo, patients 
with ULCP spent an average of 24.1 days in the hospital; 
orthodontic treatment with permanent dentition lasted 
2.4  years.9 Outside Europe, a  similar analysis was car-
ried out in Brazil, where orthodontic treatment lasted on 
average 11.68 years and required 61.89 visits.10 The data 
which we analyzed was age at the time of  the surgeries, 
the total number of surgeries and the total number of days 
spent in the hospital. Patients suffering from UCLP spent 
fewer days in the hospital (M: 18.24 days) than patients 
with BCLP (M: 30.42 days). This was due to the fact that 
UCLP required fewer surgical procedures as compared to 
BCLP (M: 3.35 and M: 4.05, respectively).

A large number of  surgical procedures results from 
the fact that some of  them must be repeated. Scientific 
research shows that in the case of  the split lip surgery, 
the procedure must be repeated within a  year in up 
to 36%  of  patients.11 But according to the results of  the 
Americleft study project, the use of secondary surgery did 
not lead to a  significantly better nasolabial appearance 
than what was achieved in children who underwent only 
primary surgery.12,13 The Americleft study project also 
showed that children with UCLP had fewer surgeries in 
the United States than in Europe; the mean number varied 
from 1 to 4.14 In Europe, the average number of days spent 
in the hospital by children with UCLP varied from 24 
to 60, depending on the center.3,15 Our results also show 
that the procedures were performed earlier in children 
with UCLP than in those with BCLP. The mean age at 
lip repair for UCLP was 6.96 months old, and for BCLP 
9.42 months old. The mean age at palate repair was 18.09  
and 23.37 months old, respectively.

The orthodontic treatment protocol used at the Division 
of  Facial Abnormalities, Wroclaw Medical University, 
includes treatment with a  removable appliance, maxil-
lary expansion if the patient requires it (according to 
other authors, up to 70% of patients need it16), and then 
treatment with a fixed appliance. If bone grafting to the 
alveolar process is needed, it is most often performed 
before or after maxillary expansion, considering that the 
appliance can be fixed only after about 3  months post 
bone grafting, but not later than 6 months.17 The average 
length of treatment with fixed appliances in patients with 
unilateral cleft was 3.1 years, which does not differ from 
the results from other centers. For example, in Oslo, the 
average duration of treatment with permanent dentition 
was 2.4 years.9 One of the hospitals in the UK has an aver
age score of  3.0  years.4 For comparison, the treatment 
of people without cleft with full dentition lasts on average 
19.9 months.18

In a  study whose goal was to calculate the amount 
of  treatment and the associated travel experienced by 
5  groups of  patients treated at different centers, the 
average duration of  the entire orthodontic treatment 
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ranged from 3.3 to 8.5  years.15 With these results, the 
average of  9.24  years obtained in our results does not 
look satisfactory. One of  the reasons may be the fact 
that patients treated at the center are included in the 
Program of  Orthodontic Care for Children with Facial 
Abnormalities. Due to the program, parents do not bear 
the costs of treatment. However, in the years 2002–2004, 
the program was not implemented, which raises the pre-
sumption that some parents could not afford to continue 
treatment. This is only the authors’ supposition, but tak-
ing this thesis into account would explain the extension 
of the treatment time.

Outside Europe, a similar retrospective study was con-
ducted in Brazil. There, the average duration of the entire 
orthodontic treatment was even longer – 11.68  years.10 
The comparison of the average values obtained in our re-
search vs other countries’ research is presented in Table 3. 
On the issue of BCLP, we can only compare our results 
with a London hospital. As initially assumed, in both stud-
ies, the results showed that the treatment of bilateral cleft 
was longer than in the case of  UCLP. According to the 
data from the present study, the average duration of treat-
ment with a removable appliance was 5.65 years, and with 
a fixed appliance 3.5 years. The total length of treatment 
was 10.16 years. In the study presented by Hameed et al., 
the mean time length values were 1 year for a removable 
appliance, 3 years for a fixed appliance and 3.5 years for 
total treatment.4 It is easy to notice that treatment with 
a  removable appliance lasted much longer in Wrocław 
than in London. This data is not sufficient to draw conclu-
sions, but it is alarming information supporting the need 
to carry out analyses in other centers. Conducting tests in 
several centers on larger groups of patients would make it 
possible to assess whether the problem really exists and 
to verify the possible causes of  the prolonged treatment 

with removable appliances. Some authors think that there 
is an association between the treatment outcome and in-
tensity; thus, a simple protocol with minimum economic 
burden can provide better or equally good outcomes with 
less burden of care.19

The analysis of  the number of  visits and the distance 
traveled by the patient for treatment at the clinic shows 
that for patients with BCLP, the number of visits was higher 
in proportion to the duration f  treatment (M:  66.26). 
However, this does not coincide at all with the distance 
traveled, with its average being 1,708.72  km higher for 
UCLP, despite a smaller number of visits (M: 62.91). The 
distance the patient had to travel was very small as com-
pared to patients from Brazil (M: 38,978.58 km).10 This is 
due to the high availability in Poland of clinics covered by 
the Program of Orthodontic Care for Children with Facial 
Abnormalities – there are 16 such clinics (data from the 
National Health Fund).

Conclusions
The orthodontic treatment of  patients with ULCP 

and BLCP is long-lasting and very burdensome for the 
patients. The treatment of  BLCP lasts longer and re-
quires more procedures than in the case of ULCP. The 
orthodontic-care burden of  patients ULCP and BLCP 
treated at the Division of Facial Abnormalities, Wroclaw 
Medical University, does not differ from that in other 
European countries. Therefore, considering that the es-
timation of the burden of care depends on the results ob-
tained, it should be remembered that a positive objective 
assessment of  treatment may not be synonymous with 
a subjective assessment by the patient,20 which requires 
further research.

Table 3. Comparison of own research results with those from other countries (the mean values for UCLP)

Data analyzed Wrocław
Eurocleft study3

Oslo9 Saõ 
Paulo10 London4

A B D E F

Age at registration at the center [years] 4.83 no data no data no data no data no data no data 0.29 no data

Age at the start of treatment [years] 8.54 no data no data no data no data no data no data 8.84 13.4

Total treatment length [years] 9.24 5.6 3.3 8.5 3.5 4.0 3.0 11.68 3.5

Total number of appointments 62.91 63 64 96 49 72 24.3 61.89 no data

Distance traveled [km] 5,466.95 no data no data no data no data no data no data 38,978.58 no data

Length of treatment with a removable appliance [years] 5.31 no data no data no data no data no data no data no data 1.0

Number of removable appliances 4.12 no data no data no data no data no data no data 11.01 no data

Age at the start of treatment with a fixed appliance [years] 13.21 no data no data no data no data no data 12.7 no data no data

Length of treatment with a fixed appliance [years] 3.10 no data no data no data no data no data 2.4 no data 3.0

Age at the alveolar bone grafting [years] 9.88 no data no data no data no data no data 9.7 13.36 no data

Age at lip repair [months] 6.96 no data no data no data no data no data no data 9.86 no data

Age at palate repair [months] 18.09 no data no data no data no data no data no data 25.16 no data

Number of oral surgical procedures 3.35 4.8 3.8 6.0 4.4 3.5 4.8 6.23 no data

Number of days spent in the hospital 18.24 33.0 31.0 60.0 24.0 26.0 24.1 no data no data
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Abstract
Background. Computer-aided design/computer-aided manufacturing (CAD/CAM) systems are widely 
used for the fabrication of porcelain-fused-to-metal (PFM) crowns.

Objectives. This study was conducted to compare PFM crowns through triple scanning in terms of mar-
ginal discrepancy between the CAD/CAM and lost-wax fabrication techniques. 

Material and methods. Twenty uniform resin dies of a prepared maxillary first molar were randomly 
divided into 2 groups: conventional lost-wax; and milling. Marginal discrepancy was evaluated at the 
framework and porcelain steps through triple scanning and direct visualization under a stereomicroscope. 
Then, the crowns were cemented to the related die and the marginal gap was measured with triple scan-
ning, direct visualization under a stereomicroscope and scanning electron microscopy (SEM). The data was 
analyzed using the independent t test and the one-way analysis of variance (ANOVA). The significance level 
was set at 0.05.

Results. Differences in the mean marginal gap were measured by the various evaluation methods. Triple 
scanning and stereomicroscopy identified increasing discrepancy during the fabrication process. According 
to the results of the independent t test, stereomicroscopy showed no difference after cementation between 
the CAD/CAM and lost-wax groups (p > 0.05), triple scanning showed higher fitness in the CAD/CAM 
group (p < 0.05), and SEM showed better adaptation in the lost-wax group (p < 0.05); however, there 
was a positive correlation between the findings of stereomicroscopy and SEM (p < 0.05).

Conclusions. The cobalt-chromium crowns had clinically acceptable marginal fitness from both the CAD/CAM 
and lost-wax techniques; however, the lost-wax group showed lower marginal discrepancy after cementation 
according to SEM.

Key words: computer-aided design, crown, dental marginal adaptation, metal-ceramic alloysCite as
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Introduction
The clinical durability of  porcelain-fused-to-metal 

(PFM) restorations stems from their exact adaptation to 
the abutment teeth.1 In the case of a misfit, some com-
plications would occur, such as dental caries,1 periodon-
tal disease,2–5 dental pulpitis,3 reduced long-term success 
of the PFM crown,3 and cement loss.4

Nickel-chromium and cobalt-chromium are popular 
alloys in PFM restorations. Due to nickel allergy and the 
toxicity of  beryllium, cobalt-chromium alloys are consi
dered the better alternative.4 They have some characteris-
tics, such as a  relatively low cost,5,6 stability in biological 
environments, corrosion resistance,4–6 and the ease of use 
in computerized milling methods.5 Cobalt-chromium 
alloys are used in the lost-wax and computer-aided design/
computer-aided manufacturing (CAD/CAM) methods.4–6

Metal frameworks are conventionally fabricated using 
the lost-wax and casting technique, in which certain 
drawbacks – such as the large number of  laboratory 
steps2,5 and the lack of a standard cement thickness – can 
increase the technical sensitivity and the number of  er-
rors. Digital methods and CAD/CAM systems have be-
come popular, as they reduce the number of  laboratory 
steps, have a simple fabrication procedure1 and are cost-
effective.6 It seems that the CAD/CAM method, with its 
fewer steps and less human interference, could lower the 
number of errors and enhance the fitness of restorations.

A marginal gap of less than 120 µ is clinically acceptable 
for long-term durability and restoration success accord
ing to a  study by McLean and von Fraunhofer.7 An  in
creased gap size exposes the cement and bonding mate
rials in the oral cavity, which gradually dissolve, producing 
a  space for tiny microorganisms to penetrate, and even 
larger ones over time. This process results in restoration 
loss and tooth caries. Moreover, plaque accumulation in-
creases and gingival health is endangered.8–10

The methods of evaluating the marginal gap could be cate
gorized as either destructive or non-destructive. Restora-
tions cannot be used after applying destructive methods like 
sectioning and scanning electron microscopy (SEM).11 Non-
destructive methods are commonly used and are classified 
into two-dimensional (2D) (like direct visualization under 
a  stereomicroscope, profilometry and the replica tech-
nique)12 and three-dimensional (3D) (like micro-computed 
tomography (micro-CT)13 and triple scanning14) methods.

Several studies have compared marginal adaptation 
between 2 techniques of fabrication of PFM restorations 
– lost-wax and CAD/CAM – using different evalua
tion methods1–6; however, the results are controversial 
and there is no consensus. The purpose of  the present 
study was to evaluate the marginal adaptation of cobalt-
chromium PFM crowns fabricated with the lost-wax and 
CAD/CAM techniques through direct visualization under 
a  stereomicroscope and triple scanning at the frame-
work and porcelain stages as well as after cementation. 

After cementation, all of the samples were evaluated using 
SEM as the gold standard.

The null hypotheses were as follows:
–	the marginal adaptation of  PFM crowns is similar in 

both fabrication methods (lost-wax and CAD/CAM);
–	the marginal adaptation of PFM crowns is similar at all 

fabrication steps (framework, porcelain and after ce-
mentation).

Material and methods

Preparation of the samples 

In this in vitro experiment, 20 uniform resin models 
of a maxillary first molar were milled from a single scan 
of  a prepared tooth for metal-ceramic restorations with 
the following features: a  1.5-millimeter radial shoul-
der finish line, an axial convergence of 6°, and an occlu-
sal reduction of 1.5 mm in the non-functional cusp and 
of 2 mm in the functional cusp at a level of 45°. In each 
model, some notches were prepared in the base part and 
outside of the finish line as reference points.

Impressions were made from all samples with the one-
stage putty and light-bodied wash technique using polyvinyl-
siloxane (Panasil®; Kettenbach, Eschenburg, Germany), then 
poured with type IV stone. The stone dies were randomly di-
vided into 2 groups: conventional lost-wax; and CAD/CAM.

Framework fabrication 

In the 1st group, a 30-micron spacer (Renfert® die:master 
system; Renfert, Hilzingen, Germany) was uniformly ap-
plied to the stone dies up to 1 mm from the finish line. 
The frameworks were waxed with 0.5-millimeter uniform 
wax (Renfert) with a lingual shoulder position 1 mm wide 
and 2 mm high. The wax patterns were then cylindered 
with an investment material (the Z4 universal investment; 
Neirynck & Vogt N.V., Schelle, Belgium), poured with 
a cobalt-chromium alloy (Wirobond® 280; Bego, Bremen, 
Germany), polished, and finished.

In the 2nd group, the stone dies were scanned using 
a laboratory scanner (an optical 3D scanner; Open Tech-
nologies, Rezzato, Italy). The frameworks were designed 
using the exocad® software (www.exocad.com), consider-
ing the same features as in the 1st group. The frameworks 
were milled from a  cobalt-chromium block (ARUM 
Dentistry, Seoul, South Korea), using a milling machine 
(ARUM Dentistry).

Framework fitness evaluation 

Stereomicroscopy: In both groups, the framework was 
seated on the related die and marginal discrepancy was 
observed under a  stereomicroscope (SZX16; Olympus, 



Dent Med Probl. 2020;57(4):417–422 419

Tokyo, Japan) at ×10 magnification. Photographs of  the 
samples were taken and the gap size was measured in mi-
crons using the AxioVision Microscopic Imaging software 
(release 4.8; Carl Zeiss, Oberkochen, Germany) at the fol-
lowing points: 4 line angles; and the midpoints of the buc-
cal, palatal, mesial, and distal margins. The mean values 
of these measurements were then compared.

Triple scanning method: In both groups, scan powder 
(Renfert® scan spray 1 × 200 mL (6.8 fl. oz.); Renfert) was 
sprayed onto the stone dies, the internal and external sur-
faces of the frameworks, and then all of the surfaces were 
scanned. Each framework was seated on the related die 
for the next scan. These scans were merged automatically 
in the software by reference points. After registration, 
marginal discrepancy was measured at the above points 
(Fig. 1).

Porcelain application and fitness evaluation 

In the next step, porcelain (Kuraray Noritake Dental 
Inc., Chiyoda-ku, Japan) with the same silicon index was 
applied in both groups by means of the layering technique 
(opaque, dentin and enamel) according to the manufac-
turer’s instructions. The prepared crowns were evalu
ated for marginal discrepancy with stereomicroscopy and 
triple scanning as mentioned above.

Cementation and fitness evaluation 

In the final step, all of  the crowns were cemented to 
the related dies with zinc phosphate (Hoffmann, Berlin, 
Germany) under a  10-newton load, using a  1-kilogram 
weight. The cemented crowns were evaluated in terms 
of  marginal discrepancy with stereomicroscopy and 
triple scanning. All crowns were then embedded in poly
ester and sectioned mesiodistally with a cutting machine 
(MECATOME® T 201 A; PRESI, Grenoble, France). The 
sectioned samples were evaluated under an electron micro
scope (Nova NanoSEM™ 450; FEI, Hillsboro, USA) at 
×800 magnification. Marginal discrepancy was measured 
at 2 axial points and the mean value was used for com-
parison (Fig. 2).

Data analysis and statistics 

The statistical analysis was performed using IBM SPSS 
Statistics for Windows, v. 22.0 (IBM Corp., Armonk, 
USA). The independent t test was used to compare the 
different fabrication methods at each step (framework, 
porcelain and cementation). The one-way analysis of vari-
ance (ANOVA) was used to evaluate the discrepancy at 
different steps in each group (lost-wax and milling). The 
significance level was set at 0.05.

Results
Marginal discrepancy was measured at each fabrica-

tion step (framework, porcelain and cementation) in both 
study groups.

Framework 

According to the independent t test results, triple scan-
ning showed a  smaller marginal gap in the CAD/CAM 
group (p  <  0.001), while stereomicroscopy revealed no 
significant difference between the 2 groups (p  >  0.05) 
(Table 1).

Porcelain 

After porcelain application, neither stereomicroscopy 
nor triple scanning showed significant differences in mar-
ginal discrepancy between the study groups (p  >  0.05) 
(Table 2).

Fig. 1. Discrepancy measurement at the mid-buccal point of the margin

Table 1. Mean marginal gap of the crowns fabricated with the 
computer-aided design/computer-aided manufacturing (CAD/CAM) 
and lost-wax techniques at the framework step

Evaluation method Study groups Marginal gap  
[µ] p-value

Stereomicroscopy
CAD/CAM 94.44 ±22.02

0.970
lost-wax 94.70 ±12.29

Triple scanning
CAD/CAM 57.75 ±9.61

<0.001
lost-wax 82.93 ±13.85

Data presented as mean (M) ± standard deviation (SD).

Fig. 2. Cross-sectional view of the cemented crown and marginal discrepancy 
measured at the 2 depicted points (A); evaluation at ×800 magnification, 
using the QUANTAX micro X-ray fluorescence (micro-XRF) software 
(www.bruker.com) 
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Cementation 

According to the independent t test results, a  smaller 
marginal gap was visible in the CAD/CAM group with 
triple scanning (p  <  0.05), while stereomicroscopy did 
not reveal any significant difference between the 2 groups 
(p > 0.05). By contrast, SEM showed a smaller marginal 
gap in the lost-wax group as compared to the CAD/CAM 
group (p < 0.05) (Table 3).

Marginal discrepancy changes  
at the fabrication steps 

The mean marginal gap was calculated at each step, for both 
methods and all samples. The results are presented below.

Triple scanning 

Based on the triple scanning evaluation of the steps, the 
marginal gap was 71.00 µ for the framework step, 110.69 µ 
for the porcelain step and 124.45 µ for the cementation 
step. The difference was significant according to the one-
way ANOVA (p < 0.05).

Stereomicroscopy 

Based on the stereomicroscopic evaluation of each step, 
the marginal gap was 94.58  µ for the framework step, 
102.55 µ for the porcelain step and 121.91 µ for the ce-
mentation step. The difference was significant according 
to the one-way ANOVA (p < 0.05).

Correlation of different 
measurement methods 

Pearson’s correlation test was used to evaluate the cor-
relation of the results of triple scanning, stereomicroscopy 
and SEM at different steps:
–	framework: there was no significant correlation be-

tween triple scanning and stereomicroscopy (correla-
tion: −0.22; p > 0.05);

–	porcelain: there was a  moderate negative correlation 
between triple scanning and stereomicroscopy (corre-
lation: −0.561; p < 0.05);

–	cementation: there was no significant correlation be-
tween triple scanning and stereomicroscopy (correla-
tion: –0.296; p > 0.05); a moderate positive correlation 
was found between stereomicroscopy and SEM (corre-
lation: 0.546; p < 0.05), but there was no significant cor-
relation between triple scanning and SEM (correlation: 
–0.417; p > 0.05).

Discussion
The purpose of  this study was to compare the mar-

ginal fitness of  PFM crowns between the lost-wax and 
CAD/CAM fabrication methods at different stages of the 
process (framework, porcelain and cementation), using 
3 evaluation methods – triple scanning, stereomicro
scopy and SEM. The null hypotheses were rejected. After 
cementation, SEM – as the gold standard method – re-
vealed significantly higher marginal adaptation in the 
lost-wax group, and the marginal gap increased signifi-
cantly through the fabrication steps (from framework to 
porcelain to cementation).

Stereomicroscopy 

No difference was found between the CAD/CAM and 
lost-wax methods at the framework step. This finding 
was consistent with studies conducted by Gunsoy and 
Ulusoy15 and Jung,1 but it was in contrast to the results 
of  studies performed by Nesse et al.5 and Kim et al.6 In 
2015, Nesse  et  al. reported better marginal adaptation 
in the CAD/CAM group. The difference could be due 
to the evaluation method, since Nesse  et  al. observed 
the replica under a microscope, which is more sensitive 
than direct visualization.5 In 2017, Kim et al. found higher 
marginal fitness in the lost-wax group. They used implant 
abutments as samples, and the detection of  gaps under 
a microscope could have been more difficult due to the 
loss of adequate contrast between the framework and the 
abutment.6

No difference was found between the CAD/CAM and 
lost-wax methods at the porcelain step, which was not 
consistent with the results of a study by Shokry et al., who 
reported lower marginal fitness in the lost-wax group.9 

Table 2. Mean marginal gap of the crowns fabricated with the CAD/CAM 
and lost-wax techniques at the porcelain step

Evaluation method Study groups Marginal gap  
[µ] p-value

Stereomicroscopy
CAD/CAM 100.81 ±19.52

0.690
lost-wax 104.12 ±16.87

Triple scanning
CAD/CAM 102.20 ±26.20

0.090
lost-wax 118.32 ±12.27

Data presented as M ±SD.

Table 3. Mean marginal gap of the crowns fabricated with the CAD/CAM 
and lost-wax techniques after cementation

Evaluation method Study groups Marginal gap  
[µ] p-value

Stereomicroscopy
CAD/CAM 119.87 ±30.76

0.730
lost-wax 123.75 ±17.46

Triple scanning
CAD/CAM 116.86 ±11.76

0.049
lost-wax 131.28 ±17.07

SEM
CAD/CAM 91.09 ±63.98

0.030
lost-wax 40.60 ±20.85

Data presented as M ±SD. 
SEM – scanning electron microscopy.
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Differences in the finish line, die material and CAD/CAM 
system could have caused these inconsistent results.

No difference was found between the CAD/CAM 
and lost-wax techniques after cementation; this find-
ing was not consistent with a study by Kaleli and Saraç, 
who reported significantly higher marginal fitness in the 
CAD/CAM group.2 This difference could be due to the 
use of different CAD/CAM systems, alloys and cementa-
tion procedures, or other unknown confounding factors.

The comparison of  the marginal gap through differ-
ent fabrication steps by means of  stereomicroscopy re-
vealed a  gradual increase in both the CAD/CAM and 
lost-wax groups. This finding was consistent with stu
dies conducted by Kaleli and Saraç,2 Shokry  et  al.9 and 
Hafezeqoran et al.10

Triple scanning 

According to the results of triple scanning, significantly 
higher marginal fitness was observed in the CAD/CAM 
group at the framework step, no significant difference 
was found between the 2 groups at the porcelain step 
and significantly higher marginal fitness was noted in the 
CAD/CAM group after cementation. The comparison 
of the marginal gap through different fabrication steps by 
means of  triple scanning revealed a  gradual increase in 
the gap size in both groups.

Scanning is a non-destructive 3D measurement method. 
In 2011, Holst et al. described the triple scanning method, 
tested it in 50 samples, and suggested it as a reliable and 
repeatable technique.14

In 2015, Kuhn  et  al. used a  charge-coupled device 
(CCD) camera to digitize a die with and without a respec-
tive replica.12 The scans were recorded with a direct regi
stration tool in the same alignment, and the difference in 
the point cloud of  the die with and without the replica 
represented the gap space. They claimed that a  digital, 
computer-based method could be beneficial for a  3D 
analysis, without information loss.12

Furthermore, Kane et al. used a 5-axis laser scanner to 
produce 3D models of dies with and without a replica, and 
evaluated marginal and internal fitness by superimposing 
2 scans.4 This method has the sensitivity of  the replica 
technique, but may lead to silicon tearing and scan errors.

In 2017, Park et al. used an intraoral scanner and soft-
ware for the 3D analysis of fitness.16 In their recommend-
ed technique, an intra-coronal, ceramic-type restoration 
was used, which has less reflection and does not require 
the application of  powder. Moreover, registration and 
superimposition were performed through intact nearby 
teeth. The authors only suggested the method and no fur-
ther research was done regarding its accuracy.16

In 2017, Dahl et al. used the triple scanning method as 
used in the present study to compare the internal fitness 
of single crowns (made of ceramic and cobalt-chromium) 
fabricated with different methods.17 This study found 

that lost-wax and conventional casting resulted in bet-
ter adaptation than CAD/CAM (the ceramic and metal 
framework),17 which was in contrast to the results of the 
triple scanning method in the present study. The differ-
ence could be due to the smaller sample size of the former 
study and the different scanners and software used.

Scanning electron microscopy 

The SEM evaluation after cementation showed better 
marginal fitness in the lost-wax group as compared to the 
CAD/CAM group.

It is worth noting that the mean marginal gap was 
clinically acceptable in both the CAD/CAM (91.09  μ) 
and lost-wax (40.60 μ) groups according to McLean and 
von  Fraunhofer, who considered a  gap size of  less than 
120 μ as a criterion for long-term stability and success.7

Comparison of different evaluation 
methods 

Scanning electron microscopy is considered a valid and 
reliable method and the gold standard, as it is based on 
different conductivities of  elements and is more accu-
rate. However, this method is not routinely used, because 
it requires advanced equipment and gold coating, and is 
therefore costly.3 It is destructive and evaluation is limited 
to the sectioned area.

Stereomicroscopy correlated with the gold standard, 
SEM. It is a  non-destructive method and can be per-
formed in all the parts of the margin. However, it is unable 
to evaluate the internal fitness and horizontal discrepan-
cy.14 The following points are important in stereomicro
scopy: fixing the samples during photography; setting the 
same angle in all samples; setting the appropriate image 
contrast in the software; avoiding human error in deter-
mining the points for gap measurement; and calibrating 
the measurement software.

Triple scanning showed no correlation with SEM and 
stereomicroscopy. One reason could be the inability to ap-
ply a uniform layer of the scan powder (especially on the 
inner surfaces of the crowns), which affects the accuracy 
of scans. Furthermore, difficult access to some areas (un-
dercuts and fissures) should be considered.12 Moreover, 
optical scanners cannot detect the thin edges or margins 
of the framework, which may result in the incorrect inter-
pretation of large discrepancy.

The application of  titanium oxide powder to scan the 
reflective intaglio surface of  the crown would produce 
a model that has a tighter fit than in reality because of the 
powder thickness. Holst et al.14 and Matta et al.18 found 
that this error was insignificant whereas it resulted in 
a  major inaccuracy in the present study. In the current 
study, the intaglio surface was registered as tighter, over-
lapping and passing the die surface in some areas after 
superimposition, and the cement space was omitted, 
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resulting in negative discrepancy. According to the results, 
the discrepancy measured by this method did not corre-
late with direct visualization under a stereomicroscope or 
SEM.

After scanning, the data should be recorded. This can 
be performed by superimposing points or surfaces to po-
sition the data in the same coordinates. This is one of the 
key steps of a 3D analysis. This step is also prone to some 
errors.19 We believe that triple scanning may not be trusted 
yet, and that more research is needed.

Conclusions
The cobalt-chromium crowns had a  clinically accept-

able marginal fitness from both the CAD/CAM and 
lost-wax methods; however, the lost-wax method was as-
sociated with lower marginal discrepancy after cementa-
tion. According to the results, triple scanning could not 
be trusted with regard to evaluating the fitness of  PFM 
crowns.
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Abstract
Background. Periodontitis, being a  chronic and multifactorial disease, affects oral health, and conse-
quently, the patient’s quality of life (QoL). The assessment of the oral health-related quality of life (OHRQoL) 
is possible with the Oral Health Impact Profile-14 (OHIP-14) questionnaire comprising 7 subdomains: 
functional limitation, physical pain, psychological discomfort, physical disability, psychological disability, 
social disability, and handicap.

Objectives. The aim of this study was to conduct a systematic review of cross-sectional or case–control 
studies concerning the impact of periodontitis on QoL measured with OHIP-14. The outcomes of the stu
dies were subjected to a meta-analysis. 

Material and methods. On the basis of a survey of databases (MEDLINE, Scopus, Google Scholar, and 
Polish Medical Bibliography – PBL), 1,346 titles related thematically to the impact of periodontitis on QoL 
were obtained and analyzed. Ten studies were considered eligible for evaluation (8 cross-sectional ones 
and 2 case–control ones).

Results. All studies indicated a significant influence of periodontitis on the deterioration of the OHIP-14 
values. This relationship was shown to be directly modified in proportion to the degree of the advance-
ment of the periodontal disease and to the extent of periodontal tissue damage. Our own meta-analysis 
confirmed the correlation between the prevalence of periodontitis and increased OHIP-14 scores with a cu-
mulative odds ratio (OR) of 1.33, demonstrated a moderately significant deterioration of the OHIP-14 scores 
by 4.2 points in the group with periodontitis as compared to the control group, and assessed the probability 
of OHIP-14 deterioration to be 3.5 times greater in severe periodontitis.

Conclusions. The impact of periodontitis on the deterioration of OHRQoL is quite clearly explained by the 
clinical symptoms of  periodontitis. According to patients, the most important problems that periodontitis 
may cause include psychological discomfort, stress, problems in interpersonal relations, or even difficulties in 
daily activities. This indicates the need for more of a holistic approach in planning the goals of the periodontal 
therapy, taking into account the psychological and social aspects of the patient’s perception of the disease.

Key words: periodontitis, meta-analysis, oral health, quality of life
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Introduction
Periodontitis is a chronic, multifactorial inflammatory 

disease associated with the dysbiosis of the bacterial bio-
film in periodontal pockets, which leads to damage to the 
attachment apparatus through an  inappropriate, usually 
excessive, host immune inflammatory response.1 Risk fac-
tors affecting the initiation and progression of periodon-
titis can be divided into 2 categories: non-modifiable (age, 
gender, race, and genotype) and modifiable (poor oral hy-
giene, presence of periopathogens in the biocenosis of the 
oral cavity, nicotine dependence syndrome, selected gene
ral diseases – uncontrolled diabetes, obesity or osteopo-
rosis – low socioeconomic status, poor dietary quality, 
and stress).2 The clinical consequences of  this progres-
sive damage to periodontal tissues have an impact on the 
health of the oral cavity in the physiological, psychologi-
cal and social aspects, which affects the patient’s quality 
of life (QoL).3

The current definition of oral health stresses the inter-
action between 3 basic elements: the impact of the extent 
and severity of  the disease on the patient’s health; the 
physiological functions of  speaking, smiling, chewing, 
and swallowing; and the social functions enabling unhin-
dered social coexistence.4 It also draws attention to the 
need to determine the impact of oral health on QoL (oral 
health-related quality of life – OHRQoL).4,5

The ability to measure OHRQoL allows oral health to 
be linked to both the subjective assessment of the patient’s 
wellbeing and potential limitations in social life. The as-
sessment of OHRQoL enables patient-centered care and 
helps to identify the needs for health promotion and pre-
vention programs.6 It is important, therefore, to demon-
strate whether and to what extent periodontitis and its 
severity affects the QoL of the population exposed to it, 
since it is second only to caries in terms of prevalence.

A psychometric test of QoL involves the patient filling 
out a questionnaire, which has been analyzed and validat-
ed beforehand. In modern dental epidemiology, it is pos-
sible to make the overall assessment of OHRQoL through 
such multiple indicators and indices as the Oral Impact on 
Daily Performance (OIDP), the Oral Health Index (OHX), 
the Geriatric Oral Health Assessment Index (GOHAI), 
the Liverpool Oral Rehabilitation Questionnaire (LORQ), 
and the Subjective Oral Health Status Indicators (SOHSI). 
Another group consists of indicators that estimate the im-
pact of specific conditions affecting the sensation of oral 
health, such as the Xerostomia-Related Quality of  Life 
Scale (XeQoLS), the Dentin Hypersensitivity Experience 
Questionnaire (DHEQ) and the Quality of Life With Implant 
Prostheses (QoLIP-10). In addition, there are health-related 
quality of  life (HRQoL) indicators that assess the physi-
cal, psychological and social impact of health conditions 
on an  individual’s wellbeing, e.g., the European Quality 
of  Life (EuroQol) instrument, the 36-Item Short-Form 
Survey (SF-36), the World Health Organization’s Quality 

of Life (WHOQOL) instrument, and the Sickness Impact 
Profile (SIP).7 One of the most popular questionnaires for 
the overall OHRQoL assessment is the Oral Health Impact 
Profile (OHIP-49)8 and its shortened version – OHIP-14.9 
It is based on Locker’s model, which assumes a  hierar-
chical impact of  the effects of  the disease and a sequen-
tial association with 7 dimensions of  QoL. This ques-
tionnaire assesses the patient’s perception of  the impact 
of oral health on the social aspect of their wellbeing.8 In 
the shortened version of OHIP, 14 questions are divided 
into 7 subdomains: functional limitation, physical pain, 
psychological discomfort, physical disability, psychologi-
cal disability, social disability, and handicap.9 The answers 
are structured on the basis of  a  5-point Likert scale, in-
dicating how often the oral cavity problems described in 
the questions have occurred (from 0 – never to 4 – very 
often). The score is the total of  the answers to all ques-
tions, ranging from 0 to 56; the higher the score, the more 
negative the perception of  the impact of  oral health on 
the patient’s QoL. The OHIP-14 questionnaire has been 
validated and translated into many languages, allowing its 
scores to be compared between specific populations. The 
Oral Health Impact Profile makes it possible to relate the 
scores to the clinical parameters of an oral health exami-
nation or sociodemographic factors. Based on the original 
OHIP questionnaire, attempts have been made to create 
specialized questionnaires on specific conditions that af-
fect oral health, including OHIP-Esthetics, OHIP-EDENT 
(for edentulous patients), OHIP-TMDs (for patients with 
temporomandibular disorders), OHIP-PD (for patients 
with the periodontal disease),10 and OHIP-CP (for patients 
with chronic periodontitis).11 The last 2 questionnaires are 
designed for people with periodontitis, and the questions 
included in them concern the most common symptoms 
and their impact on the patient’s wellbeing.

The aim of the study was to conduct a literature review 
on the impact periodontitis has on the most frequently 
used OHRQoL assessment indicator, which is the short-
ened OHIP-14. The review includes the best studies that 
assessed the impact of periodontitis along with its seve
rity and extent on the scores of this profile as well as the 
relationship between the subdomains of  this indicator 
and the diagnosis of periodontitis. The combined effect 
of these studies was assessed in a meta-analysis.

Methods
The following databases were thoroughly surveyed for ar-

ticles published through May 1, 2020: MEDLINE; Scopus; 
Google Scholar; and the Polish Medical Bibliography 
(PBL). Bibliographic lists were searched after the following 
terms had been entered: ‘periodontitis’, ‘periodontal dis-
ease’, ‘quality of life’, ‘oral-health-related quality of life’, and 
‘oral health impact profile’, which corresponds to the Medi-
cal Subject Headings (MeSH) key word database.
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The initial identification included the titles and ab-
stracts of articles on the impact of periodontitis on QoL. 
This resulted in 1,346 titles. Selection was then made by 
rejecting the titles of articles not related to the literature 
review. Subsequently, the number of titles was reduced 
by selecting original observational studies published in 
English, German, Russian, or Polish. Further selection 
required both reviewers (BPC and TK) to read the full 
text of a given article and take into account the following 
criteria:
–	the use of the shortened OHIP-14 version in a national 

language;
–	the application of  the definition of  periodontitis 

based on the measurements of  pocket depth (PD) 
and clinical attachment loss (CAL) or bone loss (BL) 
in radiographs;

–	a control group, defined as individuals with a clinically 
healthy periodontium or with gingivitis, not with peri-
odontitis;

–	a full periodontal examination of all teeth with at least 
4 measurement points;

–	observations among adults aged 18–70 years;
–	a cross-sectional or case–control study including con-

founding variables;
–	the estimation of  the strength of  the relationship be-

tween periodontitis and OHIP-14 with the mean differ-
ence (MD), relative risk (RR) or odds ratio (OR); alterna-
tively, available data to calculate one of these measures; 
and

–	for studies from the same country, the later one was 
taken into account, with a  preference for data from 
a national survey.
The following information was gathered about the stu

dies eligible for the final analysis: the authors; the country 
and year of publication; the number and age of the partici-
pants; the definition of periodontitis; the estimation of the 
link along with the confounding variables taken into con-
sideration; a significant demonstration of the relationship 
between the OHIP-14 subdomains and periodontitis; and 
the authors’ final conclusions.

To determine the combined effect of studies reporting 
on the impact of  periodontitis on the assessed Quality 
of  Life Index (QLI), a  model with a  variable effect was 
chosen (the DerSimonian and Lard method). For the 
combined studies, the total RR or raw mean difference 
(RMD) was determined along with the corresponding 
confidence interval (CI). A significance level of p < 0.05 
was adopted. The heterogeneity of  the selected studies 
was assessed using the Q test and I2 statistics, assuming 
a  significance level of  p  <  0.05. The cumulative impact 
of the severity of periodontitis (mild, moderate or severe) 
on the OHIP-14 values was analyzed as well. The publi-
cation bias was assessed with Egger’s test (with a signifi-
cance level of p < 0.05) and by creating a funnel plot. All 
analyses were carried out using the analysis kit of Statis-
tica, v. 13.1 (StatSoft, Kraków, Poland).

Results
There were 53 original observational studies with the 

assessment of the OHIP-14 index in individuals with the 
periodontal disease (Fig.  1). They were conducted from 
2006 to 2020 in the following countries: Brazil (n  =  11; 
Haye Biazevic  et  al.,12 da Silva Araújo  et  al.,13 Cohen-
Carneiro et al.,14 Bandéca et al.,15 de Freitas Borges et al.,16 
Palma et al.,17 Batista et al.,18 Meusel et al.,19 de Vasconcel-
los Maia  et  al.,20 Llanos  et  al.,21 and de Santana Passos-
Soares  et  al.22); India (n  =  5; Acharya,23 Fotedar  et  al.,24 
Sanadhya  et  al.,25 Grover  et  al.,26 and Yadav  et  al.27); 
the UK (n  =  5; Jowett  et  al.,28 Bernabé and Marcenes,29 
White et al.,30 Masood et al.,31 and Fuller et al.32); Turkey 
(n  =  4; Eltas  et  al.,33 Balci  et  al.,34 Ustaoğlu  et  al.,35 and 
Beşiroğlu and Lütfioğlu36); China (n  =  1; He  et  al.37); 
Hong Kong (n = 1; Ng and Leung38); New Zealand (n = 1; 
Lawrence  et  al.39); Australia (n  =  2; Mariño  et  al.40 and 
Slade and Sanders41); Sweden (n  =  2; Jansson  et  al.42 
and Kato et al.43); Germany (n = 2; Brauchle et al.44 and 
Sonnenschein et al.45); Norway (n = 1; Holde et al.46); Spain 
(n  =  2; Montero-Martín  et  al.47 and Montero  et  al.48); 
Belgium (n  =  1; Carvalho  et  al.49); the USA (n  =  2; 
Cunha-Cruz et al.50 and Wright et al.51); Mexico (n = 1; 
Rodríguez Franco and de la Rubia52); Israel (n  =  1; 
Levin et al.53); Jordan (n = 1; Al Habashneh et al.54); Sudan 
(n  =  1; Khalifa  et  al.55); Nigeria (n  =  1; Lawal  et  al.56); 
Jamaica, the Dominican Republic and Puerto Rico (n = 1; 
Collins et al.57); Malaysia (n = 1; Sulaiman et al.58); Nepal 
(n = 1; Goel and Baral59); Sri Lanka (n = 1; Wellapuli and 
Ekanayake60); Taiwan (n = 1; Wang et al.61); Poland (n = 1; 
Wąsacz  et  al.62); Romania (n  =  1; Grigoras  et  al.63); and 

Fig. 1. Flow chart of the study selection process for the systematic review

PBL – Polish Medical Bibliography; CPITN – Community Periodontal Index 
of Treatment Needs; CPI – Community Periodontal Index; OHIP – Oral 
Health Impact Profile; OHRQoL – oral health-related quality of life.
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Russia (n = 1; Drachev et al.64). Forty-three studies did not 
meet the inclusion criteria and were not part of the review 
and meta-analysis. The reasons for eliminating these stud-
ies were as follows: the use of the Community Periodontal 
Index of  Treatment Needs (CPITN) or the Community 
Periodontal Index (CPI) to assess the clinical condition 
of  periodontitis (n  =  15)13–15,18,20,24,25,28,31,33,44,47,48,55,56; no 
adopted definition of  periodontitis (n  =  7)21,26,34,45,57,62,63; 
the use of  an  outdated definition of  periodontitis from 
1999 or before (n = 7)16,17,23,38,40,51,52; the assessment of in-
dividuals who were too old or too young (n = 5)12,30,43,49,64; 
no control group (n  =  5)19,27,58,60,61; a  lack of  complete 
OHIP data (n = 3)36,46,59; and an inadequate methodology 
of the OHRQoL indicator.50

Ten studies (8 cross-sectional and 2 case–control; 8 lo-
cal and 2 national) were eligible for the review and meta-
analysis (Table 1).22,29,32,35,37,39,41,42,53,54 All of them showed 
a significant impact of the diagnosis of periodontitis (de-
fined by the measurements of PD and CAL) on the de-
terioration of OHIP-14. In addition, the studies indicated 
that the association between the prevalence of periodon-
titis and OHRQoL was directly modified by the stage and 
extent of periodontal tissue damage32,37,54 relative to the 
number of preserved teeth.42 The quality of the selected 
articles is evidenced by the number of  variables taken 
into account, related to both periodontitis and OHRQoL, 
which distorted these observations. The most frequently 
assessed confounding factors were age (n  =  8), gender 
(n = 8), the markers of the socioeconomic status (n = 7), 
nicotinism (n = 6), and the number of teeth (n = 6). Eight 
observations recorded the effect of  periodontitis on the 
OHIP-14 subdomains.22,32,35,37,39,42,53,54 Seven of  them 
showed a significant impact on psychological and physi-
cal disability, 6 of them showed an impact on psychologi-
cal discomfort, social disability and handicap, and 5 on 
functional limitation and physical pain. 

In 5 of the studies eligible for the meta-analysis, in which 
the relationship between periodontitis and OHIP-14 
was expressed with the adjusted odds ratio (aOR), 
a statistically significant relationship was shown, although 
not a very strong one.22,29,32,37,39 The strongest correlation 
was in the Chinese report – aOR for severe periodonti-
tis was 1.63 with 95% CI ranging from 1.41 to 1.98.37 The 
relatively weakest correlation, although also statistically 
significant, was found in the New Zealand study, in which 
OR, adjusted by only 3 confounding variables, was 1.49 
with a fairly wide 95% CI: 1.01–2.19.39 In our own meta-
analysis of  these 5 studies, involving a  total of 1,869 in-
dividuals with periodontitis and 2,805 individuals in the 
control group from 4 countries (New Zealand, the UK, 
Brazil, and China), the relationship between the preva-
lence of  periodontitis and an  increase in the OHIP-14 
index had a cumulative OR of 1.33 (95% CI: 1.25–1.43); 
p < 0.001 (Fig. 2). The analysis of heterogeneity of these 
5 studies did not confirm this relationship (Q  =  3.66; 
p = 0.45; I2 = 0%; 95% CI: 0–78.6).

In the case of 7 studies eligible for the meta-analysis 
in which the difference between the periodontitis group 
and the control group was assessed through a  differ-
ence in the mean values of the OHIP-14 index, in each 
study, the mean OHIP-14 value was significantly higher 
with exposure to periodontitis.22,32,35,41,42,53,54 These dif-
ferences were quite diverse, ranging from 9.7 points for 
severe periodontitis in a  recent English study32 to only 
2.8 points in an  Australian study.41 The meta-analysis 
of  these 7 studies, including a  total of  1,981 individu-
als with periodontitis and 3,472 individuals in the con-
trol group from 7 countries (Australia, Jordan, Sweden, 
Brazil, Israel, Turkey, and the UK) showed a  moder-
ately significant deterioration of  the OHIP-14 index 
by 4.2 points (95% CI: 3.10–5.31); p  <  0.0001 (Fig.  3). 
The results were heterogeneous (Q  =  36.95; p  <  0.001; 
I2 = 83.76%; 95% CI: 68.1–91.7).

Fig. 2. Forest plot of the adjusted odds ratio (aOR) of the Oral Health 
Impact Profile-14 (OHIP-14) in periodontitis

n1 – size of the periodontitis group; n2 – size of the control group.

Fig. 3. Forest plot of the raw mean difference (RMD) in the Oral Health 
Impact Profile-14 (OHIP-14) in periodontitis

RMD – raw mean difference.
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Table 1. Characteristics of the selected studies

Author, 
year, country

Number  
(age [years])  

of the participants

Definition 
of periodontitis

Confounding 
variables assessed

Effect 
of periodontitis 

on OHIP-14

Subdomains relevant for 
periodontitis Main conclusion

Lawrence et al.39

2008, New Zealand
cross-sectional,
local study

PG – 181 (32)
C (no P) – 269 (32)

1 site
with PD ≥ 4 mm

and 2 sites
with CAL ≥ 4 mm

–	 age
–	 gender
–	 socioeconomic 

status

PG – OR: 1.49
(95% CI: 1.01–2.19)

p = 0.0424

–	 physical pain
–	 psychological 

discomfort
–	 physical disability

a significant impact 
of periodontitis on 
the deterioration 

of OHRQoL

Bernabé and 
Marcenes29

2010, the UK
cross-sectional,
national study

PG – 968
C (no P) – 2,154

average age for the 
whole group
– 41.2 years

1 interdental site
with PD ≥ 4 mm

and 2 interdental sites
with CAL ≥ 4 mm

–	 age
–	 gender
–	 number of teeth
–	 education
–	 income
–	 place of residence

PG – RR: 1.26
(95% CI: 1.15–1.38)

p < 0.001
NR

a significant impact 
of periodontitis on 
the deterioration 

of OHRQoL

Slade and Sanders41

2011, Australia
cross-sectional,
national study

PG – 1,067 (54.6)
C (no P) – 2,657 (39.4)

2 sites
with PD ≥ 5 mm

or 2 sites
with CAL ≥ 4 mm

–	 number of teeth
average OHIP-14 score:
9.5 ±13.1 vs 6.7 ±11.3

p < 0.001
NR

a significant impact 
of moderate and 

severe periodontitis 
on the deterioration 

of OHRQoL

Al Habashneh et al.54

2012, Jordan
cross-sectional,
local study

PG – 233 (18–60)
C (G) – 167 (18–60)

4 teeth with 1 site
with PD ≥ 4 mm
and CAL ≥ 3 mm

–	 age
–	 gender
–	 number of teeth
–	 education
–	 income
–	 general diseases
–	 nicotinism 

sP:
15.57 ±7.5 vs 9.50 ±7.1

p < 0.001
mrP:

12.55 ±7.4 vs 9.50 ±7.1
p < 0.050
mP: NS

–	 physical pain
–	 physical disability
–	 psychological disability
–	 social disability
–	 handicap

a significant impact 
of periodontitis on 
the deterioration 

of OHRQoL; the more 
severe periodontitis, 

the greater the impact

Jansson et al.42

2014, Sweden
cross-sectional,
local study

lP – 83 (59.9)
gP – 45 (64.4)

C (no P) – 293 (42.5)

PD ≥ 4 mm
and BL ≥ 33%

of the root length;
lP < 30% of the teeth

with BL ≥ 33%
of the root length,

gP ≥ 30% of the teeth
with BL ≥ 33%

of the root length

–	 age
–	 gender
–	 number of teeth
–	 education
–	 nicotinism

average OHIP-14 score:
gP:

8.47 ±10.4 vs 3.91 ±5.4
p < 0.001
lP vs C: NS

–	 functional limitation
–	 psychological 

discomfort
–	 physical disability
–	 psychological disability
–	 social disability
–	 handicap

a significant 
impact of severe 
and generalized 
periodontitis on 
the deterioration 

of OHRQoL

de Santana Passos-
Soares et al.22

2018, Brazil
cross-sectional,
local study

PG – 91 (NA)
C (no P) – 60 (NA)

4 teeth
with at least 1 site
with PD ≥ 4 mm
and CAL ≥ 3 mm

–	 age
–	 gender
–	 education
–	 nicotinism

average OHIP-14 score:
13.15 ±1.1 vs 7.97 ±1.0

p < 0.010
PG – OR: 1.63

(95% CI: 1.03–2.58)
p = 0.0370

–	 psychological 
discomfort

–	 psychological disability

a significant impact 
of the co-occurrence 

of periodontitis 
and caries  on 

the deterioration 
of OHRQoL

Levin et al.53

2018, Israel
case–control,
local study

PG – 98 (38.8)
C (no P) – 48 (37.7)

PD ≥ 4 mm
and BL ≥ 3 mm

–	 age
–	 gender
–	 nicotinism

average OHIP-14 score:
10.65 ±8.5 vs 6.66 ±5.8

p = 0.004

–	 functional limitation
–	 physical disability
–	 psychological disability
–	 social disability
–	 handicap

a significant impact 
of periodontitis on 
the deterioration 

of OHRQoL

He et al.37

2018, China
cross-sectional,
local study

PG – 296 (35–74)
C (no P) – 184 (35–74)

at least
2 interdental sites
with PD ≥ 4 mm
and CAL ≥ 3 mm

or 1 site
with PD ≥ 5 mm;

def. acc. CDC/AAP

–	 age
–	 gender
–	 number of teeth
–	 education
–	 income
–	 place of birth
–	 nicotinism

sP – OR: 1.63
(95% CI: 1.41–1.98)

p < 0.010
mrP – OR: 1.42

(95% CI: 1.24–1.63)
p < 0.010
mP: NS

–	 functional limitation
–	 physical pain
–	 psychological 

discomfort
–	 physical disability
–	 psychological disability
–	 social disability
–	 handicap

a significant impact 
of periodontitis on 
the deterioration 

of OHRQoL; the more 
severe periodontitis, 

the greater the impact

Ustaoğlu et al.35

2019, Turkey
cross-sectional,
local study

PG – 114 (39.2)
C (G) – 109 (23.7)

4 teeth in the mandible 
and maxilla

with at least 1 site
with PD ≥ 5 mm
and CAL ≥ 4 mm

–	 general diseases
average OHIP-14 score:
13.53 ±9.4 vs 7.06 ±5.0

p < 0.001

–	 functional limitation
–	 physical pain
–	 psychological 

discomfort
–	 physical disability
–	 psychological disability
–	 social disability
–	 handicap

a significant impact 
of generalized 

periodontitis on 
the deterioration 

of OHRQoL

Fuller et al.32

2020, the UK
case–control,
local study

PG – 333 (25–50)
C (no P) – 138 (24–64)

at least 1 site
with PD ≥ 5 mm
and CAL > 0 mm

–	 age
–	 gender
–	 race
–	 number of teeth
–	 socioeconomic 

status
–	 BMI
–	 general diseases
–	 nicotinism

average OHIP-14 score:
sP:

14.89 ±10.8 vs 5.20 ±6.6
p < 0.001

mP:
8.94 ±7.6 vs 5.20 ±6.6

p < 0.05
PG – OR: 1.40

(95% CI: 1.18–1.66)
p < 0.001

–	 functional limitation
–	 physical pain
–	 psychological 

discomfort
–	 physical disability
–	 psychological disability
–	 social disability
–	 handicap

a significant impact 
of periodontitis 

(classification from 
1999 and 2007) on 
the deterioration 

of OHRQoL; the more 
severe periodontitis, 

the greater the impact

PG – periodontitis group; C – control; P – periodontitis; G – gingivitis; lP – localized periodontitis; gP – generalized periodontitis; NA – not available;  
PD – pocket depth; CAL – clinical attachment loss; BL – bone loss; CDC/AAP – the Centers for Disease Control/American Academy of Periodontology;  
BMI – body mass index; CI – confidence interval; RR – relative risk; sP – severe periodontitis; mrP – moderate periodontitis; mP – mild periodontitis;  
NS – nonsignificant; OR – odds ratio; NR – not reported.
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The meta-analysis of  3 studies in which the im-
pact of  the severity of  periodontitis on the probability 
of OHIP-14 deterioration was assessed was also carried 
out (Fig.  4).32,37,54 Mild periodontitis did not change the 
likelihood of  OHRQoL deterioration, while moderate 
periodontitis significantly increased this probability by 
64% (95% CI: 1.12–2.40); p = 0.012, and severe periodon
titis increased the probability by approx. 3.5 times 
(95% CI: 1.32–9.73); p = 0.012. The higher OR values in 
this meta-analysis in relation to the one shown in Fig. 2 
result from combining the unadjusted and converted 
measures of MD for 2 observations.32,54

The visual analysis of  the funnel plot (Fig. 5), the no-
ticeable symmetry of  the distribution of  the 7 points 
representing the results of the meta-analysis shown in the 
forest plot in Fig. 3 and the insignificance of Egger’s test 
(b0: −1.6; 95% CI: −5.28–2.08; p = 0.31) indicate an insig-
nificant publication bias. Out of  the 7 studies analyzed 
with the funnel plot, 3 of them are outside 95% CI, which 
indicates a large variety of these results.

Discussion
For the review and meta-analysis of studies on the link 

between periodontitis and QoL assessed with the most 
commonly used OHIP-14 index, articles of the best pos-
sible methodological quality were selected. The quality 
assessment of the 2 included case–control studies32,53 ac-
cording to the Newcastle–Ottawa Scale (NOS)65 indi-
cated an average quality (7 stars). An important inclusion 
criterion was the definition of  periodontitis using the 
measurements of PD and CAL, which is consistent with 
the current views on the assessment of  the periodontal 
status for epidemiological and clinical purposes. Studies 
that considered the impact of  confounding variables by 
applying multiple or logistic regression were also in-
cluded. The introduction of a range limit for age in which 
periodontitis is one of  the most common oral diseases, 
while minimizing the impact of  tooth loss, was of great 
importance as well.

In all of  these studies, a  significant deterioration 
of  OHRQoL under the influence of  periodontitis was 
found, and this impact increased with the severity and 
extent of  periodontopathy. This was reflected in the 
meta-analysis – periodontitis increased the probability 
of OHRQoL deterioration by 33%, and a significant im-
pact of moderate and severe periodontitis was 64% and 
358%, respectively. No reference was found in the avail-
able literature for our own meta-analysis. The unambigu-
ity of these findings is distorted only by the heterogeneity 
of studies in which the correlation measure was expressed 
with MD (Fig. 3). This was probably due to the type of re-
search conducted as well as to subjective differences in 
emotional patterns for experiencing discomfort, disabi
lity and pain among populations from different conti-
nents (East and West Asia, Oceania, Europe, and South 
America). Three systematic literature reviews (SLRs) on 
the impact of periodontitis on OHRQoL are not as unam-
biguous as our review.66–68 In the first one, Al-Harthi et al. 
indicated that 3 out of 4 studies showed a significant rela-
tionship between periodontitis and OHIP-14.66 This was 
not confirmed in the Australian study by Marinõ et al.40 
In another review, Buset  et  al. selected 15 studies on 
this relationship and its significance was confirmed 
in 12 of  them.67 No such relationship was found by 
Marinõ et al.,40 Montero-Martín et al.47 or Bandéca et al.15 
In the latest available SLR on the impact of periodonti-
tis on OHIP-14, a  significant relationship was found in 
18 out of 22 of the selected observational studies.68 This 
was not confirmed in the study by Bandéca  et  al.,15 an-
other Brazilian study by Batista  et  al.,18 an  Indian study 
by Sanadhya et al.,25 or the study in our own review, re-
garding the observations among homeless people in Hong 
Kong (the study was excluded on the 3rd stage of  selec-
tion).69 All of those observations, in which this significant 
relationship was not found, combined 2 methodological 
characteristics –  the assessment of  the condition of  the 

Fig. 5. Funnel plot with pseudo 95% confidence intervals (CIs)

SE – standard error.

Fig. 4. Forest plot of the odds ratio (OR) of the Oral Health Impact Profile-14 
(OHIP-14) in mild, moderate or severe periodontitis
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periodontium and a definition of the periodontal disease 
based on CPI as well as a partial protocol for oral health 
testing. It seems that an  incorrect determination of  the 
rate of prevalence for periodontitis and a lack of the as-
sessment of the periodontal status for all teeth may inter-
fere with observations regarding the impact of periodon-
titis on OHRQoL.

The impact of  periodontitis on the deterioration 
of OHRQoL is quite clearly explained by the influence 
of clinical symptoms such as gingival redness and swell-
ing, bleeding while brushing the teeth, gingival reces-
sions, often associated with the excessive sensitivity 
of the exposed dentin, tooth mobility, pathological tooth 
migration (PTM), or recurrent halitosis on the dys-
functions of  the stomatognathic system, red complex 
esthetics and self-assessment. These symptoms should 
be associated only with the periodontal disease; thus, in 
observational studies, they should be controlled for by 
taking into account many local factors that may distort 
them, e.g., caries, mouth and facial pain, an  increased 
tooth sensitivity, or the loss of tooth functionality (less 
than 10 interdental contact points) and severe tooth loss 
(less than 10 teeth).

In the last 3 studies included in the final part of  our 
literature review,32,35,37 a significant relationship was con-
firmed between all subdomains of the OHIP-14 index and 
periodontitis. The consideration of  earlier studies indi-
cated psychological limitation (embarrassment, difficul-
ty in being relaxed) and physical limitation (difficulty in 
toothbrushing and eating) as subdomains most frequently 
associated with periodontitis. In turn, pain, discomfort 
and functional limitation were indicated relatively rarely. 
The predominance of the impact of periodontitis on the 
psychological and social subdomains of  OHRQoL was 
also noted by Buset et al. in their literature review.67 This 
indicates the predominance of problems experienced by 
periodontal patients which very often go unnoticed dur-
ing treatment, which is usually provided only to inhibit 
functional limitation, eliminate pain and improve an es-
thetic effect. However, in the patients’ perception, the 
most important problems that periodontitis may cause 
are psychological discomfort, embarrassment, stress, 
problems in interpersonal relations, and even difficul-
ties in everyday activities. This shows the need for even 
greater holistic planning as regards periodontal therapy 
goals. Lawrence et al. found that the severity of periodon-
titis led to an increase in the values of only some subdo-
mains, not to an increase in all subdomains that showed 
incorrect values.39 This may indicate that the progression 
of periodontitis affects the quality of particular OHRQoL 
subdomains and does not affect them all. He  et  al., on 
the other hand, showed that with an  increase in the se-
verity of  periodontitis, there is a  significant increase in 
the highest-scoring answers to the questions in all sub-
domains.37 These differences may be caused by national, 
racial or socioeconomic discrepancies.

The literature review and the resulting meta-analysis 
have a number of limitations. Firstly, there is a risk of se-
lection bias. Only in 5 of the selected studies was random-
ized sampling performed.29,37,41,42,54 A lack of the random 
selection of individuals for an epidemiological inquiry runs 
the risk of it being unrepresentative of the general or local 
population. This particularly concerns surveying indivi
duals in academic centers. Secondly, not all confounding 
variables can be controlled for. In 4 studies, only 1–3 con-
founding variables were taken into account.35,39,41,53 Many 
of  these studies show that general diseases associated 
with periodontitis and OHRQoL, such as diabetes, meta
bolic syndrome, osteoporosis, and local clinical condi-
tions, e.g., caries, odontogenic pain and discomfort as-
sociated with prosthetic restorations, are not controlled 
for. Thirdly, the nature of  an  observational study in the 
form of a cross-sectional or case–control study does not 
unequivocally establish that exposure to periodontitis re-
sults in a  reduced sense of  QoL, since OHRQoL before 
periodontopathy is unknown. In addition, cross-sec-
tional studies are highly exposed to the risk of selection 
bias. Fourthly, there is a possibility of observer bias. This 
is often the case when there is no process of calibrating 
examiners, or assessing inter- or intra-examiner repro-
ducibility, especially in the clinical assessment of  CAL. 
In the studies included in our review, such a procedure 
was performed only in 5 of them.22,29,35,37,54 The possibility 
of making a diagnostic error can come from adopting dif-
ferent definitions of periodontitis based on PD and CAL 
measurements. Currently, the definition of periodontitis 
by Eke et al.,70 subsequently adopted by the Centers for 
Disease Control/American Academy of  Periodontology 
(CDC/AAP), is considered to be the gold standard for 
epidemiological periodontal research. This literal defini-
tion was used only in the study by He et al.37 Finally, there 
are limitations due to the use of the OHIP-14 index and 
varying methodologies for a subjective psychometric test. 
The questions contained in this questionnaire do not re-
late directly to the condition of the periodontium, which 
may lead to incorrect answers, especially when the ques-
tionnaire is self-administered. To reduce memory bias, 
one should limit the timeframe of the events being asked 
about. The best solution is to appoint a second examiner 
for a psychometric test who is blinded to the clinical con-
dition of the periodontium, or to conduct such tests be-
fore the clinical examination. In the vast majority of stu
dies eligible for this review, the psychometric test process 
was not described in sufficient detail.

This literature review and innovative meta-analysis pro-
vides further evidence on the relationship between peri-
odontitis and OHRQoL, with a strong influence of the se-
verity and extent of periodontopathy of a dose-effect type. 
The impact of periodontitis on the psychological and so-
cial aspects of the patient’s perception of the disease has 
been shown, which should be taken into account for treat-
ment purposes. Recommendations for further studies on 
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the relationship between periodontitis and OHRQoL in-
dicators include conducting more high-quality European 
(including Polish) studies in this area, using QoL indica-
tors profiled for periodontitis, using a  comprehensive 
protocol for oral health testing as well as defining the 
prevalence rate, severity and extent of  periodontitis ac-
cording to CDC/AAP, controlling for the widest possible 
spectrum of  local and general confounding factors, and 
conducting randomized, controlled studies on the impact 
of  non-surgical and/or surgical treatment on OHRQoL 
indicators.
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Abstract
Background. The myosin 1H (MYO1H) gene, located on chromosome 12, encodes the unconventional 
MYO1H protein, which is involved in the intracellular movement and morphology of chondrocytes, and 
plays a vital role in the prognathism or retrognathism of the mandible.

Objectives. The objective of this study was to assess the relationship between the polymorphisms of the 
MYO1H gene and mandibular prognathism in the Iranian population. 

Material and methods. The current project evaluated 64 patients with mandibular prognathism re-
quiring orthognathic surgery and 60 controls with skeletal class I occlusion. Genome amplification was 
performed using specific primer pairs to assess the rs10850110 and rs11611277 polymorphisms of  the 
MYO1H gene through the polymerase chain reaction (PCR). The restriction fragment length polymorphism 
(RFLP) technique was used to detect single-nucleotide polymorphisms. The data was analyzed using the 
χ2 test.

Results. The patient and control groups were not significantly different in terms of  age or gender 
(p > 0.05). In all, 3.1% of patients and 6.7% of controls had the rs10850110 polymorphism (p = 0.680), 
and 1.6% of patients and 5% of controls had the rs11611277 polymorphism (p = 0.602).

Conclusions. No significant correlation was noted between the rs10850110 and rs11611277 polymorphisms 
of the MYO1H gene and mandibular prognathism in the Iranian population. However, the lower frequency 
of these polymorphisms in the patient group suggests a possible association with mandibular retrognathism, 
which needs to be investigated with a larger sample size.

Key words: polymorphism, class III malocclusion, MYO1H gene, single-nucleotide polymorphism, prognathism
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Introduction
Several environmental and genetic factors are impli­

cated in the development of malocclusion. Despite a high 
prevalence of craniofacial disorders,1 the role of genetic 
factors in their occurrence is not well understood.

Skeletal class III malocclusion can be caused by man­
dibular prognathism, maxillary deficiency or the com­
bination of both, and is among the most severe skeletal 
deformities in orthodontics.2 Class III malocclusion can 
cause both functional and social disabilities.3–5 It is be­
lieved to be a polygenetic disorder, which occurs as the 
result of the interaction of genetic and environmental fac­
tors.6 Genes play a prominent role in mandibular progna­
thism.7 Evidence shows that the prevalence of mandibular 
prognathism is the highest in East Asia (15–23%), mode­
rate in Africa (3–8%) and the lowest in the European 
ethnicity (0.48–4%).8,9 The prominent role of genes in the 
class  III phenotype has been documented, and human 
studies have demonstrated an  autosomal dominant ge­
netic pattern in class III malocclusion.10 The myosin 1H 
(MYO1H) gene encodes a protein that plays a role in the 
cellular movement, phagocytosis and the vesicular trans­
fer. This gene is composed of  107,121 base pairs and is 
located on human chromosome 12. It is also involved 
in the mandibular growth by producing cartilage at the 
condylar head and determining the morphology of chon­
drocytes.11,12 Moreover, the expression of this gene in the 
masseter muscle of patients with class II malocclusion is 
higher than its expression in the masseter muscle of class 
III patients.13

Tassopoulou-Fishell et al. were the first to report an as­
sociation between mandibular prognathism and MYO1H 
(rs10850110) in a Hispanic group.14 This association was 
also confirmed by Cruz  et  al. and Burnheimer  et  al. in 
Brazilian and African American groups.15,16

However, recent studies by Cunha et al. and Arun et al. 
could not find any significant association between 
rs10850110 and mandibular prognathism and retrogna­
thism in Brazilian and Hispanic populations.17,18

Since the original linkage result, which pointed to the 
MYO1H locus as associated with skeletal malocclusion, 
referred to a group of Hispanic families,14 the aim of this 
project was to evaluate this result in the Iranian popula­
tion.

Material and methods
Subjects of both sexes between 16 and 30 years of age 

were included in this study. This case–control study 
evaluated skeletal class III malocclusion patients (41 fe­
males and 23 males) who were candidates for orthogna­
thic surgery, and were selected from among those pre­
senting to the university hospitals affiliated to the Shahid 
Beheshti University of Medical Sciences in Tehran, Iran, 

and 5 orthodontic clinics. The control subjects (38 fe­
males and 22 males) were skeletal class I occlusion pa­
tients who were apparently healthy and had a socioeco­
nomic status comparable to that of  the patient group. 
Patients were recruited for this study from January 2015 
to January 2017. This study was approved by the ethics 
committee of the Shahid Beheshti University of Medical 
Sciences (IR.SBMU.RIDS.REC.1396.49).

The inclusion criteria for the patient group were as fol­
lows: patients >16 years old whose growth and develop­
ment had been terminated; and skeletal class III malocclu­
sion patients with mandibular prognathism (SNB > 82°).

The exclusion criteria for the patient group were as 
follows: patients with other types of  malocclusion, syn­
dromic and metabolic conditions or endocrine disorders; 
patients with skeletal class III malocclusion due to maxil­
lary retrognathism; and patients with dental class III mal­
occlusion.

The inclusion criteria for the control group were the fol­
lowing: patients aged >16 years with class I occlusion or 
malocclusion and the orthognathic profile; patients with­
out syndromic, congenital, systemic, or endocrine ano­
malies; ANB of 2–4°; and the Wits appraisal of 0–2 mm.

Subjects were selected using convenience sampling. 
The minimum sample size was calculated to be 60, as­
suming α = 0.05 and a study power of 80%.

The demographic information about the patients and the 
controls was collected using a questionnaire. The patients 
and the controls were briefed about the study and written 
informed consent was obtained from them. Next, 5  mL 
of  peripheral venous blood was obtained from the sub­
jects and collected in tubes containing ethylenediamine­
tetraacetic acid (EDTA).

Extraction of genomic DNA 

DNA was extracted from the peripheral blood samples 
using the salting-out technique.

Quantitative and qualitative assessment 
of the extracted DNA 

After the extraction of  DNA, its quality and quantity 
were evaluated using BioPhotometer® (Eppendorf AG, 
Hamburg, Germany). Table 1 presents the names and se­
quences of the specific primers used. Using primer pairs, 
the MYO1H gene was amplified with the polymerase 
chain reaction (PCR) program.

Assessment of the quality of the PCR 
products on 1.5% agarose gel 

The PCR products along with the markers were 
electrophoresed to assess their quality, size and quan­
tity. If the PCR products had favorable quality and 
the respective segment had been amplified, they were 
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subjected to sequencing. The PCR restriction fragment 
length polymorphism (RFLP) technique was then em­
ployed to detect the genotypes.

Statistical analysis 

Eventually, a cephalometric analysis was performed to 
determine SNA, SNB, ANB, and the Wits appraisal in the 
patient and control groups.

The data was analyzed using IBM SPSS Statistics for 
Windows, v.  22.0 (IBM Corp., Armonk, USA) with the 
t test and the χ2 test. The level of significance was set at 
p < 0.05.

Results
A total of 64 patients and 60 controls were evaluated. 

Table 2 presents the cephalometric findings as well as the 
sex and mean age of the subjects. According to the t test, 
the 2 groups were significantly different in terms of SNA, 
SNB, ANB, and Wits appraisal (p < 0.001). Table 3 presents 

the frequency of different genotypes with respect to the 
2 polymorphisms in the 2 groups. In all, 3.1% of patients 
and 6.7% of controls had the rs10850110 polymorphism 
(p = 0.680), and 1.6% of patients and 5% of controls had 
the rs11611277 polymorphism (p = 0.602). The χ2 test re­
vealed no significant differences in the frequency of  the 
polymorphisms between the 2 groups. In other words, the 
2 polymorphisms showed no significant correlation with 
mandibular prognathism (p > 0.05).

Figures 1 and Figures 2 show the PCR products of MYO1H 
on 1.5% agarose gel for the detection of the rs10850110 and 
rs11611277 polymorphisms, respectively. As shown, the 
PCR products had acceptable quality and quantity, and 
were selected for sequencing. The rs10850110 polymor­
phism was not detected in the majority of the subjects ex­
cept for 2 patients and 4 controls. Figure 3 shows the PCR 
products of MYO1H on 1.5% agarose gel for the detection 
of  the rs11611277 polymorphism in the control group.   
Figures 4–8 show the chromatography results of  the se­
quencing of the MYO1H gene containing the rs10850110 
and rs11611277 polymorphisms.

Table 1. Sequences of the primers used for the amplification of the rs10850110 and rs11611277 polymorphisms

Primer name Sequence Length Annealing Extension Product size 
[bp]

Sau96I
TCTTAACAGTGTCTTCTAATGAG 
GATTGTCTAAAGCCAGGAGTTG

23 
22

58°C 
30 s

72°C 
40 s

380

Hpy188I
TCCCAGGGTTTAGCATCTTG 
GAGTGGCGCCTCAGTATCTC

20 
20

60°C 
30 s

72°C 
40 s

386

Table 3. Frequency of different genotypes with respect to the 2 polymorphisms in the 2 groups

Polymorphism Genotype Case group  
n (%)

Control group  
n (%) p-value

rs10850110
GG
GA
AA

40 (62.5)
22 (34.4)

2 (3.1)

37 (61.7)
19 (31.7)

4 (6.7)
0.680

rs11611277
CC
CA
AA

40 (62.5)
23 (35.9)

1 (1.6)

37 (61.7)
20 (33.3)

3 (5.0)
0.602 

Table 2.  Cephalometric findings, and the sex and mean age of the subjects

Data Group n M ±SD p-value

Wits appraisal [mm]
case

control
64
60

−6.70 ±4.32468
0.76 ±0.76495

<0.001*

ANB [°]
case

control
64
60

−3.20 ±2.28129
1.03 ±0.61753

<0.001*

SNA [°]
case

control
64
60

83.40 ±4.37822
80.90 ±0.81184

<0.001*

SNB [°]
case

control
64
60

86.60 ±3.82949
80.01 ±0.60013

<0.001*

Age [years]
case

control
64
60

24.64 ±5.86
22.41 ±7.40

–

Sex
case

control
41F + 23M
38F + 22M

– –

M – mean; SD – standard deviation; F – female; M – male; * statistically significant.
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Fig. 2. PCR products of the MYO1H gene on 1.5% agarose gel for the detection of the rs11611277 polymorphism in the patient group

Fig. 3. PCR products of the MYO1H gene on 1.5% agarose gel for the detection of the rs11611277 polymorphism in the control group

Fig. 1. Polymerase chain reaction (PCR) products of the MYO1H gene on 1.5% agarose gel for the detection of the rs10850110 polymorphism in the patient group

TAE – tris-acetate-EDTA.
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Fig. 4. DNA sequencing chromatogram of the MYO1H gene containing the sites of the rs10850110 and rs11611277 polymorphisms

Fig. 5. DNA sequencing chromatogram of the heterozygote rs10850110 polymorphism

Fig. 6. DNA sequencing chromatogram of the normal heterozygote rs10850110 polymorphism
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Discussion
The role of genetic factors in mandibular prognathism 

has been documented and the single-nucleotide polymor­
phisms of different genes may play a part in this respect. 
The GHR and MYO1H genes are 2 examples of  such 
genes. This study aimed to assess the relationship be­
tween the rs10850110 and rs11611277 polymorphisms 
of the MYO1H gene and mandibular prognathism in the 
Iranian population.

Sun et al. used the whole-mount in situ hybridization 
(WISH) technique to analyze the pattern of  expression 
of MYO1H.19 They concluded that MYO1H plays an im­
portant role in the mandibular growth, which was ex­
pected, considering the involvement of  this gene in the 
proliferation and morphology of the mandibular condyle 
chondrocytes. They also found an  association between 
the rs3825393 polymorphism and mandibular pro­
gnathism.19 Cruz et al. used the TaqMan method of  the 
real-time PCR to amplify the genome, and demonstrated 
that the MYO1H, GHR and FGF genes play a  role in 

mandibular prognathism and maxillomandibular dis­
crepancies.15 Tassopoulou-Fishell  et  al. used PCR along 
with TaqMan chemistry to amplify the genome and trace 
polymorphisms.14 They found no significant correlation 
between the rs2503243, rs972054, rs1413533, rs1490055, 
rs2101560, rs1601948, rs1387168, rs2940913, rs7718944, 
rs3016534, and rs9458378 polymorphisms and mandibu­
lar prognathism, but confirmed a  correlation between 
the rs10850110 polymorphism of  the MYO1H gene and 
mandibular prognathism in their study population.14 
Arun  et  al. evaluated the rs10850110, rs11611277 and 
rs3825393 polymorphisms of  the MYO1H gene and 
their correlation with mandibular retrognathism.18 The 
researchers extracted DNA by means of  the modified 
salting-out method. They used the same enzymes as we 
did, and no cephalometric variable or growth measure 
showed a statistical difference between the genotypes for 
the rs10850110 and rs11611277 single-nucleotide poly­
morphisms in both studies. They confirmed a correlation 
between the rs3825393 polymorphism of the MYO1H gene 
and mandibular retrognathism.18 Cunha  et  al.  studied 

Fig. 7. DNA sequencing chromatogram of the heterozygote rs11611277 polymorphism

Fig. 8. DNA sequencing chromatogram of the normal heterozygote rs11611277 polymorphism
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the relationship between ACTN3 and MYO1H (rs10850110) 
and facial patterns on 4 different Brazilian samples with 
the TaqMan method of the real-time PCR.17 There was no 
significant correlation between MYO1H and mandibular 
prognathism in any sample, but in 1 of the 4 samples, they 
confirmed an association between MYO1H (rs10850110) 
and class II skeletal pattern.17 Ghergie  et  al. confirmed 
a  correlation between the rs10850110 polymorphism 
of  the MYO1H gene and mandibular prognathism.20 
Considering all the above, a significant correlation exists 
between the rs10850110 polymorphism and mandibular 
prognathism in the Romanian20 and American9 popula­
tions, while no such correlation was noted in the Brazil­
ian sample 17 and our Iranian population. The controversy 
regarding the results of Arun et al.18 and Sun et al.19 is also 
understandable, considering their different study popu­
lations and sample sizes. Arun et al. found a strong cor­
relation between the rs3825393 polymorphism and man­
dibular retrognathism,18 while Sun  et  al. found a  strong 
correlation between the rs3825393 polymorphism and 
mandibular prognathism in a larger population.19 Future 
studies with larger sample sizes on both class II and class 
III patients from different populations are required to 
better elucidate the relationship between the rs3825393 
polymorphism of  the MYO1H gene and the position 
of the mandible. It should be noted that the genetic cor­
relations found in a  certain population cannot be gene­
ralized to other populations due to inherently different 
genetic backgrounds.21

In total, it should be emphasized that the MYO1H gene 
plays a fundamental role in the growth of the mandibu­
lar condyle cartilage, and there is evidence regarding the 
effect of the muscular system on the skeletal growth of the 
maxillofacial region. The rate of expression of this gene in 
the masseter muscle also affects the mandibular growth 
and development.22,23 Evidence shows a higher expression 
of  this gene in the masseter muscle of  distal occlusion 
subjects as compared to its expression in mesial occlu­
sion individuals. In other words, the upregulation of this 
gene is more often noted in the masseter muscle of class II 
patients in comparison with class III individuals.24,25 It is 
assumed that MYO1H may take part in the intracellular 
transport of glucose with MYO1C to influence the mas­
seter metabolism and fiber types. It, therefore, plays a role 
in the development of  class I, II and III malocclusion.26 
Although the prognathic and retrognathic facial pheno­
types may be similar vertically, the masseter muscle gene 
expression levels of the myosin heavy chain genes MYH1, 
MYH2, MYH3, MYH6, MYH7, and MYH8 demonstrated 
that the prognathic and retrognathic facial phenotypes 
had different gene expression profiles.27

Our study had some limitations. For instance, we evalu­
ated only 1 city and 1 ethnic group of patients, and there­
fore the effect of ethnicity could not be evaluated. Also, 
we assessed the rs10850110 and rs11611277 polymor­
phisms of the MYO1H gene, while other polymorphisms 

related to this gene were not evaluated. Future multicenter 
studies with larger sample sizes are required on different 
races and ethnic groups. Other single-nucleotide poly­
morphisms of this gene should also be assessed in future 
studies.

Conclusions
No significant correlation was noted between the 

rs10850110 and rs11611277 polymorphisms of  the 
MYO1H gene and mandibular prognathism in the Iranian 
population. However, the lower frequency of  the poly­
morphisms in the patient group suggests a  possible as­
sociation with mandibular retrognathism, which needs to 
be investigated with a larger sample size.

ORCID iDs
Kazem Dalaie  https://orcid.org/0000-0002-5430-3301
Vahid Reza Yassaee  https://orcid.org/0000-0002-1879-3905
Mohammad Behnaz  https://orcid.org/0000-0002-2793-3292
Mohsen Yazdanian  https://orcid.org/0000-0002-9109-8968
Farbod Jafari  https://orcid.org/0000-0003-3899-4891
Reza Morvaridi Farimani  https://orcid.org/0000-0002-6697-6837

References
1.	 Harris EF, Johnson MG. Heritability of  craniometric and occlu-

sal variables: A  longitudinal sib analysis. Am J Orthod Dentofacial 
Orthop. 1991;99(3):258–268.

2.	 Bayram S, Basciftci FA, Kurar E. Relationship between P561T and 
C422F polymorphisms in growth hormone receptor gene and 
mandibular prognathism. Angle Orthod. 2014;84(5):803–809.

3.	 Bui C, King T, Proffit W, Frazier-Bowers S. Phenotypic characteriza-
tion of Class III patients. Angle Orthod. 2006;76(4):564–569.

4.	 Frazier-Bowers S, Rincon-Rodriguez R, Zhou J, Alexander K, 
Lange  E. Evidence of  linkage in a  Hispanic cohort with a  Class III 
dentofacial phenotype. J Dent Res. 2009;88(1):56–60.

5.	 Kataoka K, Ekuni D, Mizutani S,  et  al. Association between self-
reported bruxism and malocclusion in university students: A cross-
sectional study. J Epidemiol. 2015;25(6):423–430.

6.	 Ko JM, Suh YJ, Hong J, Paeng JY, Baek SH, Kim YH. Segregation ana
lysis of  mandibular prognathism in Korean orthognathic surgery 
patients and their families. Angle Orthod. 2013;83(6):1027–1035.

7.	 Xue F, Wong RWK, Rabie ABM. Genes, genetics, and Class III maloc-
clusion. Orthod Craniofac Res. 2010;13(2):69–74.

8.	 Wolff G, Wienker TF, Sander H. On the genetics of mandibular pro
gnathism: Analysis of  large European noble families. J Med Genet. 
1993;30(2):112–116.

9.	 Cruz RM, Krieger H, Ferreira R, Mah J, Hartsfield J Jr., Oliveira S. 
Major gene and multifactorial inheritance of mandibular progna-
thism. Am J Med Genet A. 2008;146A(1):71–77.

10.	 El-Gheriani AA, Maher BS, El-Gheriani AS, et al. Segregation analysis 
of mandibular prognathism in Libya. J Dent Res. 2003;82(7):523–527.

11.	 Xue F, Rabie ABM, Luo G. Analysis of  the association of  COL2A1 
and IGF‐1 with mandibular prognathism in a Chinese population. 
Orthod Craniofac Res. 2014;17(3):144–149.

12.	 Yamaguchi T, Park SB, Narita A, Maki K, Inoue I. Genome-wide link-
age analysis of  mandibular prognathism in Korean and Japanese 
patients. J Dent Res. 2005;84(3):255–259.

13.	 Desh H, Gray SL, Horton MJ, et al. Molecular motor MYO1C, acetyl
transferase KAT6B and osteogenetic transcription factor RUNX2 
expression in human masseter muscle contributes to development 
of malocclusion. Arch Oral Biol. 2014;59(6):601–607.

14.	 Tassopoulou-Fishell M, Deeley K, Harvey EM, Sciote J, Vieira AR. 
Genetic variation in myosin 1H contributes to mandibular progna-
thism. Am J Orthod Dentofacial Orthop. 2012;141(1):51–59.



K. Dalaie, et al. Genes involved in mandibular prognathism440

15.	 Cruz CV, Mattos CT, Maia JC, et al. Genetic polymorphisms under-
lying the skeletal Class III phenotype. Am J Orthod Dentofacial 
Orthop. 2017;151(4):700–707.

16.	 Burnheimer J, Deeley K, Vieira AR. Myosin 1H and the soft tissue 
profile of African American females with mandibular prognathism. 
Revista Científica do CRO-RJ (Rio de Janeiro Dent J). 2019;4(2):35–41.

17.	 Cunha A, Nelson-Filho P, Marañón-Vásquez GA, et al. Genetic vari-
ants in ACTN3 and MYO1H are associated with sagittal and vertical 
craniofacial skeletal patterns. Arch Oral Biol. 2019;97:85–90.

18.	 Arun RM, Lakkakula BVKS, Chitharanjan AB. Role of myosin 1H gene 
polymorphisms in mandibular retrognathism. Am J Orthod Dento-
facial Orthop. 2016;149(5):699–704.

19.	 Sun R, Wang Y, Jin M, Chen L, Cao Y, Chen F. Identification and func-
tional studies of  MYO1H for mandibular prognathism. J Dent Res. 
2018;97(13):1501–1509.

20.	 Ghergie M, Feştilă D, Kelemen B, Lupan I. Myo1H gene single nucle-
otide polymorphism rs10850110 and the risk of malocclusion in the 
Romanian population. Acta Medica Transilvanica. 2013;2(4):281–281.

21.	 Frazer KA, Murray SS, Schork NJ, Topol EJ. Human genetic varia
tion and its contribution to complex traits. Nat Rev Genet. 
2009;10(4):241–251.

22.	 Mew JR. Factors influencing mandibular growth. Angle Orthod. 
1986;56(1):31–48.

23.	 Ueda HM, Ishizuka Y, Miyamoto K, Morimoto N, Tanne K. Relation-
ship between masticatory muscle activity and vertical craniofacial 
morphology. Angle Orthod. 1998;68(3):233–238.

24.	 Gedrange T, Büttner C, Schneider M, Oppitz R, Harzer W. Myosin 
heavy chain protein and gene expression in the masseter muscle 
of adult patients with distal or mesial malocclusion. J Appl Genet. 
2005;46(2):227–236.

25.	 Gedrange T, Büttner C, Schneider M,  et  al. Change of  mRNA 
amount of myosin heavy chain in masseter muscle after orthogna-
thic surgery of patients with malocclusion. J Craniomaxillofac Surg. 
2006;34(Suppl 2):110–115.

26.	 Stedman HH, Kozyak BW, Nelson A,  et  al. Myosin gene mutation 
correlates with anatomical changes in the human lineage. Nature. 
2004;428(6981):415–418.

27.	 Moawad HA, Sinanan ACM, Lewis MP, Hunt NP. Grouping patients 
for masseter muscle genotype-phenotype studies. Angle Orthod. 
2012;82(2):261–266.



Address for correspondence
Waqar Jeelani
E-mail: wjeelani@gmail.com

Funding sources
None declared

Conflict of interest
None declared

Received on April 9, 2020
Reviewed on May 4, 2020
Accepted on May 18, 2020

Published online on December 31, 2020

Abstract
The techniques and procedures involved in craniofacial distraction are constantly evolving. The understand­
ing of histological and biochemical response at the distraction site is now improved. The cascade of events 
in distraction osteogenesis (DO) differs significantly from the typical fracture healing, and a better know­
ledge about these events has helped us identify suitable candidates for DO, make appropriate modifications 
to the distraction protocols and minimize the risk of complications. Recent advances in the manufacturing 
techniques have also facilitated the availability of distractors of various shapes and designs, which are now 
changing the way different craniofacial defects are being treated. Small but rigid intraoral distractors now 
enable easy placement, are well tolerated by patients and allow for a long consolidation period. The intro­
duction of newer approaches toward treatment, together with the simultaneous management of different 
craniofacial defects at multiple osteotomy sites and enhanced surgical accuracy with the help of digital 
imaging, have made treatment outcomes more predictable.

Key words: distraction, repair, Ilizarov technique, craniofacial syndrome, computer-assisted three dimensional 
imaging
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Introduction
Distraction osteogenesis (DO) is a  well-established 

technique in the field of orthopedics, as it has been used 
for several decades for limb lengthening and the repair 
of  long-bone defects. The standard protocol of  DO is 
based on careful planning, with special attention being 
paid to the anatomy and blood supply of  the osteotomy 
site, the patient’s general health, and the design and me-
chanical properties of the distraction device.

The procedure is commenced with an osteotomy, followed 
by the insertion of a distractor. The osteotomy site is allowed 
to mature for a few days (the latency period); then, the dis-
traction phase begins. The distractor is opened at a specific 
rate and rhythm so that the proximal and distal fragments 
of the bone start separating, leading to the mechanical in-
duction of new bone formation between the bony surfaces 
at the osteotomy site.1 Once the desired lengthening of the 
bone is achieved, the process of distraction is stopped and 
the newly formed non-mineralized bone (callus) is allowed 
to mature for a period of several weeks to several months as 
part of the consolidation phase (Fig. 1).1

Insights into the biological basis 
of craniofacial distraction

Histologically, the latency phase of DO closely resem-
bles typical fracture healing, which involves hematoma 
formation, local inflammatory response and the influx 
of mesenchymal stem cells.2,3 During rapid bone forma-
tion in the latency period, endochondral bone formation 
is observed along the periosteum. The region in the mid-
dle of the healing callus, regarded as a fibrous interzone 
(FIZ), is rich in fibroblasts, chondrocytes, and cells that 
have the morphological features of  both chondroblasts 
and fibroblasts.4,5 The process of ossification starts from 
the area adjacent to the bone and FIZ ossifies the last.5,6

The predominant mechanism of bone formation is intra-
membranous, characterized by the formation of type-I col-
lagen; however, a zone of endochondral bone formation is 
frequently observed.7–9 This process differs from the typi-
cal endochondral bone formation, as there is no capillary 
ingrowth in this cartilaginous matrix and the formation 
of type-II collagen by these chondroblast-like cells switches 
over to the production of type-I collagen. This process has 
been named as ‘transchondroid bone formation’.10

The molecular expression during DO shows certain dif-
ferences when compared to the molecular expression dur-
ing fracture healing. Interleukin-6 (IL-6) concentration is 
increased not only during the initial inflammatory phase, 
but also when the distraction phase is started. Cho et al. 
showed that IL-6 could significantly enhance intramem
branous ossification and had an  overall anabolic effect 
during DO, contrary to its catabolic effect during fracture 
healing.11 The members of the transforming growth factor 
beta (TGF-ß) superfamily are other important mediators 
associated with DO, the expression of which is greater at 
the distracted osteotomy sites as compared to the non-
distracted osteotomy or fracture sites. The expression 
of TGF-ß is positively correlated with the rate of distrac-
tion, which promotes new bone formation through osteo-
blastic proliferation.2,12 A similar pattern of expression has 
been described for bone morphogenic protein (BMP)-2 
and BMP-4.13,14 In the absence of  mechanical strain, they 
gradually disappear from the distraction site. Moreover, the 
addition of  BMP-2 has been shown to reduce the latency 
period, and thus may be used to reduce the overall treat-
ment time.15 Other important growth factors that play a role 
during different phases of  DO include insulin-like growth 
factor-1 (IGF-1) and fibroblast growth factor (FGF)-2.16

Angiogenesis is an essential part of DO, in the absence 
of  which non-bony union occurs. Angiogenesis during 
DO is more intense as compared to that during fracture 
healing, with studies reporting about a ten-fold increase in 
the blood flow during the distraction phase as compared 
to the normal blood flow.5 Similarly, since maximum 
bone formation occurs during the consolidation period, 
the maximum increase in the vessel volume has also been 
found during this period. The experimental inhibition 
of  vascular endothelial growth factor (VEGF)-mediated 
angiogenesis also results in reduced osteogenesis acti
vity.17 Although new vessel formation begins during acti
vation, the maximum increase in the vessel volume occurs 
during consolidation, suggesting a  link between angio-
genesis and bone formation.17–19

Evolution of distractor designs 
and techniques

The evolution of distractor devices goes along with the 
evolution in the DO techniques. The concept of  intra-
oral and extraoral distractor devices goes back to the era 

Fig. 1. Phases of distraction osteogenesis (DO)
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of McCarthy, when he used unidirectional extraoral distrac-
tors to lengthen the mandibles of  patients suffering from 
congenital mandibular deficiencies in 1989.20,21 The follow-
ing year, Guerrero reported the use of  an  intraoral tooth-
borne distractor for mandibular symphyseal distraction.22

Evolution of distractors for 
maxillomandibular distraction 

Generally, mandibular distractors can be categorized 
into extraoral and intraoral ones, intraoral distractors 
being tooth-borne, bone-borne or hybrid. On the other 
hand, extraoral distractors are always bone-borne (Fig. 2). 
These distractors allow vector adjustment during distrac-
tion. However, the 2 major drawbacks of these distraction 
devices were the uniplanar control of the vector and extra
oral placement. A common type of extraoral distractor is 
a  two-pin distractor, which offers the advantage of  easy 
placement in situations where minimal bone mass is avail-
able, without compromising the quality of callus formation 
and bone healing. Soon after the introduction of unidirec-
tional distractors, it was realized that most of the defects 
were three-dimensional (3D) and linear distractors failed 
to completely restore them. When distractors were ap-
plied to different parts of the ramus, angle and body of the 
mandible, the results were rarely ideal and never precise 
enough to achieve optimal dental occlusion. In 1995, 
Molina and Ortiz Monasterio23 demonstrated the use 
of bidirectional distractors by creating 2 osteotomy sites 
in the affected mandibles (Fig. 3), which further led to the 
development of multidirectional distraction devices, such 
as the ACE/Normed multidimensional distractor and the 
multi-vector mandibular distractor of McCarthy.24

Another major leap in the evolution of distractors was the 
introduction of intraoral distractors, which were less conspicu
ous, easy to tolerate, socially acceptable, and free of the risk 
of facial scars. The realization of intraoral distractors was pos
sible due to a significant reduction in the size of distractors 

and alteration in the distraction design. They were initially 
stock made, which meant they could be used for a specific 
bony location in any patient, as reported by Diner et al.,25 or 
were universal in nature and could be placed on any site at 
the discretion of  the surgeon, like the Dynaform Intraoral 
Distractor.26 A  newer category of  distractors were custom 
made and designed according to the needs of  a  specific 
patient. Razdolsky’s tooth-borne and hybrid ROD devices 
are examples of  distractors that allow the preprogrammed 
fabrication of  the device along the predetermined axis 
of distraction according to the needs of the patient.27,28

The need for multidirectional or curvilinear distraction 
is often appreciated by oral and maxillofacial surgeons 
and orthodontists (Fig.  4). Multidirectional distractors 
are often large in size and need to be placed extraorally. 
A curvilinear distractor was described by Seldin29 in 1999 
on animal models (Fig. 5). The curved design allows for 
the simultaneous lengthening of the mandibular body and 
ramus along a curved path, which is very similar to the 
pattern of  natural growth of  the mandible.30–32 In addi-
tion, this pattern of mandibular lengthening is favorable 
for the correction of  an  anterior open bite, a  common 
iatrogenic condition during mandibular distraction.33

Fig. 2. Rigid external distractor

Fig. 3. Bidirectional distractor 

Fig. 4. Multidirectional distractor
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A general concept that DO allows greater mid-facial ad-
vancement than the conventional orthognathic surgeries 
has been verified by a retrospective single-center study.34 
Bone healing in the maxilla is relatively faster. Studies have 
shown that the traditional consolidation phase duration 
of 8 weeks or longer can be shortened without compro-
mising stability.35,36 Though these devices have served the 
specialty well, there is still a need to develop an appliance 
system that would carry out automated and continuous 
distraction. It is not uncommon to find that many patients 
could not adhere to the distraction protocol – intention-
ally, due to the pain or discomfort associated with activa-
tion, or unintentionally, when they failed to comprehend 
or remember the distraction protocol. Recently, newer 
devices with hydraulic, motor-driven or spring-mediated 
mechanisms are being developed. The first reports on 
animal models are satisfactory, but significant improve-
ment in the device design is needed, along with the need 
to include a distraction protocol that is compatible with 
human body, before these devices could be used for 
routine patient care.37,38 Despite these deficiencies, it is 
expected that soon these appliances will become common, 
and thus will simplify the distraction process for patients 
and parents.

Evolution of distractors for cranial  
and craniofacial defects 

In patients with differential dysmorphology involving 
the axial and sagittal planes, the en bloc movement using 
Le Fort III osteotomy may treat the position, but the 
axial dimension may remain untreated. The bipartition 
monobloc advancement using vertical osteotomy in the 
midline to pull the central face gives effective correction 
in midface concavity.36 Greater soft-tissue resistance lat-
erally as compared to the center of  the face during ad-
vancement results in a more convex shape of the sagittal 
facial profile. The separation of the zygoma after Le Fort 
III osteotomy at the zygomaticomaxillary suture also 

aids in differential advancement and the repositioning 
of the midface in the desired position relative to the cor-
neal surface.

In patients with a  shortened skull, DO allows correc-
tion over large distances, with the gradual movement and 
changes of the soft-tissue matrix. The contemporary dis-
traction technique allows for the distraction of  the cra-
nium and skull base. The expansion of the anterior cranial 
fossa could also be performed, either in isolation or with 
the subcranial movement using the monobloc procedure, 
with the latter technique allowing for the simultaneous 
advancement of  the inferior orbital rim, an  increase in 
the dimension of the nasopharynx and overjet correction. 
The monobloc craniofacial advancement of  the midface 
along with the anterior cranial vault is usually carried out 
at the age of 7–9 years, when the growth of the midface is 
almost complete.39 However, this procedure may involve 
a significant risk, as the sinus–brain barrier in the ante-
rior cranial vault can be violated. This has resulted in a re-
duction in the frequency of using this procedure, which 
is usually limited to cases with circumorbital symmetric 
retrusion, in which the conventional staged advancement 
of the midface and the anterior cranial vault is not pos
sible.40,41 Contrary to this approach, gradual expansion and 
advancement with DO minimizes the risk of the creation 
of  dead space, and the subsequent morbidity associated 
with it.42 Though some authors have advocated the use 
of  frontofacial monobloc distraction at the age of 1  year, 
the long-term results as well as the final esthetic and 
functional outcomes are yet to be investigated.43 In this 
regard, the use of  early monobloc distraction is usually 
limited to life-threatening dysostosis, e.g., Pfeiffer type-II 
deformity.44

Stimulation of bone repair
To minimize the duration of  bone repair during DO, 

various surgical and non-surgical strategies have been 
implemented. Non-surgical strategies include electric and 
electromagnetic stimulation, injecting growth hormones, 
cytokines and BMPs, and the use of low-level laser therapy 
(LLLT) and low-intensity pulse ultrasound (LIPUS).

The acceleration of  bone repair and the modification 
of the period of inflammation with biological stimulation 
can be achieved by means of  lasers.45–48 Low-level laser 
therapy was used in the past for the treatment of unhealed 
ulcers.49 It promotes osteoblastic activity during bone re-
pair, which enhances the rate of bone healing.50 The fac-
tors affecting the laser dose may result in variations in the 
effectiveness of  LLLT. These include power output and 
the duration of  the applied therapy. The doses recom-
mended by various studies vary from 10–112.5 J/cm2 51–53 
to 0.03–3  J/cm2.54–56 Another important criterion that 
affects the effectiveness of the therapy is the type of the 
target tissue, as this may result in variations in the depth 

Fig. 5. Curvilinear distractor
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of penetration. Mucosa is more susceptible to penetration 
as compared to fat and muscle tissues. Depending on the 
dose, the therapy may cause biostimulation or bioinhi-
bition.57,58 Therefore, low doses (3–5  J/cm2) are recom-
mended rather than high doses (50–100 J/cm2) to prevent 
the destructive effect.59

Ultrasound therapy produces micromechanical vibra-
tions similar to physiological stress. The piezoelectric and 
angiogenic effects of ultrasound on bone apparently pro-
duce the therapeutic effect the therapy.60 The application 
of ultrasound has been reported in mandibular fractures 
in rabbits.61 Harris treated mandibular osteoradionecrosis 
with ultrasound in humans.62 An increased healing ratio 
of 88% has been reported when using ultrasound with the 
conventional therapy in 1,317 fracture cases in human 
subjects.63 With the application of LIPUS for 20 min/day, 
following DO for 10 days to lengthen the right tibia of rab-
bits, improved bone mineral density (BMD) at callus 
with increased stiffness and fracture strength have been 
observed.61 The application of  20–50  mW/cm2 LIPUS 
results in a  rise in tissue temperature <1°C. This brings 
about significant changes during bone formation and in 
the amount of  enzymes.64,65 The tissue changes include 
a  decrease in edema through the stimulation of  mast 
cells.66 Furthermore, an  increase in the adhesion of  leuko
cytes to endothelium during the inflammation period 
causes the increased release of macrophages, fibroblasts 
and VEGF, and the stimulation of collagen synthesis from 
fibroblasts during the healing phase has been reported 
in various studies.67–70 Increased BMD was reported in 
a study conducted on dogs, which received 40 mW/cm2 
LIPUS for 20  min/day during the distraction phase at 
a 2-week interval.71

Both LLLT and LIPUS have been reported to be safe 
and non-invasive to improve the outcome of  the DO 
treatment.72 Kocyigit et al. investigated the effects of ultra
sound stimulation (LIPUS) and laser therapy (LLLT) on 
the BMD of  the bone formed during DO with the use 
of  dual energy X-ray absorptiometry.72 Both methods 
showed improvement in healing after DO and greater 
BMD in the exposed groups (LIPUS or LLLT) as com-
pared to the controls.72

To improve the process of healing during and after dis-
traction, several novel techniques are being implemented. 
A recent study investigated the effect of stem cells from 
human exfoliated deciduous teeth (SHED) on healing 
after DO.73 The results were quite promising, denoting 
significantly greater bone formation in the SHED-trans-
planted groups, thus improving the quality of union and 
the speed of bone maturation.73

Scientists are trying to explore the effects of different 
growth factors and biochemical mediators on DO. The 
role of BMPs and FGFs has long been documented. Re-
cently, the positive effects of recombinant human erythro
poietin (rhEPO) and platelet-rich plasma (PRP) have also 
been documented.74,75

Recombinant human erythropoietin has been shown to 
increase the number of osteoblasts and blood vessels, and 
reduce the number of osteoclasts, leading to a larger area 
of bone formation.75

These innovations in the science of DO can have sig-
nificant clinical implication in the future. These methods 
may help reduce the latency and consolidation periods, 
improve bone strength after DO, improve the vascularity 
of tissues, and reduce the risk of complications.

Virtual surgical simulation and 
three-dimensional distraction 
osteogenesis

The process of DO in the craniofacial region consists 
of  both linear and rotational movements as opposed to 
only linear movements in the case of epiphyseal lengthen-
ing. This is because of the morphology of the structures 
present in the head and the neck region. The vector pro-
duced by the distraction device is based on its position in 
relation to the surrounding bony structures.76

Hence, for advances the desired movement, the careful 
planning of  the osteotomy cuts and the accurate place-
ment of  the device are fundamental. Innovations in 3D 
imaging techniques in the current era have enabled the 
accurate visualization of the craniofacial structures in all 
3 planes of space.77

Recent advances in the virtual planning software have 
overcome some limitations, including achieving the 
desirable occlusal, functional and esthetic outcomes 
of two-dimensional (2D)-based DO. Intraoral distractors 
can produce movement only in a single direction; the ac-
curate vector is dependent on the position of the device. 
Furthermore, intraoral devices are indicated for smaller 
defects, which make their placement more challenging 
due to a  limited working field. The accurate placement 
and positioning of the device becomes even more impor-
tant with intraoral distractors.78

Hence, the accurate transfer of  the surgical procedure 
planned with the aid of  3D software is mandatory for 
achieving the desired results. Another advantage of the vir-
tual planning software is that multiple treatment simula-
tions can be performed to determine the most feasible plan 
in terms of  risks, benefits and cost, which can be set for 
a  specific patient. The surrounding structures, including 
the developing tooth germs, may be taken into consider-
ation when planning the osteotomy cuts. With the intro-
duction of rapid prototyping machines and 3D printers, the 
desired surgical stent and distractor templates can be com-
puter-aided design/computer-aided manufacturing (CAD-
CAM)-fabricated to further increase the accuracy of  the 
planned surgical procedure.79,80 Lastly, distractors may be 
modified to adapt to the bony segments on models to re-
duce the intraoperative surgical time and inconvenience.
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The following are the basic guidelines for 3D-based DO 
and the fabrication of the surgical stent (Fig. 6):
–	data acquisition: 3D imaging techniques, such as cone-

beam computed tomography (CBCT), computed tomo
graphy (CT), magnetic resonance imaging (MRI), etc., 
have been used for data acquisition; these, along with the 
virtual models, are correlated on a  common Cartesian 
system to construct a 3D model;

–	data analysis and the determination of  skeletal dis-
crepancy: the exact skeletal discrepancy in all planes is 
computed using the 3D model; based on this, the exact 
amount and direction of  movement of  the bony seg-
ment is determined;

–	determination of the position and angulation of the dis-
tractor: the vector is one of the significant factors for the 
achievement of  the planned movement; this vector is 
determined by the position and angulation of the device 
on the bony segment, and the type of distractor used. 
With a unilateral distractor, the position and angulation 
becomes even more significant, as the distractor can be 
moved only in 1 plane. Various mathematical formulae 
can be used to calculate the required length and angle 
with respect to the bony bases by measuring the angle 
between the horizontal and vertical vectors81,82;

–	treatment simulation: the osteotomy cuts are planned 
according the vector direction, taking into considera
tion the surrounding soft and hard structures. 
Usually, the osteotomy line is perpendicular to the 
vector distraction. The osteotomy cuts are simulated 
and the device is placed on the virtual models. If the 
movement is not satisfactory, an alternative plan may 
be simulated. An  advantage of  the virtual treatment 
planning software is the possibility of altering the po-
sition and angulation of  the device until the desired 
result is achieved;

–	model surgery and the fabrication of  the surgical 
stent: various types of rapid prototyping, such as 
stereolithography and fused deposition modeling, may be 
used to fabricate models.83,84 The planned surgery is then 
performed on these models and a template distractor can 
be adapted to assess the feasibility of the treatment plan. 
Impressions of both the device and the bony surface are 
taken for the fabrication of the surgical stent. This stent is 
then used to transfer the planned surgery to the operat-
ing room.

Discussion
Recent advances have profoundly extended the scope 

of craniofacial DO. The incorporation of new diagnostic 
and treatment planning tools have improved the predict-
ability of  outcomes, providing the possibilities of  using 
DO not only for deformity correction, but also in other 
situations.77 Osteodistraction may help the orthodon-
tist to treat crowded dental arches with non-extraction 
therapy by improving the arch length and perimeter in 
severely crowded cases.22 Also, the regeneration of the al-
veolar bone for the placement of implants in patients with 
atrophic bone may be possible with this technique, which 
would be preferable to tissue reaction and rejection, as in 
the case of artificial bone used for the augmentation pur-
pose. In the cases of ankylosis and discrepancy in vertical 
height, treatment with distraction may also help the tooth 
attain an esthetic and functional position.

The application of  the concept of  acceleration in the 
healing process has also helped in reducing the duration 
of the consolidation period, offering a great advantage to 
the clinician and patients,51,60 and distraction histogenesis 
occurring during DO allows for larger skeletal corrections 
with a lower risk of relapse due to soft tissue adaptation. 
Moreover, advances in the designs of distractors have im-
proved the efficiency of treatment in achieving functional 
and esthetic results.

Conclusions
Distraction techniques have established themselves 

as a highly efficient and practical mode of treating cra-
niofacial defects. Newer techniques are making distrac
tion a  routine procedure with a  long-term follow-up 
now available in the published literature. Orthodontists 
need to keep themselves updated to the latest advances 
in the field of craniofacial distraction to be able to offer 
the most suitable treatment to their patients.
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Abstract
At present, new acrylic plastic technologies are being developed in dentistry. Although this kind of material 
has been used for dental prostheses for over 80 years, it has been produced in the form of disks with the 
computer-aided design/computer-aided manufacturing (CAD/CAM) technology for over 15 years.

The purpose of  the article was to collect information from the literature on acrylic materials processed 
through the milling technology (CAD/CAM). The publicly available databases PubMed, Google Scholar and 
Scopus were searched using the key word “acrylic resins, CAD/CAM”. All articles describing the application 
and testing of CAD/CAM disks were selected. Duplicate articles were removed. More than 100 articles that 
described the use of materials machined using the milling equipment were found. These included works 
comparing the mechanical properties, biocompatibility and clinical use of the materials. After the initial 
selection, 36 papers on this subject were included in this review.

The number of studies on the processing of acrylic materials with the use of the CAD/CAM technology has 
been increasing worldwide. Since such materials have better mechanical properties, no polymerization 
shrinkage occurs during processing, the amount of residual monomer material is very low and they have 
better color stability than self-curing materials.
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Introduction
Traditional acrylic materials consist of  a  powder and 

a  monomer mixed together to form dough. In the case 
of thermally polymerized materials, it is necessary to sup-
ply heat energy to start the reaction. Self-curing mate
rials polymerize at room temperature or in warm water 
of a  temperature below 65°C. So far, the polymerization 
process have been carried out in a  dental technician’s 
workshop, or in special cases – in a dentist’s office.1–5

This type of  process leads to the contraction of  the 
material, and in some cases, it can lead to the formation 
of  porous structures inside the material after polymer-
ization.6 In the computer-aided design/computer-aided 
manufacturing (CAD/CAM) technology using acrylic 
disks, the curing process is carried out directly at the 
manufacturer’s. Although the details of  the production 
process are a trade secret, some stages remain unchanged. 
These include mixing the powder and the liquid in ap-
propriate proportions, and storing the dough at a  low 
temperature (−18°C) for about 24 h. In the next step, the 
dough is placed into molds, pressed, and gradually poly
merized at gradually increasing temperatures. The whole 
task is to increase the degree of polymerization without 
creating voids (pores inside the material). The result is 
a  product with very long polymer chains, low residual 
monomer content and high hardness.7,8

Currently, disks in tooth colors A1–C4 in the Vita® clas-
sical system are monochromatic or in 3–5 layers (from the 
lightest – A1 to A4). Thus, from one block it is possible to 
make crowns and bridges smaller in the cervical layer and 
lighter on the incisal edge.9,10

Apart form that, there are acrylic blocks in pink for 
making denture bases and transparent ones for making 
surgical guides in implantology.10

There are also hybrid materials on the market, which 
are a combination of ceramic and acrylic disks, so-called 
polymer-infiltrated ceramic (Vita Enamic®; Vita Zahnfabrik, 
Bad Säckingen, Germany). According to Patel, this kind 
of  material has a  very high fracture strength of  about 
180 MPa.9

In some systems for making dentures, the denture plate 
itself is milled and the teeth, produced with the traditional 
technology, are glued into the prepared holes with a self-
curing material and a  bonding agent (e.g., from Ivoclar 
Vivadent, Schaan, Liechtenstein). Other manufacturers 
recommend cutting teeth from one block and denture 
plates from another (AvaDent, Omaha, USA).10

A comparison of  commercially available systems for 
the production of  dentures based on the CAD/CAM 
system is comprehensively presented in an  article by 
Baba (Ceramill® Full Denture System; Amann Girrbach, 
Pforzheim, Germany; Dentca™; Dentca Inc., Torrance 
USA; Avadent™; Global Dental Science, Scottsdale, USA; 
Wieland®; Wieland Dental + Technik, Pforzheim, Germany) 
and by other researchers.1,10

Material and methods
The publicly available PubMed, Google Scholar and 

Scopus databases were searched with the key word “acrylic 
resins, CAD/CAM” for articles from 2010 through 2020. 
The 1st screening of  the literature databases returned 
106 articles. The availability of articles in English or Polish 
(with an English abstract) was used as the 1st criterion. The 
selection was then checked and duplicate articles were 
rejected. Articles describing the application and testing 
of CAD/CAM acrylic disks were used. The total number 
of  studies and the methods applied for screening for the 
review as well as the summary of the screening results are 
presented in Fig. 1. All the excluded articles together with 
the reasons for exclusion are shown in Table 1.

Fig. 1. Flow chart of the criteria for selecting articles

CAD/CAM – computer-aided design/computer-aided manufacturing.

Results
After the exclusion criteria were applied, 36 source articles 

were identified. Four of them appeared in more than 1 data
base, so they were used only once. The remaining articles 
were divided into 3 groups depending on what they referred 
to: mechanical properties; biocompatibility; and clinical use.

Mechanical properties 

Andreescu et al. compared the mechanical properties 
of various acrylic materials available in the form of disks and 
intended for making denture plates.10 The following were 
used in the research: Avadent, Baltic Denture System™ 
(Merz Dental, Lütjenburg, Germany), Ceramill Full Denture 
System, Dentca/Whole You™ (Dentca Inc.), and Wieland 
Digital Denture™ (Wieland Dental + Technik).10 The flexural 
strength of the prefabricated materials is up to 146 MPa. The 
residual monomer content is also very low (less than 1%).
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Similar work was performed by Saad et al., who tested 
flexural strength, impact resistance, surface roughness, 
and residual monomer concentration.11 Comparison tests 
were conducted for the heat-curing materials Acrostone® 
(Acrostone, Cairo, Egypt) and Momentive Performance 
Materials (MP-M) (Merz Dental). Acrylic resins were poly
merized in long cycles – for 7 h at 70°C and for 30 min at 
100°C. The results from this study show that the MP-M 
samples have better mechanical properties than the con-
ventional acrylic resin. For example, the flexural strength 
for the CAD/CAM samples was 116.79 ±24.95 MPa, and 
for the heat-curing resin it was 94.58 ±5.75 MPa.11

The higher resistance to swapping and greater flexi
bility module of acrylic disks have also been confirmed by 
other authors (Yilmaz et al.12 and Neves Pascutti et al.13). 
They tested 8 different brands of  acrylic CAD/CAM 
disks and compared them with the values provided by 

the producers. In some cases, the fracture toughness 
value was up to 10–15% lower. Buduru et al. stated that 
some disk had 0.16% unpolymerized methyl methacrylate 
(MMA) inside the material.14

Steinmassl et al. performed an investigation of the re-
sidual monomer releasing from a  conventional denture 
made with the CAD/CAM technology after 7-day storage 
in water.15 Four systems were investigated: Baltic Denture 
System, Vita VIONIC® (Vita Zahnfabrik), Wieland Digital 
Denture, and Whole You Nexteeth™ (Whole You Inc., San 
Jose, USA). In addition, the authors examined the density 
of the milled dentures and their surface area. Baltic Denture 
System and Whole You Nexteeth had a significantly higher 
density as compared to the conventional acrylic resin; 
Baltic Denture System had a  significantly smaller surface 
area. The concentration of residual monomer varied from 
0.6 to 6 ppm, depending on the manufacturer.15

Table 1. Selection of publications

No. Publication Reason for exclusion

1
Wimmer T, Huffmann AMS, Eichberger M, Schmidlin PR, Stawarczyk B. Two-body wear rate of PEEK, 
CAD/CAM resin composite and PMMA: Effect of specimen geometries, antagonist materials and test 
set-up configuration. Dent Mater. 2016;32(6):e127–e136.

PMMA used for testing; it is not 
a CAD/CAM sample

2
Papaspyridakos P, Lal K. Immediate loading of the maxilla with prefabricated interim prosthesis using 
interactive planning software, and CAD/CAM rehabilitation with definitive zirconia prosthesis: 2‑year 
clinical follow‑up. J Esthet Restor Dent. 2010;22(4):223–234.

zirconium dioxide used as the main 
construction component, not an acrylic 

resin

3
Drago C, Saldarriaga RL, Domagala D, Almasri R. Volumetric determination of the amount of misfit in 
CAD/CAM and cast implant frameworks: A multicenter laboratory study. Int J Oral Maxillofac Implants. 
2010;25(5):920–929.

the implant made with the use of the 
CAD/CAM and lost-wax technologies, the 
prosthesis made from a heat-curing resin, 

not CAD/CAM

4
Proussaefs P. Immediate provisionalization with a CAD/CAM interim abutment and crown: A guided soft 
tissue healing technique. J Prosthet Dent. 2015;113(2):91–95.

the final crown made from a ceramic 
material

5
Albero A, Pascual A, Camps I, Grau-Benitez M. Comparative characterization of a novel cad-cam polymer-
infiltrated-ceramic-network. J Clin Exp Dent. 2015;7(4):e495–e500.

ceramic CAD/CAM materials tested

6
Cho Y, Raigrodski AJ. The rehabilitation of an edentulous mandible with a CAD/CAM zirconia framework 
and heat-pressed lithium disilicate ceramic crowns: A clinical report. J Prosthet Dent. 2014;111(6):443–447.

a ceramic CAD/CAM material used for 
rehabilitation

7
Bonfante EA, Suzuki M, Lorenzoni FC, et al. Probability of survival of implant-supported metal ceramic 
and CAD/CAM resin nanoceramic crowns. Dent Mater. 2015;31(8):e168–e177.

a ceramic CAD/CAM material tested

8
Dehurtevent M, Robberecht L, Béhin P. Influence of dentist experience with scan spray systems used in 
direct CAD/CAM impressions. J Prosthet Dent. 2015;113(1):17–21.

a heat-curing acrylic resin used for testing

9
Başaran EG, Ayna E, Vallittu PK, Lassila LVJ. Load bearing capacity of fiber-reinforced and unreinforced 
composite resin CAD/CAM-fabricated fixed dental prostheses. J Prosthet Dent. 2013;109(2):88–94.

a composite resin used for testing

10
Ji MK, Park JH, Park SW, Yun KD, Oh GJ, Lim HP. Evaluation of marginal fit of 2 CAD-CAM anatomic contour 
zirconia crown systems and lithium disilicate glass-ceramic crown. J Adv Prosthodont. 2015;7(4):271–277.

a ceramic CAD/CAM material tested

11
Lin WS, Metz MJ, Pollini A, Ntounis A, Morton D. Digital data acquisition for a CAD/CAM-fabricated 
titanium framework and zirconium oxide restorations for an implant-supported fixed complete dental 
prosthesis. J Prosthet Dent. 2014;112(6):1324–1329.

a ceramic CAD/CAM material tested

12
Tsitrou EA, Helvatjoglu-Antoniades M, van Noort R. A preliminary evaluation of the structural integrity 
and fracture mode of minimally prepared resin bonded CAD/CAM crowns. J Dent. 2010;38(1):16–22.

composite and ceramic materials used for 
testing

13
Spyropoulou PE, Razzoog ME, Duff RE, Chronaios D, Saglik B, Tarazzi DE. Maxillary implant-supported 
bar overdenture and mandibular implant-retained fixed denture using CAD/CAM technology and 3-D 
design software: A clinical report. J Prosthet Dent. 2011;105(6):356–362.

titanium used in the CAD/CAM 
technology

14
Bentz RM, Balshi SF. Complete oral rehabilitation with implants using CAD/CAM technology, 
stereolithography, and conoscopic holography. Implant Dent. 2012;21(1):8–12.

a composite material used for CAD/CAM

15
Maunula H, Hjerppe J, Lassila LLV, Närhi TO. Optical properties and failure load of thin CAD/CAM ceramic 
veneers. Eur J Prosthodont Restor Dent. 2017;25(2):86–92.

a ceramic material used for testing

16
Ciocca L, Mingucci R, Gassino G, Scotti R. CAD/CAM ear model and virtual construction of the mold. 
J Prosthet Dent. 2007;98(5):339–343.

non-dental use (ear making)

PMMA – polymethyl methacrylate. 
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One of  the important mechanical parameters, even 
one that is required by the standard ISO 20795-1:2013,16 
is the stability of the bars of the material from which the 
medical device is made. This topic was raised in a study by 
Dayan et al., who compared the color change of self-curing 
(Weropress®; Merz Dental), heat-curing (Paladent®; 
Heraeus Kulzer, Hanau, Germany), light-curing (Eclipse®; 
Dentsply Sirona, York, USA) resins, and samples milled 
from CAD/CAM disks (M-PM).17 Standard solutions 
were used for the tests – coffee, cola, red wine, and dis-
tilled water (control group). The results were measured 
with a spectrophotometer before and after storage (after 
7 and 30 days), and any color changes (ΔE) were calculated. 
The smallest color changes were recorded for the samples 
made from a CAD/CAM disk. The greatest color changes 
were seen in the case of the materials which were treated 
with red wine.17 Similar observations about color chang-
ing were reported by Al-Qarni et al.18

Rayyan et al. tested differences in color, water sorption 
and solubility, and dye penetration between various 
materials for interim restorations, which are used to 
protect the pulp against thermal, mechanical, physical, 
and bacterial contamination.19 One representative was 
chosen for each group: CAD/CAM (Cercon® PMMA; 
DeguDent, Rosbach vor der Höhe, Germany), self-curing 
powder/liquid (Alike™; GC Corporation, Tokyo, Japan), 
bis-acrylic (Acrytemp™, Zhermack, Badia Polesine, 
Italy), and DuraCetal® (Myerson, Chicago, USA). Under 
a  microscopic examination, the samples prepared from 
the polymethyl methacrylate (PMMA) block showed no 
dye penetration through zinc oxide-based interim cement 
(RelyX Temp NE®; 3M ESPE, Seefeld, Germany) when 
placed in a  polyester mold. A  comparison between the 
sorption of  individual materials interestingly showed that 
in the case of  the samples milled from PMMA, it was 
8.7 ±0.7 µg/mm3, while for the traditional acrylic resin it 
was 28.5 ±2.0 µg/mm3. Similar observations were presented 
for abrasion – the samples made from a CAD/CAM disk 
had values which were half that of the other materials.19

Materials used for dentures have to demonstrate proper 
light translucency and fluorescence to imitate soft tissues 
and the teeth in the patient’s mouth. This issue has been 
presented by Güth et al. for 5 manual and 11 CAD/CAM 
polymer materials, using a spectrophotometer.20

Marginal adaptation, wear resistance and fracture 
resistance were compared between heat-curing and 
CAD/CAM acrylic resins by Elagra at al.21 Marginal 
adaptation was tested using a stereomicroscope; afterward, 
the images were analyzed by means of software to mea-
sure the marginal gap between the model and the crown. 
CAD-Temp® (Vita Zahnfabrik) had an  average space 
of 15.026 ±4.340 μm, while the value for the self-curing 
resin TempSpan® (Kerr Corporation, Orange, USA) was 
ten-fold higher: 145.418 ±25.365 μm.21

Modern prosthetics very often requires very differ-
ent materials to be joined together – acrylic, composite, 

metal, and others. It can be particularly difficult in the 
case of the acrylic ones made with the CAD/CAM tech-
nology, where the material is polymerized under high 
pressure and at temperatures exceeding 100°C. This is-
sue was discussed in more detail by Stawarczyk  et  al., 
who tested the connection between the Gradia® com-
posite (GC Corporation) and 3 different PMMA blocks 
– CAD-Temp, artBloc® Temp (Merz Dental) and Telio 
CAD® (Ivoclar Vivadent) – after 7-days storage in dis-
tilled water.22 Such joints are crucial, for example, when 
it is necessary to customize teeth milled from a PMMA 
block by using composite dyes, which are available in 
a larger range of colors. The authors prepared the acrylic 
surface in the following ways: no treatment; air abra-
sion (50 µm Al2O3); air abrasion with a  silanating agent 
(50  µm Al2O3 + 3-methacryloxypropyltrimethoxysilane 
(MPS) (Monobond  S®; Ivoclar Vivadent)) and an  adhe-
sive resin (StickRESIN®; Everstick, Turku, Finland) for 
Gradia/MMA application; and silica coating and silani-
zation (CoJet-System™; 3M ESPE). The conclusion re-
ported in this study was that CAD/CAM polymers could 
be veneered only with a PMMA-based veneer, with and 
without air abrasion. Adhesion between the acrylic block 
and the composite after water storage was very weak; 
mainly cohesive delamination was observed.22

During use, dentures should be cleaned to maintain hy-
giene; some patients use toothbrushes and pastes for this 
purpose. The resulting increase in surface roughness and 
weight loss has been tested by Shinawi.23 For this pur-
pose, Polident disks (Polident, Volčja Draga, Slovenia) 
were used, being subjected to abrasion tests with 40,000 
and 60,000 brush strokes, which corresponds to approx. 
3 years of brushing. Increased surface roughness leads to 
faster biofilm accumulation and colonization of  various 
microorganisms, which can lead to mucosal inflammation 
and halitosis. As a result, surface roughness increased by 0.06 
and 0.08 μm, and the simultaneous weight loss was 0.22 and 
0.4 mg after 40,000 and 60,000 brushing cycles, respectively.23

Studies on the smoothness of the surface of acrylic plas-
tics in the form of  CAD/CAM disks were presented by 
Alammari.24 The samples were polished by mechanical 
(pumice slurry and a polishing paste with Al2O3 (Universal 
Polishing Paste®; Ivoclar Vivadent)) and chemical means, 
and their surface roughness was measured. Chemical pol-
ishing was performed in a preheated jar containing MMA 
monomer at 75 ±1°C for 10 s. The author considered me-
chanical polishing as the most effective polishing tech-
nique and concluded that a better surface was obtained 
for the samples of CAD/CAM resins as compared to the 
heat-curing material.24

Biological compatibility 

One of  the first screening tests to determine whether 
a material is biocompatible is cytotoxicity testing on dif-
ferent cell cultures. In the data provided by manufacturers, 
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it is sometimes possible to find such information. For 
example, inno/Blanc CORiTEC® (imes-icore, Eiterfeld, 
Germany) has a  cell survival rate of  96–98% under 
24-hour exposure.14

The adhesion of  Candida albicans to the surfaces 
of denture plates made with the CAD/CAM technology 
was tested in relation to the traditional resins by 
Al-Fouzan et al.25 After a 24-hour incubation period, the 
number of colonies present on the surface of the acrylic 
sample was calculated. In the case of CAD/CAM disks, 
this value was 1.1  ×  103, while for the traditional heat-
polymerized resin it was 2.3 × 103.25

Souza et al. tested a very important property of acrylic 
materials, i.e., cytotoxicity.26 The samples of  materials 
for manufacturing crowns and bridges were in contact 
with a cell culture for 24 h. One of the tested materials 
was VIPI BLOCK TRILUX® (VIPI, Pirassununga, Brasil) 
– an  acrylic resin material used in the CAD/CAM 
technology, which was analyzed for the viability of oral 
keratinocytes (NOK-SI (RRID:CVCL-BW57)) from hu-
man oral mucosa. Alamar blue was used for detection. 
Cell survival for this material was not disturbed, in con-
trast to the self-curing type of acrylic materials. In ad-
dition, the authors compared surface smoothness and 
the adhesion of cells to the selected materials. The low-
est roughness value was reported for the material in the 
form of milling disks.26

Clinical use 

Buduru et al. made a comparison of 2 new methods 
used to make splints with the CAD/CAM and three-
dimensional (3D) printing technologies.14 Such devices 
allow the etiology of  pain to be diagnosed, muscle or 
temporomandibular joint pain to be treated, or new 
occlusal positions to be tested. In both methods, in-
stead of  the traditional impression, an  intraoral scan-
ner (3Shape Trios®; 3Shape, Copenhagen, Denmark) 
was used. During the next step, a digital splint, 3-milli
meter-thick, was made using the 3Shape Appliance 
Designer™ (3Shape). The 1st splint was fabricated from 
a disk (imes-icore), using the Zenotec Select™ milling 
machine (Wieland Dental + Technik). The 2nd device 
was prepared with Dental LT Clear Resin® (Formlabs 
Inc., Somerville, USA) and the printer used was Form 
2 (Formlabs Inc.) with the stereolithography technique. 
The benefits of digital splints were appreciated in terms 
of working time, because the traditional technique re-
quired more than 5 h in the dental laboratory. Com-
puter processing takes 1 h, a CAD/CAM device can be 
milled in 75 min and using the 3D printing technology 
takes 90 min. The 2nd parameter – the fit of the digital 
splint (both milled and printed) – was significantly bet-
ter than that of  the conventional splint. The best oc-
clusion was obtained from the printed splint, and with 
the same benefits for the cost, since the cost of printing 

an occlusal splint is lower than the cost of milling one. 
In addition, there is not as much material waste as in 
the case of CAD/CAM.14

Infante et al. gave a  detailed description on using the 
AvaDent system to produce removable dentures.27 Firstly, 
impressions are taken using individual trays with silicones; 
then, the contacts between the jaw and the mandible are 
established using special maxillary and mandibular ana-
tomic measuring devices (AMDs). After all of the impres-
sions are sent back to AvaDent, the company prepares the 
denture with the CAD/CAM technology. The teeth are 
fixed into the denture base with a  self-curing material. 
There is also an option of milling a model of the denture 
in wax with embedded teeth, which goes to the dentist to 
test the position and color of the teeth.27 Other systems 
for milling CAD/CAM dentures used in clinical practice 
were described in a study by Han et al.28

Clinicians will be very interested in the accuracy and 
matching of prostheses made from an  injection-molded 
material under pressure (Ivocap®; Ivoclar Vivadent) and 
restorations milled from acrylic disks (VIPI BLOCK 
TRILUX; VIPI). According to Lee et al., the accuracy 
measured in 2 points of  the mid-palatal suture was 
significantly lower for than for the other method; however, 
the degree of fine reproducibility was higher in the case 
of the injection-molding technique.29

A clinical examination was carried out by Ali and Al-Harbi 
on 2 upper dentures for 1 patient, one made from the 
traditional heat-polymerized acrylic resin and the other 
milled from an  acrylic block.30 Then, they tested the 
force required to dislodge the maxillary prosthesis. Their 
results indicated that a force of over 2,000 gf was needed 
to remove the restoration from the oral cavity, whereas the 
traditional one had a lower adhesion of about 1,400 gf.30

Other authors compared the accuracy of dentures pro-
duced with the CAD/CAM technology to traditional 
supplements.31–35 Everyone is of  the opinion that milled 
dentures have a slightly better fit in comparison with tradi-
tional dentures. This is due to the shrinkage of the material 
during polymerization, the lower surface roughness coef-
ficient and the more homogeneous surface of the polymer-
ized material in industrial conditions, among other things.

Conclusions
The literature review clearly indicates that acrylic mate-

rials used in the CAD/CAM technology have better me-
chanical and biological properties than traditional acrylic 
materials. The only disadvantage of these materials is the 
waste of the remaining material after milling the restora-
tion, which can no longer be used. At present, a new 3D 
printing technology is becoming more and more impor-
tant. However, it still has some limitations, e.g., the inabi
lity to print multicolor teeth with an appropriate degree 
of translucency.12,13,15,28,35,36
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Yet, CAD/CAM materials have a  lower adhesion be-
tween the acrylic teeth and the denture plate. This is due 
to the fact that in the case of heat-curing materials, the 
teeth are polymerized along with the denture plate. In 
most CAD/CAM systems, however, the teeth are glued 
using a self-curing resin. In addition, CAD/CAM blocks 
are harder and more cross-linked. There are fewer double 
bonds to which the self-curing resin can be attached. 
Some authors have concluded that polymer beads may 
not dissolve completely into monomer prior to polymer-
ization, and the fast drying of bonding agents after con-
tact with CAD/CAM blocks and acrylic teeth gives poor 
mechanical retention.35,36

Prosthetic processes in the CAD/CAM technology 
should be used when higher mechanical resistance, better 
surface smoothness and better color stability are required 
as well as when semi-permanent crowns and bridges and 
removable dentures are needed.
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Abstract
Scarlet fever is an infectious disease caused by group A streptococcal bacteria, transmitted mainly through 
direct contact with the saliva and nasal fluids of infected people. It may also arise from streptococcal wound 
infections or burns. The disease most commonly affects children aged 5–15 years and manifests as a sore 
throat, fever and a sandpaper-like, papular skin rash. Due to the evident involvement of the oral structures, 
the awareness of the symptoms of scarlet fever is essential for dentists in order to avoid the spread of this 
highly contagious disease in crowded places, such as kindergartens and schools. As no vaccine is available 
to prevent scarlet fever, the early diagnosis and treatment of this condition are important in reducing the 
risk of developing local and systemic complications, which include acute rheumatic fever, glomerulone-
phritis, bacteremia, pneumonia, endocarditis, and meningitis.

In this report, 2 cases of scarlet fever are described in unrelated children with diverse symptoms, and dia
gnostic and therapeutic strategies are discussed.
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Introduction
Scarlet fever is a  disease caused by infective group 

A streptococcal bacteria.1–3 The route of transmission is 
mainly through direct contact with the saliva and nasal 
fluids of infected people. Scarlet fever may also arise from 
streptococcal wound infections or burns. Food-borne 
outbreaks have also been reported.1,2 A  recent report 
indicates a  potential relationship between opportunistic 
Streptococcus sanguis (S. sanguis) and scarlet fever.4 The 
disease most commonly affects children 5–15 years of age, 
in winter and spring, and manifests as a sore throat, fever 
and a  sandpaper-like, papular, general skin rash. Rare 
cases of  scarlet fever in elderly patients have also been 
reported.5 The characteristic appearance of  the tongue, 
described as ‘strawberry tongue’ or ‘raspberry tongue’, is 
a common symptom.4–8 Although the incidence of scarlet 
fever declined in the past few decades, an increase in the 
number of cases worldwide has been observed recently. 
A  newer virulent streptoccocal bacterium is one of  the 
potential causes of this reemergence of the disease. Ma-
jor outbreaks have been reported in Asia, particularly in 
Vietnam and mainland China; smaller outbreaks have also 
occurred in the USA and Canada. The largest outbreak in 
the UK since 1969 was reported in 2015.1,2,9–13 Meanwhile, 
no serious exacerbations of scarlet fever have been observed 
in New Zealand, which may be partially explained by the 
2012 introduction of a nationwide program for reducing 
acute rheumatic fever by treating Streptococcus pyogenes 
(S. pyogenes) pharyngitis in children at high risk.14 A sig-
nificantly higher incidence of scarlet fever in urban areas 
with denser populations and more developed transport 
infrastructure as compared to rural regions has been re-
cently observed, which suggests that prevention and con-
trol measures for this disease should be focused more on 
metropolitan areas.1

The early diagnosis and treatment of  scarlet fever are 
important in order to avoid the development of compli-
cations, both local and systemic. Local complications 

present as peritonsillar and retropharyngeal abscesses. 
Systemic complications include acute rheumatic fever, 
glomerulonephritis, bacteremia, pneumonia, endocar-
ditis, and meningitis. In rare cases, hepatitis, gallbladder 
hydrops or splenomegaly may develop as a consequence 
of scarlet fever.9,10 Due to the characteristic oral presen-
tation of this disease, it is very important for dentists to 
be able to recognize and correctly diagnose patients with 
scarlet fever, which will facilitate proper treatment.

Case reports

Case 1 

A 7-year-old schoolboy suddenly developed facial 
erythema – initially appearing unilaterally, and later 
bilaterally – in the buccal regions, excluding the mouth 
(Fig.  1). This was followed by a  diffuse, pink, papular 
rash affecting the limbs, the groin, the armpits, the 
trunk, and the buttocks (Fig. 2). Subjective complaints 
included only a  moderate soreness of  the throat and 
fatigue. The body temperature was elevated during 
the first 2 days of  the infection, but did not exceed 
38°C. There was no evidence of  lymphadenopathy. 

Fig. 1. Erythema of the face in a 7-year-old patient Fig. 2. Papular rash in the flexor area in a male patient
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An intraoral examination revealed the erythema of the 
posterior wall of the pharynx and redness of the tongue 
with the absence of coating.

Apart from the ongoing infection, the boy was generally 
healthy. However, he required regular neurological follow-
ups due to childhood epilepsy without seizures, which had 
been diagnosed 1.5 years earlier; he had suffered pharyn-
gitis approx. 1 month prior. Also, his father and younger 
sister were infected at the time, presenting with flu-like 
symptoms, including fever, malaise and a cough.

Scarlet fever was diagnosed by a  pediatrician on the 
3rd day of the onset of the symptoms based on the charac
teristic mucocutaneous findings, without any accessory 
tests. Treatment for 10 days with amoxicillin with clavu-
lanic acid in suspension – (400 mg + 57 mg)/5 mL – ad-
justed to the child’s body weight, was begun on the 3rd day 
of the onset of the symptoms. The skin lesions faded fully 
in approx. 1 week, and no desquamation of the skin was 
observed afterward.

Case 2 

A 4-year-old, generally healthy girl reported fatigue, 
nausea and abdominal pain followed by vomiting. 
At  night, her body temperature was slightly elevated, 
reaching 37.7°C. The next day she developed a pink, papu-
lar skin rash, which started on the neck, the chest and the 
armpits, and rapidly spread to her trunk, limbs, groin, and 

face (Fig. 3). The patient did not report itching. Simulta-
neously, redness of  the palatal tonsils and erythematous 
macules on the soft palate were detected. Severe coating 
on the tongue was observed, which disappeared in 2 days, 
showing a  reddened tongue surface with enlarged fili-
form papillae (Fig. 4). However, the girl did not complain 
of a sore throat. The submandibular, cervical, axillary, and 
inguinal lymph nodes were tender and enlarged.

Scarlet fever was diagnosed by a pediatrician, who recom-
mended phenoxymethylpenicillin at a dose of 750 mg/5 mL 
thrice daily for 10 days. Shortly afterward, the rash and 
other symptoms resolved. However, soon after the ter-
mination of the antibiotic treatment, the girl again deve
loped a pink skin rash located on the neck and the back, 
spreading to the buttocks and the legs, but not accompa-
nied by any other evident systemic signs. She complained 
of a sore throat. An  intraoral examination revealed red-
dened palatopharyngeal arches. The tongue was not 
coated at the front, but elongated papillae were evident 
in the posterior part. A bacteriological culture from the 
oropharyngeal area revealed a  moderately high growth 
of S. pyogenes, which was sensitive to penicillin, erythro-
mycin and clindamycin. Due to the spontaneous remis-
sion of the symptoms, by the time the result of the culture 
was received, no additional treatment with an antibiotic 

Fig. 3. Sandpaper-like skin rash in a 4-year-old female patient Fig. 4. Strawberry tongue in a 4-year-old girl with scarlet fever
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was advised by the doctor. Considering the type and 
location of the skin lesions as well as the positive family 
history, this time, the condition was diagnosed as atopic 
dermatitis. Treatment with a  cream containing fusidic 
acid and betamethasone valerate, applied twice daily for 
5 days, was prescribed. The skin lesions slowly resolved, 
but a further application of emollients was advised.

As mentioned before, the girl was generally healthy, but 
2 weeks prior to the initial infection, she had developed 
paronychia of the right thumb. The nail wall was red, swol-
len and warm, but no pathological exudate was evacuated 
from the area (Fig. 5). It was first treated with medicinal 
soft soap (soaking the thumb in a  soapy solution a  few 
times daily), and then with a topical neomycin spray twice 
daily for 5 days, with no improvement observed. It healed 
shortly after a  systemic antibiotic for scarlet fever was 
administered. In this case, the typical skin desquamation 
of the hands was observed 2 weeks after the termination 
of the antibiotic therapy.

Meanwhile, the child developed signs of acute genital 
candidiasis with massive, white, removable coating on 
erythematous genital mucosa, combined with itching. 
This was treated with topical nystatin at a dosage adjust-
ed to the child’s body weight, which quickly resolved the 
symptoms.

Interestingly, the 2 children were in direct contact 
8 days before the symptoms occurred in the boy. The girl 
was infected approx. 1 month later.

Discussion
Numerous options of a differential diagnosis in children 

with maculopapular dermatitis and fever must be consi
dered. They include rubella, measles, Kawasaki syndrome, 
infectious mononucleosis, hand-foot-and-mouth disease, 
and the exanthematous drug reaction. A thorough history 
of all the clinical symptoms preceding dermatitis, a posi-
tive family history, the location of  the lesions and their 
evolution as well as a history of medical treatment and re-
cent travel history of the child and their caregivers are all 
essential for making a prompt diagnosis.8,15–17 Although 
the clinical appearance of scarlet fever is well established 
and well documented, we believe it is still important to 
describe the crucial signs of the disease and to emphasize 
the oral involvement, showing the potential role of a den-
tist in recognizing the disease. Considering the risk 
of complications in diseases with maculopapular derma-
titis, an early diagnosis and the implementation of proper 
treatment are very important. For example, the clinical 
presentation of  Kawasaki syndrome, which is defined 
as acute, generalized systemic vasculitis of  an unknown 
etiology, may mimic scarlet fever, and there is a risk of ac-
quired cardiac sequelae associated with both. However, 
treatment is different in each of those diseases.16

The gold standard for treating scarlet fever are antibio
tics. Such a therapy decreases the duration of the illness and 
helps to prevent developing complications.10,15 It also stops 
the transmission of the disease between children, as a per-
son is no longer contagious after 24 h of the treatment. The 
antibiotic of choice is penicillin V or amoxicillin for 10 days 
in a form and at a dosage adjusted to the child’s body weight. 
If the patient is allergic to these drugs, first-generation 
cephalosporin, clindamycin or erythromycin can be used. 
The effectiveness of tonsillectomy did not appear to be high 
in the treatment of recurrent streptococcal pharyngitis, as 
the carrier state of group A streptococci is also common in 
patients who have had their tonsils removed.10,15,16

In both of the cases presented herein, the patients were 
small children and the crucial symptom was a  diffuse, 
sandpaper-like skin rash. The potential route of transmis-
sion in the 1st case was via the infected exudates of  the 
family members. In the 2nd case, either direct contact 
with an infected person from a nursery school or the in-
fection of  a  nail wall (paronychia) could be considered 
as the main route. It is worth noting that the oral symp-
toms were not so evident in the case of  the boy, where 
the lymphadenopathy of the neck area was barely evident. 
Also, the phase of strawberry tongue with massive coat-
ing was not reported by the child’s parents. No complica-
tions were observed as a  consequence of  this infection. Fig. 5. Paronychia in a female patient with scarlet fever
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Contrary to those observations, in the 2nd case, all typi-
cal oropharyngeal signs of scarlet fever, including straw-
berry tongue and raspberry tongue with simultaneous 
pharyngitis and local lymphadenopathy, were preceded 
by abdominal pain and nausea, another common initial 
sign of this disease. Atopic dermatitis, which appeared in 
the girl shortly after the infection ended, could have been 
initiated by the presence of pathological streptococci or 
by the general dysregulation of the immune system due to 
infection. On the other hand, another complication which 
developed in this patient, i.e., acute pseudomembranous 
candidiasis, could have been a consequence of  the anti
biotic and steroid treatment, and again a sign of a tempo-
rarily reduced immune response. Although the 2 children 
were in contact with each other shortly before the boy de-
veloped the first signs of scarlet fever, it is not very likely 
that they infected each other, as the girl became ill approx. 
10 weeks later than the boy. Considering the incubation 
period of scarlet fever, which is estimated to be 2–5 days, 
another route of transmission must be considered.

A diagnosis of scarlet fever is most commonly based on 
a  detailed history and a  characteristic clinical presenta-
tion. The recommended confirmation of  the diagnosis 
is the culturing of a  throat swab.10,15 Serological testing, 
where the antibodies against a  streptococcal infection 
(antistreptolysin O and anti-deoxyribonuclease B) are de-
tected, can be performed when assessing a  person who 
may have one of the complications from a previous strep-
tococcal infection, as it takes the body 2–3 weeks to pro-
duce these antibodies. Therefore, this type of testing can-
not be used in diagnosing a current infection.12

As presented in these 2 case reports, the route of trans-
mission and clinical appearance of scarlet fever may vary. 
Due to the evident involvement of the oral structures, the 
awareness of the symptoms of scarlet fever is essential for 
dentists in order prevent the spread of  this highly con-
tagious disease in crowded places, such as kindergartens 
and schools. Currently, no vaccine is available to prevent 
scarlet fever, although the antibiotic treatment allows the 
complete resolution of the disease and prevents the deve
lopment of complications. That is why a prompt diagnosis 
is so important.
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