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ORIGINAL PAPERS

The reconstruction of the anterior cruciate ligament 
(ACL) of the knee joint is a  standard ACL complete 
rupture treatment for individuals who want to return 
to high-level activities [1] and is recommended in order 
to prevent instability of the knee, further intraarticular 
disease and recurrent injury [2–4]. The most common-
ly used grafts for reconstruction of the ruptured ACL 

are autologous semitendinosus (ST) or combined ST 
and gracilis tendon (STGR) grafts or autologous cen-
tral third patellar tendons with associated bone (BTB) 
[5, 6]. Even though both grafts show good results after 
ACL reconstruction and some authors suggest that graft 
selection should be based on an individual evaluation  
of patient demands, because of such potential advan-
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Abstract
Background. The reconstruction of the anterior cruciate ligament (ACL) of the knee joint is a  standard in ACL 
complete rupture treatment in athletes. One of the weakest points of this procedure is tibial fixation of grafts. 
Objectives. The aim was, firstly, to evaluate patients 3–4 years after primary ACL reconstruction with the use of autolo-
gous ipsilateral STGR grafts and with tibial fixation using a  bioabsorbable interference screw composed of PLLA-HA or 
WasherLoc, comparing the postoperative result to the preoperative condition and, secondly, to compare the results between 
the two groups of patients with different tibial fixation.
Material and Methods. Group I consisted of 20 patients with a bioabsorbable interference screw composed of PLLA-HA tibial 
fixation. In Group II, there were 22 patients after ACL reconstruction with the use of WasherLoc tibial fixation. The Lachman 
test, pivot-shift test, Lysholm Knee Scoring Scale and 2000  International Knee Documentation Committee (2000  IKDC) 
Subjective Knee Evaluation Form were used to evaluate the results.
Results. The intra-group comparison of the results of the 2000 IKDC Subjective Knee Evaluation Form and Lysholm Knee 
Scoring Scale obtained in the groups studied showed statistically significant differences between the evaluation performed 
preoperatively and postoperatively. The inter-group comparison of the results of the 2000 IKDC Subjective Knee Evaluation 
Form and Lysholm Knee Scoring Scale obtained postoperatively showed no statistically significant differences between the 
two groups.
Conclusions. An evaluation 3–4 years after ACL reconstruction with the use of autologous ipsilateral STGR grafts demon-
strated significant progress from the preoperative condition to the postoperative result in patients with tibial fixation using 
a bioabsorbable interference screw composed of PLLA-HA as well as in patients with WasherLoc tibial fixation. There were 
no differences found between the two groups of patients after ACL reconstruction in terms of manual stability testing or 
a subjective assessment of knee joint outcomes (Polim. Med. 2016, 46, 1, 53–58).
Key words: anterior cruciate ligament reconstruction, bone screws, orthopedic fixation devices.
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tages as less donor site morbidity or greater overall graft 
strength in the case of a quadrupled graft, the ST and 
STGR grafts have recently become more popular grafts 
to be used [7–10]. Nevertheless, ST and STGR grafts,  
in contrast to BTB, are soft tissue grafts which are at high-
er risk of the slippage and loss of stability caused by slow-
er healing and greater stress at the site of fixation [11],  
because of which the fixation within the tibia is consid-
ered the weakest link of the ACL reconstruction [12].  
Polymer-ceramic composite materials made up of poly- 
-L-lactic acid (PLLA) and hydroxyapatite (HA) gran-
ules have been introduced as materials with biome-
chanical properties that are more reliable and closer 
to the properties of metallic implants but are also bio-
absorbable, biocompatible and osteoinductive [13],  
while the WasherLoc is a washer that, coupled with bone 
dowel, allows circumferential tendon-tunnel healing [14].

The goal of the present study was two-fold. Firstly, 
to evaluate patients 3–4 years after primary ACL recon-
struction with the use of autologous ipsilateral STGR 
grafts and with tibial fixation using bioabsorbable in-
terference screw composed of PLLA-HA or WasherLoc 
tibial fixation, comparing the postoperative results to 
the preoperative condition, and secondly, to compare 
the results between the two groups of patients with dif-
ferent tibial fixation.

Materials and Methods
The study was conducted according to the ethics 

guidelines and principles of the Declaration of Helsin-
ki. Written informed consent forms were signed by all  
of the participants.

Material
The studied material was comprised of 2  groups  

of participants after primary single-bundle ACL recon-
struction with the use of autologous ipsilateral com-
bined STGR grafts. Group I  consisted of 20  patients 
(12 males, 8 females) with a bioabsorbable interference 
screw composed of PLLA-HA tibial fixation (Fig. 1, 
Fig. 2  right side). In Group II there were 22  patients 
(11  males, 11  females) after ACL reconstruction with 
the use of WasherLoc tibial fixation (Fig. 2  left side,  
Fig. 3). The two tibial fixations were done according to 
the manufacturer specifications.

The initial sample was comprised of 56 patients af-
ter ACL reconstruction operated on by the same two 
surgeons in the years 2012 and 2013. Participants were 
recruited to the study on the inclusion criteria below 
and then divided into particular groups based on the 
tibial fixation method used in the reconstruction. The 
inclusion criteria were: primary unilateral intraarticular 
ACL reconstruction with the use of autologous ipsilat-
eral STGR graft, no additional injuries of the involved 
knee joint between the surgery and the second mea-
surement.

Fig. 1. X Ray (AP, lateral) of a right knee after ACL recon-
struction with the use of bioabsorbable interference screw 
tibial fixation

Fig. 2. WasherLoc 
(on the left) and  
bioabsorbable screw 
(on the right) tibial 
fixations

Fig. 3. X Ray (AP, lateral) of a right knee after ACL recon-
struction with the use of WasherLoc tibial fixation

Exclusion criteria were: revision ACL reconstruc-
tion, medial (MM) and/or lateral (ML) meniscal to-
tal/subtotal resection or transplant, contralateral graft 
or allograft used for the reconstruction, other than 
hamstring graft used for the reconstruction, posterior 
cruciate ligament (PCL) or/and medial- or/and later-
al-contralateral ligament repair, extensor mechanism 
surgery, patellofemoral surgery other than cartilage 
debridement, articular cartilage injury grade 3  or/and  
4 according to ICRS, csteochondritis-dissecans lesions, 
additional injuries of the involved lower limb between 
the surgery and the second measurement.
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The mean age difference between the two groups 
studied was statistically insignificant (Group I: 31.25 ± 
11.96 years, Group II: 33.11 ± 12.11 years). In Group I,  
in 13  cases the operated knees were right and in 7, 
left. In Group II there were 12 right knees and 10  left 
operated on. The difference between the mean time  
of postoperative physiotherapy in both groups studied 
was statistically insignificant (Group I: 12 ± 03 weeks. 
Group II: 13 ± 25).

Methods
All of the participants of the study underwent clin-

ical evaluation two times. The first assessment in both 
groups studied was performed one day before the ACL 
reconstruction. The mean time between the ACL re-
construction and the second assessment was 3.97 ± 0.94  
years in Group I and 3.82 ± 0.80 in Group II. The dif-
ference of that time between the groups was statistically 
insignificant. The participants were evaluated manual-
ly using a  Lachman test and pivot-shift test, Lysholm 
Knee Scoring Scale and 2000 International Knee Doc-
umentation Committee (2000  IKDC) Subjective Knee 
Evaluation Form.

Statistical Analysis
Statistical analysis was performed with the use  

of IBM SPSS Statistics 20. The mean value (x) and stan-
dard deviation (SD) of the Lysholm score and 2000 IK-

DC Subjective Knee Evaluation Form were calculated 
for each studied group. Data distributions were tested 
for normality with the use of the Shapiro-Wilk test [15]. 
For the intra-group comparison between the preoper-
ative and postoperative evaluation, the Student’s t-test 
was used and for the inter-group comparison, a para-
metric test for independent samples was used. Differ-
ences were considered significant if p < 0.05. The intra- 
and inter-group comparison of the results of manually 
anterior tibial translation testing was based on the inci-
dence of inter-limb difference of more than 3 mm an-
terior tibial translation in the Lachman test and more 
than +glide result of the Pivot Shift test.

Results
The intra- and inter-group comparison of the re-

sults of manually anterior tibial translation testing 
based on the incidence of inter-limb difference of more 
than 5  mm anterior tibial translation in the Lachman 
test and more than +glide result of the Pivot Shift test 
showed a difference between the preoperative and post-
operative measurement, nevertheless it showed no dif-
ferences between the studied groups (Table 1).

The intra-group comparison of the results of the 
2000 IKDC Subjective Knee Evaluation Form and Ly-
sholm Knee Scoring Scale obtained in the groups stud-
ied showed statistically significant differences between 
the evaluations performed preoperatively and postop-
eratively (Fig. 4).

Table 1. Intra- and inter-group comparison of the incidence of inter-limb difference of more than 3 mm  
anterior tibial translation in Lachman test and more than +glide result of Pivot Shift test

Lachman test (n) Pivot Shift test (n)
preoperatively postoperatively preoperatively postoperatively

Group I (n = 20) 20 4 20 4
Group II (n = 22) 22 5 22 4

n: number of individuals.

Fig. 4. Intra-group com-
parison of the results of 
2000 IKDC Subjective Knee 
Evaluation Form and  
Lysholm Knee Scoring Scale 
obtained preoperatively and 
postoperatively
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The inter-group comparison of the results of the 
2000 IKDC Subjective Knee Evaluation Form and Ly-
sholm Knee Scoring Scale obtained preoperatively and 
postoperatively showed no statistically significant dif-
ferences between the two groups studied (Fig. 5).

Discussion
At a minimum 3-year follow up, patients after ACL 

reconstruction using both types of the graft fixation 
methods relevant to this study showed significant prog-
ress from preoperative to postoperative assessment re-
sults. There were no differences found between the two 
groups of patients after ACL reconstruction in terms 
of manual stability testing or a  subjective assessment  
of knee joint outcomes.

The clinical outcomes of ACL reconstruction are 
affected by such elements of the reconstruction tech-
nique as femoral tunnel positioning, type of graft 
used for the reconstruction and the method of graft 
fixation [16–18]. Femoral tunnel position may have 
a  significance in better reproducibility of the native 
ACL anatomy [18] as the tunnel drilling technique has  
an influence on achieving a  more anatomic femoral 
tunnel, nevertheless the outcomes still remain incon-
sistent [16]. The types of grafts used for the ACL recon-
struction are also of interest [19].

Hamstring graft fixation in the ACL reconstruction 
is recognized as one of the factors influencing long-term 
ACL reconstruction success as the graft has to with-
stand force loading during the early stages of the phys-
iotherapeutic procedure [20]. Thus graft fixation affects 
the stability and healing of the construct. Because of the 
facts that forces are in line with the tibial tunnel and the 
tibia metaphysis is characterized by lower bone densi-

ty in comparison to the femur, there is much concern 
about the strength of tibial fixation [11, 21].

Bioabsorbable interference (BioRCI) screws were 
first described by Lambert and Kurosaka et al. [22, 23]. 
According to an Ambrose and Clanton [24] review, the 
bioabsorbable implants provide strong fixation of the 
graft, the possibility of revision surgery, a  low level of 
inflammatory response, a low incidence of adverse re-
actions and good biological incorporation of the graft 
into the tunnel. Nevertheless, they have some limita-
tions in comparison to metallic implants, such as low-
er strength, higher cost and sometimes an undesired 
biological response. Polymer-ceramic composite ma-
terials composed of PLLA-HA are characterized by 
biomechanical properties that are more reliable and 
closer to the properties of metallic implants but are also 
bioabsorbable, biocompatible and osteoinductive [13], 
as one of the main HA features is providing a scaffold 
on which new bone is growing due to forming crystal 
deposits arranged in a cells’ network subsequently col-
onized by osteoblasts [25]. After use of first-generation 
bioabsorbable PLLA implants, cyst formation and lack  
of osseous ingrowth have been noted [26].

The WasherLoc technique, introduced in 1997,  
is a  multi-spiked washer with four long peripheral 
spikes and multiple shorter spikes. The long spikes en-
gage the cortical bone while the shorter ones purchase 
the soft tissue graft. The WasherLoc is fixed in a coun-
terbore recess of the tibia tunnel which, coupled with 
a  bone dowel, allows circumferential tendon-tunnel 
healing, which then makes aggressive and brace-free 
postoperative physiotherapeutic procedures possible 
and affects the snugness of fit [14, 27]. The WasherLoc 
combined with bone dowel results in superior fixation 
properties (945  N  strength, 565  N/mm stiffness and 
high resistance to slippage) [28].

Fig. 5. Inter-group com-
parison of the results of 
2000 IKDC Subjective Knee 
Evaluation Form and  
Lysholm Knee Scoring Scale 
obtained preoperatively and 
postoperatively
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According to Scannell et al. [29], comparing 4 tib-
ial fixation devices, Intrafix as characterized by superi-
or strength in tibial hamstring graft fixation, followed 
closely by WasherLoc. Interference screws, used as sole 
devices, demonstrated low load to failure, decreased 
stiffness and high residual displacement. The authors 
suggested that confounding factors that may affect the 
performance of the interference screws are the bone 
density of porcine tibia, length of the interference screw 
and location of screw placement [29]. The results of the 
study may have a crucial impact on early stages of the 
physiotherapeutic procedures, indicating the possibility 
of more aggressive procedures in the case of WasherLoc 
fixation [29].

The main limitations of the present study are lack 
of instrumented ligament examination, MRI follow up 

which could help to assess the degradation, biological 
behavior and osteointegration process [13] of the fix-
ation methods studied, and some objective functional 
assessment methods being used in a  comprehensive 
evaluation of the patient after ACL reconstruction [30].

Evaluation 3–4 years after ACL reconstruction with 
the use of autologous ipsilateral STGR graft demon-
strated significant progress from preoperative condi-
tion to postoperative result in patients with tibial fixa-
tion using bioabsorbable interference screws composed 
of PLLA-HA as well as in patients with WasherLoc tib-
ial fixation.

There were no differences found between the two 
groups of patients after ACL reconstruction in terms 
of manual stability testing or a  subjective assessment  
of knee joint outcomes.

Acknowledgment. The authors would like to thank Bartosz Witkowski for his writing and editing services.

References
  [1]	 Ekstrand J.: A 94% return to elite level football after ACL surgery: A proof of possibilities with optimal caretaking or a sign 

of knee abuse? Knee Surg. Sports Traumatol. Arthrosc. 2011, 19, 1–2. doi: 10.1007/s00167-010-1300-4.
  [2]	 Fithian D.C., Paxton L.W., Goltz D.H.: Fate of the anterior cruciate ligament-injured knee. Orthop. Clin. North Am. 2002, 

33, 621–636.
  [3]	 Fithian D.C., Paxton E.W., Stone M.L. et al: Prospective trial of a treatment algorithm for the management of the anterior 

cruciate ligament-injured knee. Am. J. Sports Med. 2005, 33, 335–346.
  [4]	 Zaffagnini S., Marcacci M., Lo Presti M., Giordano G., Iacono F., Neri M.P.: Prospective and randomized evaluation of 

ACL reconstruction with three techniques: A clinical and radiographic evaluation at 5 years follow-up. Knee Surg. Sports 
Traumatol. Arthrosc. 2006, 14, 1060–1069. 

  [5]	 Marumo K., Saito M., Yamagishi T., Fujii K.: The “ligamentization” process in human anterior cruciate ligament recon-
struction with autogenous patellar and hamstring tendons: A biochemical study. Am. J. Sports Med. 2005, 33, 1166–1173.

  [6]	 Goradia V.K., Rochat M.C., Kida M., Grana W.A.: Natural history of a hamstring tendon autograft used for anterior cru-
ciate ligament reconstruction in a sheep model. Am. J. Sports Med. 2000, 28, 40–46.

  [7]	 Ibrahim S.A., Al-Kussary I.M., Al-Misfer A.R., Al-Mutairi H.Q., Ghafar S.A., El Noor T.A.: Clinical evaluation of ar-
throscopically assisted anterior cruciate ligament reconstruction: Patellar tendon versus gracilis and semitendinosus auto-
graft. Arthroscopy 2005, 21, 412–417.

  [8]	 Goldblatt J.P., Fitzsimmons S.E., Balk E., Richmond J.C.: Reconstruction of the anterior cruciate ligament: Meta-analysis 
of patellar tendon versus hamstring tendon autograft. Arthroscopy 2005, 21, 791–803.

  [9]	 Rahr-Wagner L., Thillemann T.M., Pedersen A.B., Lind M.: Comparison of hamstring tendon and patellar tendon grafts 
in anterior cruciate ligament reconstruction in a nationwide population-based cohort study: Results from the Danish regis-
try of knee ligament reconstruction. Am. J. Sports Med. 2014, 42, 278–284. doi: 10.1177/0363546513509220.

[10]	 Scranton P.E. Jr, Bagenstose J.E., Lantz B.A., Friedman M.J., Khalfayan E.E., Auld M.K.: Quadruple hamstring anterior 
cruciate ligament reconstruction: A multicenter study. Arthroscopy 2002, 18, 715–724.

[11]	 Brand J. Jr, Weiler A., Caborn D.N., Brown C.H. Jr, Johnson D.L.: Graft fixation in cruciate ligament reconstruction. Am. 
J. Sports Med. 2000, 28, 761–774. 

[12]	 Kousa P., Järvinen T.L., Vihavainen M., Kannus P., Järvinen M.: The fixation strength of six hamstring tendon graft fixa-
tion devices in anterior cruciate ligament reconstruction. Part II: tibial site. Am. J. Sports Med. 2003, 31, 182–188.

[13]	 Macarini L., Milillo P., Mocci A., Vinci R., Ettorre G.C.: Poly-L-lactic acid – hydroxyapatite (PLLA-HA) bioabsorbable 
interference screws for tibial graft fixation in anterior cruciate ligament (ACL) reconstruction surgery: MR evaluation of os-
teointegration and degradation features. Radiol. Med. 2008, 113, 1185–1197. doi: 10.1007/s11547-008-0334-x.

[14]	 Howell S.M., Roos P., Hull M.L.: Compaction of a bone dowel in the tibial tunnel improves the fixation stiffness of a soft 
tissue anterior cruciate ligament graft: an in vitro study in calf tibia. Am. J. Sports Med. 2005, 33, 719–725.

[15]	 Royston P.: Remark AS R94: A remark on algorithm AS 181: The w-test for normality. J. Royal Statistical Society. Series 
C (Applied Statistics) 1995, 44, 547–551.

[16]	 Duffee A., Magnussen R.A., Pedroza A.D., Flanigan D.C.: MOON group, Kaeding CC: Transtibial ACL femoral tunnel 
preparation increases odds of repeat ipsilateral knee surgery. J. Bone Joint Surg. Am. 2013, 95, 2035–2042. doi: 10.2106/
JBJS.M.00187.

[17]	 Tejwani S.G., Chen J., Funahashi T.T., Love R., Maletis G.B.: Revision risk after allograft anterior cruciate ligament recon-
struction: Association with graft processing techniques, patient characteristics, and graft type. Am. J. Sports Med. 2015, 43, 
2696–2705. doi: 10.1177/0363546515589168.



M. Patkowski, A. Królikowska, P. Reichert58

[18]	 Bedi A., Musahl V., Steuber V. et al.: Transtibial versus anteromedial portal reaming in anterior cruciate ligament recon-
struction: An anatomic and biomechanical evaluation of surgical technique. Arthroscopy 2011, 27, 380–390. doi: 10.1016/j.
arthro.2010.07.018. 

[19]	 Maletis G.B., Inacio M.C., Desmond J.L., Funahashi T.T.: Reconstruction of the anterior cruciate ligament: Association of 
graft choice with increased risk of early revision. Bone Joint J. 2013, 95-B, 623–628. doi: 10.1302/0301-620X.95B5.30872.

[20]	 West R.V., Harner C.D.: Graft selection in anterior cruciate ligament reconstruction. J. Am. Acad. Orthop. Surg. 2005, 13, 
197–207.

[21]	 Coleridge S.D., Amis A.A.: A comparison of five tibial-fixation systems in hamstring-graft anterior cruciate ligament re-
construction. Knee Surg. Sports Traumatol. Arthrosc. 2004, 12, 391–397.

[22]	 Kurosaka M., Yoshiya S., Andrish J.T.: A biomechanical comparison of different surgical techniques of graft fixation in an-
terior cruciate ligament reconstruction. Am. J. Sports Med. 1987, 15, 225–229.

[23]	 Lambert K.L.: Vascularized patellar tendon graft with rigid internal fixation for anterior cruciate ligament insufficiency. 
Clin. Orthop. Relat. Res. 1983, 85–89.

[24]	 Ambrose C.G., Clanton T.O.: Bioabsorbable implants: Review of clinical experience in orthopedic surgery. Ann. Biomed. 
Eng. 2004, 32, 171–177.

[25]	 Weiler A., Hoffmann R.F., Stähelin A.C., Helling H.J., Südkamp N.P.: Biodegradable implants in sports medicine: The 
biological base. Arthroscopy 2000, 16, 305–321.

[26]	 Cox C.L., Spindler K.P., Leonard JP, Morris BJ, Dunn WR, Reinke EK: Do newer-generation bioabsorbable screws be-
come incorporated into bone at two years after ACL reconstruction with patellar tendon graft?: A cohort study. J. Bone Joint 
Surg. Am. 2014, 96, 244–250. doi: 10.2106/JBJS.L.01652.

[27]	 Howell S.M., Taylor M.A.: Brace-free rehabilitation, with early return to activity, for knees reconstructed with a double-
looped semitendinosus and gracilis graft. J. Bone Joint Surg. Am. 1996, 78, 814–825.

[28]	 Howell S.M., Deutsch M.L.: Comparison of endoscopic and two-incision techniques for reconstructing a torn anterior cru-
ciate ligament using hamstring tendons. Arthroscopy 1999, 15, 594–606.

[29]	 Scannell B.P., Loeffler B.J., Hoenig M et al.: Biomechanical comparison of hamstring tendon fixation devices for anterior 
cruciate ligament reconstruction: Part 2. Four tibial devices. Am. J. Orthop. (Belle Mead NJ) 2015, 44, 82–85.

[30]	 Czamara A.: Functional benchmarking of rehabilitation outcomes following anterior cruciate ligament reconstruction. Or-
top. Traumatol. Rehabil. 2010, 12, 519–533.

Address for correspondence
Mateusz Patkowski
T. Marciniak Lower Silesian Specialist Hospital – Emergency Medicine Center
Department of Orthopedics and Traumatology Surgery
gen. A.E. Fieldorfa 2
54-049 Wrocław
Poland
E-mail: patex@poczta.onet.pl

Conflict of interest: None declared

Received: 19.08.2016
Revised: 23.08.2016
Accepted: 5.09.2016


	Title page/ Strona tytułowa

