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Abstract
Background. Short and long-term results of microsurgical treatment with the mini-microflap technique 
in patients with Reinke’s edema (RE) were assessed based on the phonatory and ventilatory functions 
of the larynx.

Objectives. To assess the short and long-term results of microsurgical treatment with the mini-microflap 
technique in patients with RE based on the phonatory and ventilatory functions of the larynx.

Material and methods. Twenty patients diagnosed with advanced stage of RE confirmed with laryngo
videostroboscopy (LVS) were enrolled in the study. Phonatory function disturbances were additionally assessed 
on the basis of Maximum Phonation Time (MPT) measurement, Voice Handicap Index (VHI) and Voice-Related 
Quality of Life (V-ROOL) questionnaires. Ventilatory function was assessed using spirometry. The aforemen-
tioned complex examinations were conducted prior to surgery and 1, 6 and 9 months following the surgery.

Results. Good postsurgical results were obtained in subjective and objective evaluation, which assessed 
the phonatory function and ventilatory parameters. Post-surgery increase in MPT, VHI and VQROL was noticed 
in all patients in 3 check points (p < 0.001). The results demonstrate postsurgical improvement for some 
LVS parameters, including assessment of glottis closure (p < 0.003) observed 6 months after the surgery. 
An improvement in most of the ventilation parameters was observed also 6 months after surgery (p < 0.001). 
For the spirometry flow parameter PEF, significant improvement was noted in each check point (p1 < 0.004, 
p6 < 0.001, p9 < 0.001). The study revealed a correlation between phonatory parameter – MPT and PEF 
observed 1 month after the procedure (p = 0.026), confirming the interdependence of ventilatory efficiency 
and phonatory condition of larynx.

Conclusions. Mini-microflap surgery brings satisfactory clinical effect in patients with advanced stages 
of RE by optimization of phonatory and ventilatory functions of the larynx.
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Introduction

Reinke’s edema (RE) belongs to a group of benign masses 
of vocal folds (BVFM) deteriorating both phonatory and ven-
tilatory function of the larynx.1–3 Precisely, RE is classified 
as a disease of the lamina propria, and as its name indicates, 
superficial lamina propria, also referred to as Reinke’s space 
of the vocal fold layer, is affected by this disorder.4 Reinke’s 
edema constitutes about 6–10% of all non-malignant pa-
thologies within the glottis and is most commonly observed 
in middle-aged women.5,6 Longlasting smoking has been 
found to be the most important risk factor in the etiopatho-
genesis of RE.1,7 Four clinical stages can be distinguished, 
depending both on the extent of lesions on vocal folds and 
on glottis area narrowing caused by swollen folds.8 One 
of the first symptoms of RE are voice disorders, most fre-
quently manifesting themselves as persistent hoarseness and 
a lower than normal pitch, deteriorating the quality of voice, 
especially in women.9–11 In more advanced stages of RE, due 
to the narrowing of the glottis area, ventilatory capacity can 
also be compromised, which is typically observed as gradu-
ally aggravating respiratory problems.12 In the case of large, 
bilateral RE, stridor can be noticed, caused by chronic edem-
atous hypertrophy of vocal folds obstructing the glottis, 
especially its posterior part responsible for the respiratory 
function of larynx.13 Diagnosis of RE is made during a rou-
tine laryngological examination, although instrumental 
evaluation of the larynx by means of laryngovideostrobos-
copy is a valuable contribution in the diagnostic procedure.14

The management depends on the stage of the disease. 
At the 1st and 2nd clinical stages of RE conservative treat-
ment is usually effective.4 Microsurgery is the first treat-
ment of choice at the 3rd and 4th stages because of the po-
tential ventilatory function disorders. The previously used 
decortication technique (stripping)15,16 was unsatisfactory 
both for the surgeon and the patient because of the poor 
post-surgery quality of the voice.12,15–17 For this reason, 
the mini-microflap technique has become a more fre-
quently used method in phonosurgical treatment of RE 
as a  technique widening the ventilatory area of glottis 
and, at the same time, saving the phonatory function of 
the larynx.18–21

When reviewing the available literature, the authors did 
not find any studies that evaluated the effects of the com-
plex microsurgical treatment of RE, including those that 
monitored both phonatory and respiratory functions 
simultaneously. The aim of the study was to compara-
tively assess the abovementioned functions of the larynx 
in  patients with RE who underwent mini-microflap 
phonosurgery.

Material and methods

The prospective study was carried out in 20 patients with 
advanced RE. The patients were qualified for phonosurgery 

on the basis of laryngological examination complemented 
with instrumental examination – laryngovideostrobos-
copy (LVS). Additionally, the assessment of the phonatory 
and ventilatory function of the larynx was performed be-
fore and after the surgery according to a scheme described 
below. The examinations after operation were conducted 
in 3 check points: at short-term (1 month) and long-term 
periods (6 and 9 months after the surgery).

The mini-microflap technique

The  applied surgical mini-microflap technique was 
intended to both decrease the mass of  the vocal folds 
and broaden the glottis, as well as to maintain layered, 
functional composition of  the vocal fold. All patients 
underwent laryngeal microsurgery under general anes-
thesia. The mini-microflap technique was applied in all 
cases as a one-step procedure. It is based on performing 
an incision of the upper edge of the vocal fold without 
affecting its middle part. The surgery was performed with 
the Kleinsasser set. The Reinke’s space was opened along 
the superior surface of the vocal fold near the ventricle, 
saving the anterior commissure. Subepithelial layer was 
dissected to aspirate fluid accumulated in the Reinke’s 
space. The mucous, dense content of Reinke’s space was 
sucked out and the excess mucosa was removed mini-
mally as necessary. The surgical site was covered with 
a tissue layer to form a strong bond and to hold the tis-
sue in place to facilitate healing. Tissue glue was applied 
when necessary.2,4,5,7,13 All the patients were hospitalized 
for 1 day after the surgery. The patients were instructed 
to follow 1 week of complete vocal rest, so as not to trau-
matize vocal folds and were advised to respect vocal hy-
giene rules, with particular emphasis put on the absolute 
necessity of smoking cessation. They were also informed 
about the terms of postoperative care and examinations 
scheduled in 3 check points according to the scheme de-
scribed below.

Evaluation of the phonatory function

The evaluation of the phonatory function was carried out 
using objective and subjective methods. The instrumental 
methods of voice assessment included the following:

–  Laryngovideostroboscopy (LVS), in which the fol-
lowing parameters were examined: the quality of mucosal 
wave, regularity of vocal fold vibration, amplitude of vocal 
fold vibration, and the configuration of glottal closure. 
Each stroboscopic parameter was rated on a 0–2 scale, 
where 0 – normal, 1 – limited dysfunction, 2 – severe 
dysfunction, e.g., absence of mucosal wave or  inability 
of assessment.

–  Measurement of  the  Maximum Phonation Time 
(MPT), which is an objective and noninvasive measure-
ment of aerodynamic parameter of the phonatory func-
tion of  the  larynx. To measure MPT, the subject was 
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asked to phonate a sustained /a:/ vowel at a comfortable 
pitch and loudness as  long as possible during a single 
exhalation.

The subjective assessment of voice included:
–  Voice Handicap Index (VHI) questionnaire – both 

its total value (VHI-T) and the values of each subscale, 
i.e., the functional state (VHI– F), physical state (VHI-P) 
and emotional state (VHI-E), were assessed. Total scores 
of VHI range from 0 to 120, with 120 indicating the most 
severe vocal dysfunction.

–  Voice-Related Quality of Life (V-RQOL) survey is 
a 10-point self-rating scale, which is more focused on the 
quality of life than on a handicap itself. A higher V-RQOL 
score points to a better V-ROOL reported by patients.

Assessment of ventilatory function

The ventilatory performance was assessed in an ob-
jective way using spirometry. The following respiratory 
parameters were taken into account: Forced Vital Capac-
ity (FVC), Forced Expiratory Volume in the first second 
(FEV1), Maximum Expiratory Flow (MEF 25, 50, 75), Peak 
Expiratory Flow (PEF), Tiffeneau index (FEV1/FVC), and 
Forced Expiratory Flow (FEV 25, 50, 75).22

Statistical analysis

IBM SPSS Statistics v.  24 software (IBM Corp., Ar-
monk, USA) was used to analyze the obtained results. 
All the parameters were statistically described and re-
ferred to the measures of central tendency and dispersion. 
Spearman’s rank correlation coefficient (Spearman’s rho) 
was used to identify a correlation among aggregated co-
efficients. Statistical significance of the treatment effects 
was verified with the Wilcoxon test. The value of p < 0.05 
proved that there were significant differences in the data: 
p1 –before surgery compared to 1 month after the sur-
gery, p6 – before compared to 6 months after the sur-
gery, p9 – before compared to 9 months after the surgery. 
The key results of the analytical process are presented 
in box-whisker plots.

Results

Demographical data  
and clinical presentation

The study included 31 subjects operated on in the Clini-
cal Department of Otorhinolaryngology (Katowice, Poland). 
The final study group included 20 patients who completed 
a full cycle of post-surgery check-ups in 3 time check points: 1, 
6 and 9 months after the surgery. There were 16 women (80%) 
and 4 men (20%) in the study group. Mean age was 53.2 years. 
Depending on the clinical advancement of RE, the patients 
were divided into a group of 3rd clinical advancement stage 
according to Bart (15 subjects) and 4th clinical advancement 
stage (5 subjects). In subjects with RE stage 4, the main reason 
for reporting for surgery was dyspnea and in subjects with RE 
stage 3 (Fig. 1), the main symptoms were breathing disorders, 
hoarseness of voice and lowering of voice in women.

All the examined patients were active smokers. They 
were physical workers with no occupational vocal loading. 
The patients were qualified for mini-microflap surgery 
after preliminary examination including laryngological 
examination with LVS and assessment of phonatory and 
ventilatory function.

Comparison of pre- and post-surgery 
assessment of the phonatory function

Most of the results of the objective and subjective evalu-
ation of the phonatory function indicated post-surgery 
improvement in comparison to the pre-surgery values. 
In the analysis of the results of LVS, which is the gold stan-
dard of imaging examinations of the function of the lar-
ynx, the improvement of the phonatory function was ob-
served in the 6th month after the surgery, with an increase 
in the trend lasting up until the 9th month after the surgery. 
These results concerned all the assessed parameters in LVS: 
regularity of vocal fold vibration (p6 < 0.014, p9 < 0.001), 
amplitude of vocal fold vibration (p6 < 0.004, p9 < 0.001), 
the presence of mucosal wave (p6 < 0.001, p9 < 0.001), and 
the configuration of glottal closure (p6 < 0.003, p9 < 0.001).

Fig. 1. Image 
of larynx in laryngo­
videostroboscopy 
of a patient with 
Reinke’s edema 
stage 3  
A – before surgery; 
B – 9 months after 
mini-microflap 
surgery

A B
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The study also indicated an improvement in the MPT, 
which is an objective aerodynamic indicator of the respi-
ratory performance during phonation. Postsurgical in-
crease in MPT was noticed in all patients. The research 
demonstrated a  statistically significant improvement 
in the aerodynamic parameter (MPT) already 1 month af-
ter the surgery, with the rising trend persisting in the long-
term observation. On  average, there was an  increase 
of 3.72 s during the 1-month observation after the surgery 
(p1 < 0.001), 4.79 s in the 6-month observation (p6 < 0.001) 
and 7.88 s in the 9-month observation (p9 < 0.001) (Fig. 2).

A self-assessment of  the  voice by  means of  VHI 
and V-RQOL revealed the  post-surgery improvement 
of  the  voice from the  patient’s point of  view. The  to-
tal score of the Voice Handicap Index (VHI-T) dropped 
in all the patients, giving an average decrease of 26 points 
in 1 month (p1 < 0.001), 34 points in 6 months (p6 < 0.001) 
and 47 points in 9 months (p9 < 0.001) after the surgery 
(Fig. 3). Analogically, significant improvement concerned 
all the subscales of the VHI: physical – VHI-P, emotional 
– VHI-E and functional: – VHI-F, with p1 < 0.001 sig-
nificance. Improvement in V-ROOL scores was observed 
in 18 patients in 9 month, after the procedure. V-RQOL 
values increased moderately after the  surgery by  8 
(p1 < 0.001), 10 (p6 < 0.001) and 13 points (p9 < 0.001) 
in 1, 6 and 9 months, respectively (Fig. 4).

Comparison of pre- and post-surgery 
assessment of the ventilatory function

In the assessment of the ventilatory function, the most sig-
nificant changes were noticed in the majority of patients af-
ter the surgery for the following parameters: Peak Expiratory 
Flow (PEF), Maximum Expiratory Flow (MEF 25% and 75%) 
and Forced Expiratory Flow (FEF 25% and 75%). The im-
provement in some ventilatory parameters was observed 

already 1 month after the surgery. The improvement con-
cerned the following parameters: PEF (p1 = 0.001), Forced 
Expiratory Volume in the first second (FEV1) (p1 = 0.024), 
Maximum Expiratory Flow MEF 25% (p1 = 0.025) and MEF 
75% (p1 = 0.002), and FEF 75% (p1 = 0.025).

In the assessment of the ventilatory function, a signifi-
cant improvement was observed for most ventilatory pa-
rameters 9 months after the surgery: PEF (p9 < 0.001), FEV1 
(p9 = 0.024), MEF 25% (p9 < 0.001), MEF 75% (p9 < 0.001), 
FEF 25% (p9 < 0.001), and FEF75% (p9 < 0.001). It should be 
underlined that the value of PEF parameter, which is de-
scribed in literature as an important parameter monitor-
ing the effectiveness of procedures widening the glottis, 
increased significantly already in the first month post-
surgery. The increase persisted in 6 and 9 months post-
surgery (p6 < 0.001, p9 < 0.001) (Fig. 5).

Fig. 4. The comparison of Voice-Related Quality of Life before and 1, 6 
and 9 months after mini-microflap surgery
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Fig. 3. The comparison of Voice Handicap Index Total before and after 1, 6 
and 9 months after mini-microflap surgery

Fig. 2. The comparison of Maximum Phonation Time before and 1, 6 
and 9 months after mini-microflap surgery
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Correlations between the parameters 
of phonatory and ventilatory function

Analyzing the  relation between the  objective and 
subjective parameters assessing the  phonatory func-
tion of  larynx, the  most significant correlation was 
observed 9 months after surgery for aerodynamic pa-
rameter MPT and Physical subscale of Voice Handicap 
Index (VHI-P): r = –0.449, p = 0.047 (Fig. 6). Analogi-
cally, the study showed a correlation between MPT and 
V-ROOL 6 months after surgery (r = –0.511, p6 < 0.05) 
(Fig. 7). The longer MPT indicated that the patient ex-
perienced less difficulty in the physical aspect of voice 
projection. Analyzing the values of the phonation and 
ventilation indexes, we found the correlation between 
the MPT and PEF parameter in 1 month after the surgery, 
giving a statistically significant result of p = 0.026 (Fig. 8). 
The results indicate that conducting the mini-microflap 
technique in the 3rd or 4th stage of RE broadens the glottal 
area, increases MPT and decreases the PEF index, thus 
improving the respiratory efficiency of the glottis.

Discussion

An  important aspect in  the  surgical management 
of BVFM, including RE, is the preservation of the sur-
rounding normal tissue with as little disruption as possible; 
this is crucial to ensure optimal laryngeal functions post-
operatively. It is advisable for surgeons operating on BVFM 
to use microsurgery techniques in order to prevent vocal 
fold damage and to preserve voice production. For this 
reason, the mini-microflap technique has become a more 
frequently used for the treatment of RE, as the functional 
structure of the vocal folds is maintained by preserving 
their epithelium intact, especially at the vibrating margin.23

The study presented the postoperative results in patients 
with advanced stages (3rd and 4th) of RE who underwent 
mini-microflap surgery. Patients with obstructive RE suf-
fer from deterioration in their overall quality of life due 
to progressive voice change and respiratory symptoms.24 
Therefore, the examination involved a complex (objective 
and subjective) assessment of voice and spirometry, which 
were performed prior to surgery and 1, 6 and 9 months 
postoperatively.

The results of the study demonstrated postoperative 
improvement in both phonatory and ventilatory function. 

Fig. 8. Correlation between Maximum Phonation Time and Peak 
Expiratory Flow

Fig. 7. Correlation between Maximum Phonation Time and Voice-Related 
Quality of Life

Fig. 6. Correlation between Maximum Phonation Time and Voice 
Handicap Index-P – physical scale

Fig. 5. The comparison of Peak Expiratory Flow before and after 1, 6 
and 9 months after mini-microflap surgery
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Our research indicates objective improvement of voice 
function evaluated by means the LVS examination, which 
still remains a gold standard in the diagnosis of laryngeal 
pathology.18,19 The significant improvement of LVS pa-
rameters was observed after 6 and 9 months after the sur-
gery, particularly those indicating improvement of glottal 
closure (p6 = 0.003, p9 < 0.001). These good long-term 
postsurgical results were also observed for the other as-
sessed parameters in LVS, e.g., regularity of vocal fold 
vibration (p6 = 0.014, p9 < 0.001), and amplitude of vo-
cal fold vibration (p6 = 0.004, p9 < 0.001). Furthermore, 
the research demonstrated a statistically significant im-
provement of the aerodynamic parameter (MPT) already 
1 month after the surgery, with the rising trend persisting 
in the long-term observation (p < 0.001). The study con-
firmed the results of Lim et al., who, in a study concerning 
23 patients with RE treated by means of mini micro-flap 
technique, reported an improvement in MPT 2 months 
after surgery.24 These observations are of clinical value, 
given that considerable changes in the Reinke’s area of 
the  vocal fold affect the  time of  vocal fold vibration, 
shortening it, which in turn decreases the effectiveness 
of the expiration during phonation. Maximum Phonation 
Time, as an aerodynamic parameter, is an important ele-
ment of the vocal function assessment, which indicates 
phonatory inefficiency of the larynx and respiratory-pho-
natory coordination disorder.

Given that recently an  important role has been at-
tached to the quality of  life, the results of self-assess-
ment of quality of voice were an important contribution 
to the study. The analysis of postsurgical results shows 
improvement of the VHI and V-ROOL in all time inter-
vals – 1, 6 and 9 months after the mini-microflap sur-
gery (p < 0.001). These results are in line with the study 
concerning subjects with RE presented by Bassel et al. 
on  the VHI-10 questionnaire 9 months after the  sur-
gery25 and Soner on the Voice Performance Questionnaire 
(VPQ) 6 months after the surgery.23 These observations, 
which are in accordance with our research, demonstrate 
that applying the  mini micro-flap surgery technique 
in RE patients results in improvement of vibratory func-
tion of vocal folds, making them thinner and more suit-
able for vibratory maneuvers, which, in turn improves 
voice quality after the surgery.

In the assessment of ventilatory function, a significant 
improvement was observed for most ventilatory parame
ters 9 months after the surgery: PEF (p9 < 0.001), FEV1 
(p9 = 0.024), MEF 25% (p9 < 0.001), MEF 75% (p9 < 0.001), 
FEF 25% (p9 < 0.001), FEF 75% (p9 < 0.001). It should be 
underlined that the value of PEF parameter, which is de-
scribed in the literature as an important parameter moni-
toring the effectiveness of procedures widening the glottis, 
increased significantly already in the first month after 
the surgery. The  increase persisted in 6 and 9 months 

after the surgery (p6 < 0.001, p9 < 0.001). The results were 
in agreement with the studies of other authors, confirm-
ing the improvement of airflow stability and effectiveness 
of respiration after mini-microflap surgery.26–30

This research is the first Polish study showing a compara-
tive analysis of the phonatory and ventilatory function after 
phonosurgery in patients with RE. A correlation between 
the MPT-aerodynamic phonatory parameter and the PEF 
parameter found 1 month after the procedure (p = 0.026) 
may prove that reducing the mass of the vocal folds with 
mini-microflap surgery and widening of the glottis area 
improves the conditions of phonation.

Moreover, the satisfactory long-term post-surgery re-
sults of phonatory parameters assessed by means of LVS 
and voice self-assessment questionnaires revealed that 
the main goal of phonosurgery technique, i.e., maintain-
ing the layered, functional composition of the vocal fold, 
was fulfilled.

It should be emphasized that our research has shown 
a postoperative improvement in the phonatory and ven-
tilatory function of patients with RE, which persists for 
9 months after the surgery for most of the examined param-
eters. The available literature on the subject presents the re-
sults of the mini-microflap surgery either 2 or 6 months 
after the surgery.23,24 Our study indicates that, in order 
to obtain adequate postoperative results after surgical in-
tervention, it is crucial to provide long-term postoperative 
management, including vocal hygiene guidance. Therefore, 
the progress of the patient after phonosurgery must be 
monitored with a re-examination by means of subjective 
and objective methods not only in short-term (1 month), 
but also in long-term intervals (e.g., 6 and 9 months).

Conclusions

The study indicates that treatment with the mini-mi-
croflap technique in patients with advanced RE (3rd and 
4th stage) decreases the mass of the vocal folds and widens 
the glottis, thereby improving the aerodynamic condi-
tions of phonation. Moreover, the study confirmed that 
the abovementioned microsurgery technique improves 
the quality of phonatory movements of the vocal folds, 
as it maintains their layered, functional structure. The ap-
plied instrumental and subjective methods of voice assess-
ment enhanced the patients’ overall well-being, including 
their V-ROOL.
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