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The effect of surgical treatment on voice quality in
Reinke’s edema: an evaluation with vocal performance
questionnaire and acoustic voice analysis
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Ses performans anketi ve akustik ses analizi ile degerlendirme
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Abstract

Objective: The aim of this study was to investigate the effect of surgical
treatment of Reinke’s edema on voice quality. The changes in voice qual-
ity caused by surgical treatment were evaluated by using voice perform-
ance questionnaire and acoustic voice analysis before and after surgery.

Methods: Vocal Performance Questionnaire and acoustic voice analy-
ses with the help of Dr. Speech (Drs Tiger Inc., Seattle, WA, USA) soft-
ware were performed preoperatively and at one month postoperatively
in 21 patients with Reinke’s edema who had received surgical therapy.

Results: Reinke’s edema was bilateral in all patients. According to the
results of vocal performance questionnaires and acoustic voice analyses,
the voice quality of patients improved significantly after surgery. At the
end of the six month follow-up, the recurrence was detected only in one
(4.7%) patient.

Conclusion: In patients with Reinke’s edema, the functional proper-
ties of vocal folds and the voice quality of patients can be successful-
ly improved by surgical treatment.

Key words: Reinke’s edema, surgical treatment, voice quality, ques-
tionnaire, voice analyses.

Reinke’s edema is one of the benign mucosal diseases of the
vocal cord, it develops as a result of the accumulation of
gelatinous edematous fluid in superficial lamina propria of
vocal folds (Reinke’s space). This fluid accumulates in this
region because of local impairment of lymphatic circulation
or vascular congestion and stasis secondary to damage of the

Ozet

Amac: Bu ¢alismada Reinke 6deminde cerrahi tedavinin ses kalitesi
tizerine etkisi aragturilmigtir. Cerrahi tedavinin ses kalitesinde meyda-
na getirdigi degisiklikler, hastalara cerrahi 6ncesi ve sonrasi ses per-
formans anketi ve akustik ses analizi uygulanarak degerlendirilmistir.

Yoéntem: Reinke 6demi olan ve cerrahi tedavi uygulanan 21 hastaya
ameliyat 6ncesi ve sonrasi 1. ayda ses performans anketi ve Dr. Spe-
ech (Drs Tiger Inc., Seattle, WA, ABD) bilgisayarli ses analiz progra-
mu kullanilarak akustik ses analizi yapilds.

Bulgular: Hastalarin tiimiinde Reinke 6demi bilateraldi. Ses perfor-
mans anketi ve ses analizi sonuglarina gore hastalarin ses kalitesinde
cerrahi tedavi sonrasi istatistiksel olarak anlamli derecede diizelme
saptandi. Alt aylik takip sonunda sadece 1 hastada (%4.7) niiks tespit
edildi.

Sonug: Reinke 6demli hastalarda vokal kordlarin fonksiyonel 6zellik-
leri ve hastanin ses kalitesi cerrahi tedavi ile basarili bir sekilde iyiles-
tirilebilmektedir.

Anahtar sozciikler: Reinke 6demi, cerrahi tedavi, ses kalitesi, anket,
ses analizi

vessel walls."” Reinke’s edema are more frequently seen in
women and often causes a coarse voice and hoarseness.
Among its etiological factors, smoking, alcohol consump-
tion, misuse of voice, chronic laryngitis, laryngopharyngeal
reflux, allergy, inadequate fluid intake and systemic diseases
like hypthyroidism can be enumerated.”
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In patients diagnosed at an early stage of the disease,
vocal hygiene and voice therapy can provide sufficient
improvement. However in patients where the size of the
vocal cord mass increased extremely or in vocal cords with
polypoid formations, surgery is the first-line therapy. As
seen in all other vocal cord surgeries, during surgical treat-
ment of Reinke’s edema, medial surface of the vocal cord
which is effective on phonation function of vocal cords,
should be preserved. After surgical treatment improvements
in voice qualities of the patients can be assessed by perform-
ance questionnaires and acoustic voice analysis."”

In this study, in patients with Reinke’s edema, voice per-
formance questionnaire surveys and acoustic voice analysis
were performed during pre- and postoperative periods in
order to analyze the changes in voice quality caused by sur-
gical treatment.

Materials and Methods
Study Group

"This study has a prospective design. Study group consisted
of 21 patients presented to our clinic between December
2007 and December 2010 with complaints of voice disor-
ders and initial diagnosis of Reinke’s edema involving both
cords. The patients had undergone surgical treatment
because they didn’t benefit from conservative and medical
therapies as voice therapy, vocal hygiene and proton pump
inhibitors. Patients with a past history of laryngeal surgery
were not included in the study. Approval of the ethics com-
mittee of our university was obtained for our study and
patients were informed about the study in writing.

Preoperative Evaluation

After routine otorhinolaryngeal examination of the patients,
the condition of the larynx was evaluated priorly with the
aid of fiberoptic endoscope, then videolaryngogastrobo-
scope (VLS). Digital VLS recordings were archived using
Scop View (Drs Tiger Inc., Seattle, WA, USA) computer
software. Patients were warned against improper vocal
hygiene and smoking and informed about potential risks
and outcomes of the vocal cord surgery.

Voice performance questionnaire: All the patients were
requested to complete 12- item Voice Performance
Questionnaire (VPQ) forms recommended by Carding"
and translated fully into Turkish. In this questionnaire
responses to each question were rated between 1 and 5
points so as to obtain total scores.

Acoustic voice analysis: Vocal Assessment part of the com-
puted voice analysis software (Dr. Speech, Drs Tiger Inc.,
Seattle, WA, USA) was used to perform acoustic voice analy-

sis. For voice analysis, the patients were requested to make
an /a/ sound for the duration of 3 seconds in a modal voice
20 cm away from an EM-616 Condenser brand microphone
and recordings were made at a sampling rate of 44,100
Hz/sec and 16 byte amplitude.

Surgical Technique

Surgical treatment of all patients was realized under gener-
al anesthesia and with the aid of a microscope. Similar to the
microflap technique recommended by Sataloff et al. for
benign vocal cord lesions, an incision was made 1-2 cm
away from anterior and posterior commissures and subep-
ithelial region was dissected to aspirate fluid accumulated in
the Reinke’s space.” Preserving vibratory part of the vocal
cord, redundant mucosa was resected and flap was placed on
the defect. In each patient, surgical procedure was applied
in the same session for both vocal cords. However because
of the risk of postoperative adhesion formation of between
vocal cords, bilateral mucosa resection was not performed
in the close vicinity of anterior commissure.

Postoperative Follow-up and Evaluation

On postoperative 5th day, measures to be taken to achieve
absolute voice rest and vocal hygiene were recommended.
At postoperative first month, voice performance tests and
acoustic voice analysis were reapplied in all patients. The
patients were followed up for 6 months with respect to the
presence of recurrences.

Statistical Evaluation

For the statistical analysis of parametric variables the
Statistical Package for Social Sciences 15.0 for Windows
(SPSS Inc., Chicago, IL, USA) was used. For variables with
normal distribution paired t test and for variables with non-
normal distribution Wilcoxon Signed Rank test were used.
p<0.05 was accepted as statistically significant.

Results

Our study population consisted of 12 (57.1%) female and 9
male (42.9%) patients. Median age of our patients was 48.04
(range 24 to 63) years. None of patients was professional
voice user and all of them were past or current smokers. All
the patients had bilateral Reinke’s edema.

Table 1. Results of the voice performance questionnaire survey.

Mean+ Standard deviation p
Preoperative 49.10+1.70
. = p<0.001
Postoperative 19.05+1.70
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Table 2a. Results of the acoustic voice analysis (1).

25 (%) Median (%) 75 (%) p
Jitter (%) Preoperative 19.50 32.00 54.50 p<0.01
Postoperative 13.00 19.00 26.00 '
Shimmer (%) Preoperative 2.50 3.50 4.75 p<0.01
Postoperative 1.50 2.50 3.20 '
Fo Tremor (Hz) Preoperative 1.50 2.00 4.10 p<0.01
Postoperative 1.00 1.25 1.65 '
Fo (mean Fo; Hz) Preoperative 117.00 153.00 218.00 p<0.01
Postoperative 168.00 197.08 250.57 '
Fundamental frequency change Preoperative 9.96 14.61 23.29 p<0.001
interval during habitual phonation Postoperative 5.14 9.32 13.40 '
(Max Fo - Min Fo; Hz)
Harsh voice Preoperatlye 0.50 2.00 2.00 p<0.001
Postoperative 0.00 0.00 0.00
Hoarse voice Preoperatiye 1.00 1.00 2.00 p<0.001
Postoperative 0.00 0.00 1.00
Breathy voice Preoperatiye 2.00 3.00 3.00 p<0.001
Postoperative 0.00 1.00 1.00

Results of the voice performance questionnaire surveys:
Based on the responses given to the items of the question-
naire, during the postoperative period, a statistically signifi-
cant decrease was detected in the voice complaints of the
patients (p<0.001) (Table 1).

Results of the acoustic voice analysis: Statistically significant
improvements were detected in all postoperative parameters

(p<0.001) (Tables 2 and 3).

Postoperative follow-up: During the postoperative period,
in none of the cases any web formation was detected on the
anterior commissure. At postoperative 6th month of the fol-
low-up period recurrence was observed in one (4.7%)
patient. It was learnt that this patient had started to smoke
again, while all of our remaining patients quitted smoking.

Discussion

In the surgical treatment of Reinke’s edema, drainage of
edema or fibrous exudates and in case of need excision of

Table 2b. Results of the acoustic voice analysis (II).

the redundant and sagging mucosa of the vocal cord using
endolaryngeal microsurgery under microscopic guidance
are recommended. Excision using conventional surgical
instruments can be mostly accomplished with microlaryn-
geal forceps, scissors and similar surgical instruments.
However literature studies related to application of laser
and microdebrider in the surgical management of Reinke’s
edema are also cited."” Due to scarcity of these studies,
information and outcomes about the success of microde-
brider use in the surgical treatment of Reinke’s edema are
far from being adequate.

Irrespective of the surgical technique used in the treat-
ment of Reinke’s edema, every meticulous care should be
exerted to preserve the integrity of medial aspect of the
vocal cord which affects the quality of phonation. To that
end, incision should be made on the upper surface of the
vocal cord and extended laterally and mucosa should be ele-
vated to aspirate edema or fibrous exudate with ease. In case

Meanzstandard deviation p
Habitual Fo Preoperative 9.74+4.38 p<0.01
Postoperative 6.26+3.96 ’
Normalized noise energy (dB) Preoperative 164.45+53.22 p<0.01
Postoperative 187.86+66.88 ’
HNR (dB) Preoperati\{e 17.90+4.33 p<0.001
Postoperative 23.79+3.86
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Table 3a. Statistical evaluations performed using parametres of Real Analysis Program (I).*

25 (%) Median (%) 75 (%) p

Percent of voiced time during Preoperative 90.06 99.00 100.00 p<0.01
habitual phonation Postoperative 100.00 100.00 100.00 '
(percent of voiced time, %)
Percent of voiceless time during Preoperative 0.00 0.81 9.27 p<0.01
habitual phonation Postoperative 0.00 0.00 0.00 ’
(percent of voiceless time; %)
Fundamental frequency change Preoperative 6.44 8.82 14.70 0>0.05
interval during habitual phonation Postoperative 4.82 7.00 4.86 ’
(Fo range; Hz)
Fundamental frequency change Preoperative 1.00 1.00 2.00 p>0.05
interval during habitual phonation Postoperative 0.00 1.00 1.00 ’
(Fo Range, semitone)
Percent of voiced time between the Preoperative 52.50 97.00 100.00

. . ) p<0.01
lowest and highest — pitched sounds Postoperative 95.50 100.00 100.00
recorded during phonation
(percent of voiced time; %)
Percent of voiceless time between the Preoperative 0.00 5.80 50.07

. . ) p<0.001
lowest and highest — pitched sounds Postoperative 0.00 0.00 7.25
that could be recorded during
phonation (percent of voiceless time; %)
Fundamental frequency change interval Preoperative 32.50 78.00 113.00 p<0.01
between the lowest and highest — Postoperative 75.50 111.00 156.00 ’

pitched sounds that could be recorded
during phonation (Fo Range; Hz)

*For comparisons Wilcoxon Signed Rank test was used.

of need, redundant mucosa should be resected. In cases
where mucosal layers should be preserved, epithelial inci-
sion only allows suction of the edematous fluid. During
incision of the vocal cord mucosa, anterior commissure
should be avoided. Otherwise, adhesions (web) might devel-
op on the anterior commissure which intensely impairs
voice quality during the postoperative period. Therefore, in
cases where bilateral mucosal resection is required in the
very close vicinity of anterior commissure, operation can be
performed in two sessions because of potential postopera-
tive web formation In our study, all operations were per-
formed under general anesthesia with the aid of a micro-
scope and using microflap technique described in detail in

the “Materials and Methods” section of our article. Surgical
procedure was performed for both vocal cords in a single
session in all patients However because of the risk of web
formation; bilateral mucosal incisions were not made in the
vicinity of anterior commissure. As a result, adhesions on
anterior commissure were not detected in any patient dur-
ing the postoperative period.

Treatment success in benign mucosal diseases of the
vocal cord as is the case in Reinke’s edema, can be evaluat-
ed with voice performance questionnaire surveys and/or
acoustic voice analysis. Voice performance questionnaire
forms are used to measure the effects and severity of voice
complaints on daily life activities. One of them is Voice

Table 3b. Statistical evaluations performed using parametres of Real Analysis Program (Il).*

Meanzstandard deviation p
Changes in fundamental Preoperative 7.10+4.88
. ) p>0.05
frequency between the highest Postoperative 9.52+4.47

and lowest voice pitches
(Fo Range; semitone)

*For comparisons paired samples statistics was used.
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Handicap Index (VHI) which was formulated by the
University of Pittsburgh Voice Center in 1997. Later on a
modified version of this questionnaire (VHI-10) was
advised and authors advocated easier application of this new
version.”” Carding recommended another voice perform-
ance questionnaire in 1998 (Voice Performance
Questionnaire [VPQ]) which consists of 12 items Deary et
al. investigated use of VPQ and VHI in 330 patients and
emphasized these scales can be applied in a short time with
due ease and safety.” In our study, Turkish version of VPI
was applied without any problem. According to the results
of our questionnaire, statistically significant improvements
were detected in voice complaints of our patients during the
postoperative period.

Acoustic voice analysis programs allow evaluation of
acoustic parametres of the voice using computer-assisted
software programs. Though these programs provide objec-
tive assessments, it can be affected by the type of voice
recording, distance between the patient and the micro-
phone, ambient noise and patient’s compliance."” In our
study, since all recordings for voice analysis were made in a
noiseless environment with the microphone held 20 cm
away from the patients, any procedural problem was not
encountered.

Though acoustic analyses reflect vocal cord dysfunc-
tions, they are not useful in the differential diagnosis of
pathologic conditions. Besides as cited above, they can be
preferred in the evaluation of the improvements achieved
with treatment of vocal cord diseases."” Fundamental fre-
quency (Fo) which is one of the voice parametres analyzed,
indicates number of glottic cycles occurring and it is the
most primitive voice frequency detected at the laryngeal
level. Harmonic voice is an integer multiple of the funda-
mental frequency, the remaining types of voice are evaluat-
ed as ‘noise.” Noise originates from incomplete closure of
vocal cords or their disordered vibrations. Harmonics-to-
noise ratio (HNR) correlates with dysphonia. In cases
where vocal cord mass increases, as in Reinke’s edema, val-
ues of fundamental frequency and HNR might decrease."*"

Perturbation measurements which reflect variations in
vocal cord vibrations (jitter and shimmer tests) evaluate
acoustic characteristics of the voice and they are used fre-
quently in voice analysis programs."” Lim et al. compared
pre- and postoperative values for fundamental frequency,
jitter, shimmer and HNR in 61 patients with Reinke’s
edema and detected increases in postoperative fundamental
frequency and HNR values and decreases in jitter and shim-
mer parameters.'” They indicated that fundamental fre-
quencies decrease with increasing severity of vocal cord

m Journal of Medical Updates

edema. Accordingly they advocated that HNR parameter is
more valuable in the evaluation of postoperative voice qual-
ity in patients with diffuse vocal cord edema. Honda et al.
compared pre- and postoperative fundamental frequency,
jitter and shimmer test results in 17 patients with Reinke’s
edema and detected a significant increase in postoperative
values of fundamental frequency and meaningful decrease
in jitter and shimmer test results.” Results of our study are
in accordance with these literature findings.

In audioperceptional evaluation of voice qualities of the
patients with Reinke’s edema, hoarseness, harshness and
breathiness are predominant characteristics. In the Vocal
Assessment program these characteristics can be analyzed in
mathematical terms. Some literature studies detected signif-
icant improvements in hoarseness and breathiness parame-
ters of the patients with Reinke’s edema after microlaryngo-
scopic surgery.”™"" Results of our study are also comparable.

Smoking lead the way among etiological factors for
Reinke’s edema and quitting smoking during or before the
treatment might favourably effect the treatment success.
Also in our study, all of our patients except one person quit-
ted smoking which might increase success rates of our sur-
gical treatment.

Conclusion

In conclusion when postoperative alterations in all parame-
ters analyzed were evaluated cumulatively, we think that if
in cases with Reinke’s edema, endolaryngeal microsurgery
is performed meticulously by a surgeon with a comprehen-
sive knowledge on vocal cord anatomy, functional capabili-
ties of vocal cord and voice quality can be recovered success-
fully. However patient’s pre- and postoperative compliance
to vocal hygiene measures will affect the success and out-
comes of surgery
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