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Temporalis Fascia Transplant for Vocal Fold Scar and Sulcus Vocalis

Michael J. Pitman, MD; Shaina M. Rubino, BA; Amy L. Cooper, MS, CCC-SLP

Objectives/Hypothesis: To evaluate vocal outcomes in 10 patients 1 year after autologous transplantation of temporalis
fascia into Reinke’s space (ATFV) for vocal fold scar and sulcus vocalis.

Study Design: Retrospective, clinical case series.
Methods: Subjective and objective evaluation was performed 12 months after surgery using laryngovideostroboscopy

(LVS) in all patients, the Voice Handicap Index-10 (VHI-10) in seven patients, GRBAS (grade, roughness, breathiness, asthenia,
strain) scale in nine patients, and noise-to-harmonics ratio (NHR), phonatory range (PR) and maximum phonation time
(MPT) in six patients.

Results: LVS improved in all but one patient. A significant decrease was noted in the GRBAS subscales grade, roughness,
asthenia, and strain (P<.05). Breathiness was almost significant, with a P value of .052. There was an average decrease in
the VHI-10 of 8.14 (P5.032). NHR, MPT, and PR did not statistically improve.

Conclusions: ATFV for vocal fold scar and sulcus vocalis results in significant subjective vocal improvement that persists
at least 1 year after surgery.
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INTRODUCTION
Vocal fold scarring and sulcus vocalis result in sig-

nificant dysphonia.1 In such pathology the mucosa is
deficient or disorganized.2–5 As a result the mucosa is
stiffened, inhibiting normal vocal fold vibration and pho-
nation.2,6,7 Much basic science and clinical research has
been devoted to developing a successful therapy for this
disorder. Despite this, an optimal treatment unfortu-
nately does not exist. Conservative treatments, such as
voice therapy and vocal fold injection augmentation, pro-
duce inconsistent and generally unsatisfactory results.5,8

Multiple surgical techniques have been employed in the
treatment of vocal fold scar.7,9–14 The shear plethora of
options is a testament to the challenge of this disorder
and the absence of an optimal therapy. Though many of
the techniques originally held promise, none withstood
the test of time, as consistently good results have not
been reproducible. In 2000, the autologous temporalis
fascia transplant (ATFV) into Reinke’s space was intro-
duced as a new surgical option.15 The same group

reported good results with minimal complications in 10
patients after long-term follow-up.16 Since this original
description of the procedure, only one other study specif-
ically evaluated the results of ATFV.17 This study evi-
denced significant improvement in all 15 patients. ATFV
is mentioned in three other reports, which are con-
founded by the inclusion of only two or three patients or
the performance of ATFV in addition to vocal fold
augmentation.10,18,19

Although the research of both Tsunoda and Pinto
show promise for the use of ATFV, both investigations
have deficiencies. Tsunoda included only maximum pho-
nation time and stroboscopy findings as outcome meas-
ures.16 Pinto included only subjective voice outcomes
using an unrecognized linear grading scale of 1 to 5.17

Considering the lack of an optimal treatment for vocal
fold scar and sulcus vocalis, the promise of ATFV, the
paucity of research on ATFV, and the shortcomings of
previous investigations, we determined the need for the
current study. The specific aim of this investigation was
to conduct a retrospective study of the efficacy of ATFV
1 year after its employment in surgery for vocal fold
scar and sulcus vocalis using accepted subjective and
objective outcome measures of laryngeal function, vocal
quality, and voice handicap.

MATERIALS AND METHODS
This study is a retrospective review of patients who were

treated with ATFV into Reinke’s space for dysphonia secondary
to sulcus vocalis or vocal fold scar. The study was approved by
the institutional review board of the New York Eye and Ear
Infirmary. Diagnosis was assumed during laryngovideostrobo-
scopy (LVS), suggested by a combination of spindle glottal gap,
vibratory edge furrows, or impaired mucosal wave. All patients
were treated with voice therapy preoperatively. Two patients
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had a temporary micronized Alloderm injection a minimum of 3
months prior to surgery. Neither management resulted in
acceptable vocal improvement, and patients were deemed candi-
dates for ATFV; informed consent was obtained. The diagnosis
was confirmed by adherence of the epithelium to the vocal liga-
ment without elevation in response to subepithelial infusion
during direct laryngoscopy. The abnormality was classified as
sulcus vocalis as defined by Ford et al.7 It was classified as scar
if the cover was sclerotic but inconsistent with the strict defini-
tion of a sulcus (Table I). All patients who underwent the proce-
dure at the New York Eye and Ear Infirmary and had at least 1
year of follow-up were included in the study. All surgeries were
performed by the senior author (M.P.) between November 2009
and August 2012. Surgeries were performed as unilateral or
bilateral as dictated by pathology, in the fashion described by
Tsunoda et al.16 On the third patient, a partial herniation of the
graft was noted despite suture closure of the incision. This
resulted in the only modification of the surgical procedure, with
placement of fibrin glue over the incision in addition to suturing
the incision closed. All patients subsequent to this had the fibrin
glue applied. Postoperative physician visits occurred at 5 days, 1

month, 3 months, 6 months, and 12 months following the proce-
dure. Patients underwent 4 to 6 weekly sessions of postoperative
voice therapy. LVS, laryngeal function testing, Voice Handicap
Index-10 (VHI-10), and the GRBAS (grade, roughness, breathi-
ness, asthenia, strain) rating were performed within 1 month
prior to surgery and 12 months postoperatively.20,21

Of the 10 patients included in the study, voice samples
were collected preoperatively and 12 months postoperatively in
nine patients. The samples were coded, randomly ordered, and
graded blindly using the GRBAS scale by two reviewers, a lar-
yngologist (M.J.P.) and speech language pathologist (A.L.C.). Each
sample was graded twice by each individual on a scale of 0 to 3,
0 being normal and 3 indicating severe dysfunction. The indi-
vidual scores given by the two reviewers for each category of
assessment (grade, roughness, breathiness, asthenia, and
strain) were averaged and recorded as the five GRBAS subscale
values for a given voice sample (Table II). The average preoper-
ative and 1-year values for each subscale across all the patients
were compared using a paired t test. Due to the small sample
size, prior to using the t test throughout this investigation,
Kolmogorov-Smirnov and Shapiro-Wilk tests of normality were
performed to confirm that none of the variables departed signif-
icantly from normality. Mauchly’s test demonstrated there was
not a statistically significant departure from sphericity. A
repeated measures analysis of variance was then used to con-
firm that within subjects there was no significant difference
between the GRBAS variables.

VHI-10 questionnaires were collected preoperatively and
12 months postoperatively in seven patients (Table II). The
questionnaires were filled out by the patients immediately prior
to their scheduled medical evaluation. The average preoperative
VHI-10 was compared using a paired t test to the average post-
operative VHI-10.

Noise-to-harmonics ratio (NHR), phonatory range (PR),
and maximum phonation time (MPT) were assessed preopera-
tively and 12 months postoperatively in six patients (Table III).
Microphone and electroglottography (EGG) recordings were
obtained for a series of vocal tasks. Participants wore an AKG
model C555L microphone (AKG Acoustics GmbH, Vienna, Aus-
tria) at a distance of 3 cm from the commissure of the lips dur-
ing all tasks. The EGG signal was monitored on an oscilloscope
to assess signal quality. Segments of data chosen for analysis
were selected based on visual inspection. The data were col-
lected using Computerized Speech Laboratory, Multi-

TABLE I.
List of the Vocal Fold Abnormalities for Each Patient.

Patient Diagnosis

A Type 2 sulcus vocalis, bilateral

B Type 2 sulcus vocalis, bilateral

C Type 2 sulcus vocalis, bilateral

D Vocal fold scar, bilateral

E Vocal fold scar, bilateral

F Type 2 sulcus vocalis, bilateral

G Type 2 sulcus vocalis, bilateral

H Type 2 sulcus vocalis, bilateral

I Type 2 sulcus vocalis, right

J Type 2 sulcus vocalis, bilateral

Type of sulcus was recorded as per the strict definition by Ford
et al.7 Scar was defined as a sclerotic disturbance of the vocal fold cover
inconsistent with sulcus but demonstrating adherence of the epithelium to
the vocal ligament without elevation in response to subepithelial infusion
during direct laryngoscopy.

TABLE II.
Subjective Voice Evaluation.

G R B A S VHI-10

Patient Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post

A 1.5 1 1 1.5 1.25 0.5 1.75 0.5 1.75 1 NP NP

B 2.75 2.5 2.75 2.5 1.5 2 1.5 1 2 2 28 1

C 1.5 0.5 1.25 0.5 1 0 1.5 0 1.25 0 15 9

D 2 1 1.75 0.5 1.5 1 1.25 1 1.75 1 25 17

E 3 1 3 1.25 1.75 0.5 1.75 1 2.5 0.75 31 29

F 2.25 2 2.5 2 1.5 1 1.5 0.5 2 1.5 16 NP

G 1 NP 1.25 NP 0.75 NP 0.75 NP 0.75 NP 35 NP

H 2.25 1 1.25 1 1.25 0.5 1.25 0.5 1.75 1 19 7

I 1.25 1.5 1.5 1.5 0.75 1 1 1 0.5 1 22 17

J 2.5 2 2 1.5 2 2 2.5 2 3 1.5 27 30

Preoperative (Pre) and 12-month postoperative (Post) GRBAS and VHI. GRBAS scores were provided by two evaluators for each subject. These scores
were averaged to determine each final subscale score.

GRABAS 5 grade, roughness, breathiness, asthenia, strain; NP 5 not performed; VHI 5 Voice Handicap Index-10.
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Dimensional Voice Program Model 5105 (KayPENTAX, Mon-
tvale, NJ). The average preoperative and postoperative values
for each test were compared using a paired t test.

The videos of LVS performed preoperatively and 12
months postoperatively were reviewed by MP. The presence of a
mucosal wave was evaluated and scored: 0 5 absent, 1 5 present
but reduced, and 2 5 normal. The glottal gap was characterized
using standard nomenclature.

RESULTS
NHR, PR, and MPT included a small sample and

did not show statistically significant change (Table IV).
There was an average decrease in the VHI-10 of

8.14 (P 5.032) (Table V). Closer evaluation of the change
in VHI-10 per patient revealed improvement in six of
the seven patients who completed a preoperative and 12-
month postoperative VHI-10 (Fig. 1).

Subjective professional voice assessment using the
GRBAS scale evidenced a mean decrease of 0.633 after
the five GRBAS values were grouped into a single
GRBAS average variable (P 5.005). A significant
decrease was noted in the individual subscales grade,
roughness, asthenia, and strain (P<.05). Breathiness
neared significance with a P value of .052 (Table V).

All but one patient had bilateral grafting per-
formed. As a result, 19 vocal folds were treated (Table

VI). Sixteen of 19 vocals folds demonstrated an improve-
ment in mucosal wave. Seven postoperative vocal folds
displayed a normal mucosal wave, whereas the other
nine had a wave that was present but reduced from nor-
mal. Preoperatively, only one vocal fold had displayed a
mucosal wave (patient J). In this patient, despite the
preoperative LVS findings, a sulcus was noted on subepi-
thelial infusion during surgery, and a decision was made
to place a graft in this vocal fold as well. Glottal closure
improved in nine of 10 patients. The closure for patient
F was unchanged. Although patient G displayed a spin-
dle gap pre- and postoperatively, the gap was signifi-
cantly smaller postoperatively.

All procedures were performed without intraopera-
tive complication. One patient appeared to have a par-
tial postoperative extrusion of the graft with a resultant
granuloma 1 week after surgery. This resolved by 8
weeks.

DISCUSSION
Vocal fold scar and sulcus vocalis are characterized

by fibrosis and disorganization of the mucosa.2–4 This
results in a stiff vocal fold with dysphonia, poor mucosal
vibration, incomplete glottal closure, and significant
vocal handicap.1,2,6 The resultant voice is often charac-
terized as hoarse, asthenic, with vocal strain, fatigue,
and decreased projection.6,7 Voice therapy is generally
unsuccessful, as it does not address the anatomic abnor-
malities of the vocal folds.5 Surgical treatment of these
disorders is extremely difficult and results are variable.
Procedures generally address either the glottal insuffi-
ciency or the stiff vocal fold cover. To address the glottal
insufficiency, vocal fold medialization via type-1 laryngo-
plasty or injection augmentation have been employed.
Excision of the sulcus or scar, mucosal slicing technique,
undermining and release of scar, injection of steroids,
photoangiolytic laser treatment, and fat implantation
into Reinke’s space are used to address the poor vocal
fold vibration.9,11–14,22,23 Unfortunately, the vocal
improvement is marginal and inconsistent.8–10 Due to
the inconsistent and often unsatisfactory results, investi-
gation for alternative surgical methods was performed
and revealed the ATFV as described by Tsunoda et al. in
2000 and their long-term follow-up results in 2005.15,16

Though they had performed 30 such cases by 2005, they
reported on 10 patients who had follow-up of at least 3

TABLE III.
Objective Voice Evaluation.

Patient

Maximum
Phonation Time

Phonatory
Range

Noise/Harmonic
Ratio

Pre Post Pre Post Pre Post

A 10 12.5 10 8 0.12 0.11

B 7 10 31 14 0.2 0.12

C 10.2 18 18 15 0.14 0.14

D 5 14 16 13 0.29 0.15

E NP 7 NP 11 NP 0.2

F NP NP NP NP NP NP

G 13 NP NP NP 0.12 NP

H 13.8 15 9 26 0.122 0.13

I NP 4.7 NP NP NP 0.1

J 10.7 5.2 26 24 0.129 0.2

Preoperative (Pre) and postoperative (Post) testing complete for six
patients.

NP 5 not performed.

TABLE IV.
Statistical Evaluation of Objective Voice Evaluations.

Paired Differences

Significance
(2-Tailed)Mean Standard Deviation

Standard Error
of the Mean

95% Confidence Interval
of the Difference

Lower Upper

NHRpost-NHRpre 20.02517 0.07403 0.03022 20.10286 0.05253 .443

Prpost-Prpre 21.66667 10.83820 4.42468 213.04066 9.70733 .722

MPTpost-MPTpre 3.00000 5.19192 2.11959 22.44858 8.44858 .216

Preoperative (pre) and 12-month postoperative (post) values for laryngeal function measures in six patients.
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years. The surgical technique was meticulously
described. Stroboscopic evaluation revealed restoration
of mucosal wave in all patients by 1 year. MPT, an indi-
rect measure of glottal competency, showed a slow but
dramatic increase in all patients by 6 months, with
seven of 10 patients experiencing further increase at 1
year. The improvement was maintained for all patients
at 3 years and was statistically significant when com-
pared to preoperative measures. Subjective and laryn-
geal function testing outside of MPT were not
performed.

Three complications were reported in 30 cases. One
patient experienced expulsion of the graft within 1 week
postoperatively. This resulted in adding a suture closure
to the vocal fold incision. Two included partial hernia-
tion of the graft. In the first case, this resulted in the
formation of granulation tissue. As a result, on the sec-
ond occurrence, the herniated fascia was excised seven
days postoperatively, preventing granuloma forma-
tion.16,24 This excised graft was studied histologically
and compared to freshly harvested fascia grafts. Histo-
logic staining of fascia grafts at harvest showed collagen
and a small amount of fibroblasts with no Ki-67 staining
(a marker of cellular proliferation). In comparison, the
specimen excised 7 days postoperatively displayed a dra-
matic increase in cellular components and Ki-67, con-
firming proliferative activity. The authors suggested that
improvement in vocal fold function after ATFV may be
due to metaplasia stimulated by the proliferating fibro-
blasts and possibly stem cells of the temporalis fascia
graft.

Only four other publications mention the use of
ATFV for the treatment of vocal fold sulcus or scar.10,17–19

Tan et al. reported on two patients who were treated with
ATFV.18 One case was complicated by complete extrusion
of the graft. The other patient was noted to be improved
at 1.5 months postoperatively, but the details of this eval-
uation are not apparent. Welham et al. reported on 10
patients who underwent grafting into Reinke’s space for
sulcus vocalis or vocal fold scar.10 Only three of the 10
had ATFV, whereas the other seven had Alloderm
grafted, making conclusions difficult. Both types of grafts

were performed without complication and resulted in an
improved VHI-10. No improvement was noted in
auditory-perceptual, acoustic, aerodynamic, or vocal fold
physiologic performance. The authors stressed the actual-
ity of a prolonged recovery time for graft patients of 18
months before achieving maximal improvement. Hsiung
et al. reported on 22 patients.19 Their outcomes were com-
plicated by the fact that all patients received ATFV and
fat injection augmentation. Sixteen, three, and three
patients, respectively, reported vocal outcomes as excel-
lent, improved, and the same, with a mean follow-up of
16.6 months. Acoustic parameters did not show signifi-
cant improvement. Maximum phonation time, grade,
roughness, breathiness, mucosal wave, and amplitude
were all significantly improved. The study by Pinto et al.
is the only study aside from Tsunoda et al. that reports on
a significant number of patients who underwent only
ATFV.17 They reported on 15 patients. Using an unrecog-
nized linear grading scale of 1 to 5, all patients experi-
enced an improvement in professional perceptual voice
analysis as well as in the patients’ own evaluation. As
with other investigations, acoustic parameters did not
show significant improvement.

TABLE V.
Subjective Voice Evaluation.

Paired Differences

Significance
(2-Tailed)Mean

Standard
Deviation

Standard Error
of the Mean

95% Confidence Interval
of the Difference

Lower Upper

Gpost-Gpre 20.72222 0.66667 0.22222 21.23467 20.20978 .012

Rpost-Rpre 20.52778 0.66667 0.22222 21.04022 20.01533 .045

Bpost-Bpre 20.44444 0.58333 0.19444 20.89283 0.00395 .052

Apost-Apre 20.72222 0.47507 0.15836 21.08740 20.35705 .002

Spost-Spre 20.75000 0.70711 0.23570 21.29353 20.20647 .013

VHIpost-VHIpre 28.14286 9.54688 3.608380269 7.916587243 8.369127043 .032

Statistical analysis of preoperative (pre) and 12-month postoperative (post) Voice Handicap Index-10 (VHI-10) scores for seven patients and individual
GRBAS (grade, roughness, breathiness, asthenia, strain) subscale scores averaged across nine patients. The VHI-10 and all GRBAS subscales demonstrate
significant improvement except for breathiness, which nears significance.

Fig. 1. Change in Voice Handicap Index-10 (VHI-10) for seven
patients. The one patient who was significantly worse, patient J,
had a complication of partial graft extrusion with granulation for-
mation and significant vocal fold inflammation. Post op5 postop-
erative; Pre op 5 preoperative.
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Considering the absence of an optimal therapy for
vocal fold sulcus and scar as well as the small amount of
unconfounded data on the efficacy of ATFV, we aimed to
review the outcome of our patients with at least 1-year
follow-up using objective acoustic parameters and
accepted scales for evaluation of vocal quality and voice
handicap.

As with other studies, improvement in acoustic
parameters was not shown. In this study, only six
patients had preoperative and 12-month postoperative
studies, resulting a small number of patients, which
may have affected the statistical outcome.

Professional perceptual voice analysis of all 10
patients using the GRBAS scale showed significant
improvement overall and in all subscales except breathi-
ness. The P value for breathiness equaled .052 and
trended towards significance. One may suggest that
with a larger sample size this value would become sig-
nificant as well.

Patient self-assessment of vocal handicap using the
VHI-10 evidenced significant improvement 1 year after
surgery (P 5.032). Only one patient had an increase in
their VHI-10, from 27 to 30. This patient experienced
the lone complication of in the study, partial extrusion of
the graft with granuloma formation. Inflammation of the
surgical site was severe and resolved by 8 weeks. Heal-
ing in this particular case was prolonged and the ulti-
mate outcome for this patient was increasing dysphonia.

The complication of graft extrusion is not isolated
to our study.16,18 Extrusion or herniation of the graft
appears to be the main complication of ATFV. Concomi-
tant granuloma formation may cause a prolonged recov-
ery or a poor outcome. After this case, all incisions were
sealed with fibrin glue in addition to the typical suture
closure. No further complications or graft extrusions
were noted, and this dual closure is recommended.

The LVS displayed improvement in nine of the 10
patients in both mucosal wave and glottal closure.
Patient F did not improve in either category. Despite

this, the patient still had improvement in all GRBAS
categories. A 12-month VHI-10 was not performed. It
appears that ATFV results in improvement in both glot-
tal closure and in mucosal wave in most cases. This find-
ing suggests ATFV is well suited for the treatment of
sulcus and scar where deficiencies in both areas impact
vocal production.

Though not specifically evaluated in this investiga-
tion, clinically it appeared the majority of vocal improve-
ment took place 2 to 6 months postoperatively. In the
first postoperative month the patients were severely dys-
phonic. This slow recovery is noted by other authors and
is the primary deficiency with ATFV.10,16 Patients must
be counseled on this issue. Considering the significant
vocal improvement in all of our patients, except one who
had a complication, the similar success of other authors
performing ATFV and the highly variable outcome of
other surgical options, ATFV should be considered a very
good option for treatment despite the prolonged recovery
time. An alternative graft that allows quicker recovery
would be optimal, but one does not currently exist.

CONCLUSION
Vocal fold sulcus and scar results in significant dys-

phonia. Many surgical options result in unsatisfactory
and inconsistent outcomes. In the large majority of
patients, ATFV results in an improved mucosal wave
and glottal closure, subjective vocal improvement, and
decreased patient vocal handicap. The main risk of com-
plication is herniation of the fascia graft with granuloma
formation, possibly resulting in a poor outcome. The
placement of fibrin glue over the vocal fold incision in
addition to the usual suture closure should minimize
this risk. Despite a longer vocal recovery time, ATFV is
a very good option for treatment of vocal fold scar and
sulcus vocalis.
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