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Abstract

Obijectives: Vocal fold scarring is caused by replacement of vocal fold mucosa with
fibrous tissue due to repeated inflammation or trauma. It can lead to severe dyspho-
nia. It is currently treated conservatively and with phonosurgery and intracordal
injections. Intracordal injection of steroid or basic fibroblast growth factor (bFGF) has
been recently found to be useful for treating vocal fold scarring that does not
respond to voice therapy.

Methods: This retrospective study involved the administration of steroid injection and
bFGF injection bilaterally under local anesthesia in 16 patients each. Laboratory mea-
surements of voice parameters were performed before and 3-6 months after injection.
Results: In the steroid injection group, the Voice Handicap Index (VHI) score significantly
improved from 57.1 to 40.5, total Grade, Roughness, Breathiness, Asthenia, Strain
(tGRBAS) score significantly improved from 4.2 to 2.6, and mean speech fundamental
frequency (SFF) increased from 192.5 to 211.4 dB, but there was no improvement in
maximum phonation time (MPT) and mean airflow rate (MFR). In the bFGF injection
group, significant improvements in the VHI score (from 53.3 to 35.7), MPT (from 16.9 to
21.8 s) and MFR (from 314.6 to 210.5 ml/s) were seen; however, the tGRBAS score did
not improve. In addition, the SFF significantly decreased from 178.1 to 160.5 Hz.
Conclusion: These results suggest that both steroid and bFGF injections are effective
for treating vocal fold scarring, with steroids improving voice quality and bFGF
improving glottic closure, thereby contributing to improvements in VHI scores.

Level of Evidence: 4.
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1 | INTRODUCTION
Vocal fold scarring is caused by inflammation, surgical trauma, and
congenital lesions. It results in dysphonia and impaired communica-
tion.! Histologically, it is characterized by disorganized collagen and
elastin bundles with loss of important extracellular matrix constitu-
ents, resulting in vocal fold hardening, suppression of mucosal vibra-
tions, and an increase in the glottal gap.2® Its treatment is mainly
conservative (voice therapy), although the microflap technique and
laryngeal framework surgery are sometimes performed.>*
Conservative treatment is minimally invasive but has a long treat-
ment period and unestablished protocol; therefore, there remains
room for further study.®> Scar removal and fascial grafting through

vocal fold surgery, although reportedly effective,>®

are not widely
performed because they require general anesthesia and involve
advanced surgical techniques. Intracordal drug injection is an interme-
diate approach between conservative treatment and surgery. Intracor-
dal injection of several materials, including atelocollagen,” autologous
fat,® and calcium hydroxylapatite,” is currently used to treat dyspho-
nia. Steroid injection is widely used to treat benign vocal fold lesions,
including vocal fold scarring.2°"*% Steroid injection alters cytokine
secretion, which could decrease fibrosis, thereby improving the vibra-
tory ability of the vocal folds.*'** Steroid injection immediately fol-
lowing trauma reportedly causes decreased collagen deposition,
leading to decreased fibrosis.2> Steroid injection has been found to
reduce rigidity'® and vocal strain and improve vibration in patients
with vocal fold scarring,?” and they can be used to soften the scarred
vocal fold in patients with hypertrophic vocal fold scars.

Recent advances in molecular biology have led to the develop-
ment of tissue engineering techniques that use growth factors, cells,
and scaffolding. In particular, growth factor injection is relatively sim-
ple and has been applied in several fields. Basic fibroblast growth fac-
tor (bFGF) is among the most commonly used growth factors and is
already being used to treat various vocal fold lesions.*®~2* However,
few studies have investigated the therapeutic effects of bFGF on pho-
nological function in patients with vocal fold scarring.'® bFGF admin-
istration can stimulate fibroblast proliferation and promote synthesis
of extracellular matrix, leading to increased hyaluronic acid and matrix
metalloproteinase production and reduced collagen deposition,
thereby increasing the thickness of the superficial lamina propria
(SLP).222% At our institution, good outcomes have been achieved
using bFGF injection in patients with vocal fold paralysis,*® vocal fold
atrophy,?* and vocal fold sulcus.?° This has led to the use of bFGF to
treat vocal fold scarring. However, the drug to be used remains to be
elucidated, and the improvement of dysphonia would differ depending
on the drug used due to differences in mechanisms of action. Histo-
logical studies using animal models have demonstrated that steroid®*
and bFGF injections®>2¢ have different effects on scarred vocal folds.
Furthermore, in our preliminary study, glottic insufficiency on laryn-
geal stroboscopy did not noticeably reduce after steroid injection, but
after bFGF injection, vocal cords were thickened and glottic insuffi-

ciency was clearly reduced. The purpose of this study was to

retrospectively examine the effects of intracordal injections performed
to treat vocal fold scarring and compare the improvements in phonologi-
cal outcomes between steroid and bFGF injections. We ultimately aim to
determine an effective treatment for vocal fold scarring and ascertain its

characteristics.

2 | MATERIALS AND METHODS

21 | Study participants

This study was approved by the Institutional Review Board of the
International University of Health and Welfare (14-S-3). Before
injection, written informed consent was obtained from all patients.
We enrolled 32 patients who underwent intracordal vocal fold
injection at the International University of Health and Welfare
Tokyo Voice Center and underwent laboratory measurements of
voice parameters before and 3-6 months after injection, as con-
firmed using medical records. None of the participants had a
previous history of intracordal injection, and they were divided into
an steroid injection and a bFGF injection group, with each group

comprising 16 patients.

2.2 | Study outcomes

The primary study outcome was the Voice Handicap Index (VHI)
score, which was used to determine the therapeutic effects of the
injections. The secondary outcomes were laboratory measurements
of voice parameters, which were used to elucidate the indications for
these therapies.

2.3 | Injection procedure

We used a triamcinolone acetonide with a depot solution to pro-
long the development period (KENACORT-A,; Bristol-Myers Squibb
K.K.) or human recombinant bFGF (Fiblast; Kaken Pharmaceutical
Company, Ltd.). The KENACORT-A or bFGF was injected bilaterally
under local anesthesia. The pharynx and larynx were completely
anesthetized with 4% lidocaine. Under transnasal fiberscopic laryn-
geal monitoring, 3 mg of triamcinolone acetonide dissolved in
0.3 ml of depot solution per side or 50 pg of bFGF (in 0.5 ml of
saline) was injected into and spread onto the SLP using a 23-gauge
injection needle (Varixer; TOP Corp.). The doses of triamcinolone
acetonide or bFGF were determined according to the manufac-
turer's instructions and previous studies.*>'® To detect possible
allergic reactions, the vocal folds were checked using a fiberscope
1 h after injection. Participants were instructed to rest their voices
on the day of the injection but were allowed to use their voices
from the following day onwards according to our previously

reported injection protocol.
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2.4 | Laboratory measurements of voice TABLE 1  Characteristics of the patients in the steroid injection
parameters group
Sex Age Surgical trauma Primary disease

Phonological outcomes, maximum phonation time (MPT), mean airflow 1 F 49 Bilateral Vocal fold nodule
rate (MFR), pitch range (PR), jitter, shimmer, speech fundamental fre- 2 E 45 Unilateral Ve el pallye
quency (SFF), and noise-to-harmonic ratio (NHR) were evaluated and the 3 E 48 N/A Chorditis
Japanese version of the VHI?” was administered at 3-6 months after A r i Biloteral P
injection. MFR was determined using a Phonatory Function Analyzer
(PS-77E; Nagashima Medical Instruments Company, Ltd.). Jitter, shim- > F 36 Bilateral Reinke's edema
mer, SFF, and NHR were measured using a computerized speech lab 6 F 62 ol REIIGHCEEIE
device (Model 4500; KayPENTAX). PR was assessed using an objective 7 M 44 Unilateral Vocal fold cyst
method with a pitch meter and keyboard. All evaluations were per- 8 F 51 Unilateral Vocal fold cyst
formed by skilled speech-language-hearing therapists. 9 F 41 Bilateral Reinke's edema

10 F 43 Bilateral Reinke's edema

11 F 39 Bilateral Vocal fold nodule
25 | Statistical analysis 12 F 45 Bilateral Reinke's edema

13 F 23 Bilateral Vocal fold nodules
Differences between the means of preinjection and postinjection 14 F 39 Unilateral Vocal fold polyp
values were analyzed using the Wilcoxon matched-pair signed-rank 15 E 44 N/A Chorditis
test. The analysis was performed using Statistical Package for the 16 M 67 Unilateral Vocal fold nodules

Social Sciences statistical software (version 19.0). Statistical signifi-
cance was set at p < .01 or p < .05.

3 | RESULTS

3.1 | Patient characteristics

The steroid injection group comprised 2 men and 14 women, with a
mean age of 45.1 years (range: 23-67 years). Nine, five, and two patients
had bilateral surgical trauma to the vocal folds, unilateral trauma, and
inflammatory scarring, respectively. The primary diseases were Reinke's
edema, nodules, cysts, polyps, and chorditis in six, four, two, two, and
two patients, respectively (Table 1). All patients had experienced persis-
tent dysphonia, which was not improved after 2-3 months of conserva-
tive treatments such as voice hygiene, voice rehabilitation, or medication.
The bFGF injection group comprised 11 men and 5 women, with a mean
age of 55.6 years (range: 31-75 years). Six, eight, and two patients had
bilateral surgical trauma to the vocal folds, unilateral trauma, and inflam-
matory scarring, respectively. The primary diseases were cysts in five
patients, Reinke's edema in four patients, chorditis in two patients, and
nodules, polyp, laryngeal amyloidosis, laryngeal granuloma, and sulcus
vocalis in one patient each (Table 2). Vocal fold scarring was diagnosed
by two or three independent phonosurgeons based on a clinical history
of laryngeal microsurgery and pretreatment stroboscopic findings of
changes in glottal configuration, vocal fold edge linearity, vocal fold vibra-

tion amplitude, mucosal wave excursion, and periodicity.

3.2 | Adverse events

In both groups, no patient experienced allergic reactions or severe

adverse effects such as muscle atrophy. Most of the patients in the

Abbreviation: N/A, not applicable.

TABLE 2 Characteristics of the patients in the bFGF injection

group
Sex Age Surgical trauma Primary disease
1 F 35 Unilateral Laryngeal amyloidosis
2 M 73 Unilateral Vocal fold polyp
3 M 60 Bilateral Reinke's edema
4 M 65 N/A Chorditis
5 M 71 Unilateral Vocal fold cyst
6 M 75 Unilateral Vocal fold cyst
7 F 31 Unilateral Vocal fold cyst
8 M 51 Bilateral Reinke's edema
9 M 75 Bilateral Reinke's edema
10 M 76 Bilateral Reinke's edema
11 F 41 Unilateral Vocal fold cyst
12 F 29 Unilateral Vocal fold cyst
13 M 40 Unilateral Laryngeal granuloma
14 M 66 Bilateral Vocal fold nodules
15 F 30 Bilateral Sulcus vocalis
16 M 71 N/A Chorditis

Abbreviations: bFGF, basic fibroblast growth factor; N/A, not applicable.

steroid injection group experienced vocal fold hyperemia and/or
hematoma for a couple of weeks, but they recovered within a month.
Some patients in the bFGF injection group experienced severe
hoarseness associated with transient hyperemia, but they recovered

completely.
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FIGURE 1 Stroboscopic vocal fold examination findings of a
representative patient who received steroid injection. The patient, a
66-year-old man, presented with severe dysphonia. Preinjection
stroboscopy images show vocal fold scarring following vocal fold
surgery with a CO,, laser for leukoplakia (A-L); the free edges of the
vocal folds are irregular and stiff, and there is glottic insufficiency and
decreased vibration. Three months after steroid injection, the
patient's voice quality has improved. Stroboscopy images show
reduced vocal fold stiffness and glottic insufficiency and improved
vocal fold vibration (M-X)

FIGURE 2 Stroboscopic vocal fold examination findings of a
representative patient who received basic fibroblast growth factor
injection. The patient, a 62-year-old woman, presented with severe
dysphonia. Preinjection stroboscopy images show vocal fold scarring
and contralateral reactive swelling following vocal fold surgery for a
left vocal cyst (A-L); the free edges of the vocal folds are sharp but
stiff, and there is glottic insufficiency and decreased vibration. Three
months after basic fibroblast growth factor injection, the patient's
maximum phonation time and maximum airflow rate significantly
improved. Stroboscopy images show thickened vocal folds, reduced
glottic insufficiency, and improved vocal fold vibration (M-X)
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33 |
injection

Representative cases of steroid and bFGF

Steroid injection: Figure 1 shows the stroboscopic findings of a repre-
sentative patient who received steroid injection. The patient, a
66-year-old man, presented with severe dysphonia. Preinjection stro-
boscopy revealed vocal fold scarring following vocal fold surgery with
a CO, laser (Figure 1A-L); the free edges of the vocal folds were irreg-
ular and stiff, and there was glottic insufficiency and decreased vibra-
tion. Three months after steroid injection, the patient's voice quality
improved. Stroboscopy revealed reduced vocal fold stiffness and glot-
tic insufficiency and improved vocal fold vibration (Figure 1M-X).
bFGF injection: Figure 2 shows the stroboscopic findings of a rep-
resentative patient who was treated with bFGF injection. The patient,
a 62-year-old woman, presented with severe dysphonia. Preinjection
stroboscopy revealed vocal fold scarring and contralateral reactive
swelling following laryngeal microsurgery (Figure 2A-L); the free
edges of the vocal folds were sharp but stiff, and there was glottic
insufficiency and decreased vibration. Three months after bFGF injec-
tion, the MPT and MFR significantly improved. Stroboscopy revealed
thickened vocal folds, reduced glottic insufficiency, and improved

vocal fold vibration (Figure 2M-X).
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FIGURE 3 Changes in Voice Handicap Index score following
steroid or basic fibroblast growth factor injection. (A) Steroid
injection. (B) Basic fibroblast growth factor injection. **p < .01

3.4 | Postinjection improvements in VHI scores
The VHI score improved in 14 patients in the steroid injection group.
The mean VHI score in this group significantly improved, from 57.1 at
preinjection to 40.5 at postinjection (Figure 3A). The VHI score
improved in 12 of 15 patients in the bFGF injection group at postin-
jection compared with preinjection. The mean VHI score in this group
significantly improved, from 53.3 at preinjection to 35.7 at postinjec-
tion (Figure 3B).

3.5 | Postinjection improvements in voice quality
assessed using the Grade, Roughness, Breathiness,
Asthenia, Strain scale

Voice quality was assessed using the Grade, Roughness, Breathiness,
Asthenia, Strain (GRBAS) scale, which is a psychoacoustic measure of
voice quality. The total GRBAS score, that is, the sum of the scores of
each GRBAS subscale (tGRBAS score), showed a decrease in

10 patients in the steroid injection group at postinjection compared
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FIGURE 4 Changes in total Grade, Roughness, Breathiness,
Asthenia, Strain scale score following steroid or basic fibroblast
growth factor injection. (A) Steroid injection. (B) Basic fibroblast
growth factor injection. ns, no significant difference. **p < .01
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with preinjection. The mean value in this group significantly decreased
from 4.2 at preinjection to 2.9 at postinjection (Figure 4A). In terms of
GRBAS subscales, the G subscale and B subscale scores significantly
improved, from 1.56 (standard deviation [SD]: 0.51) to 1.12 (SD: 0.34)
and from 1.19 (SD: 0.75) to 0.56 (SD: 0.51), respectively, but no signif-
icant difference was observed in other subscales. The tGRBAS score
decreased in nine patients in the bFGF injection group at postinjection
compared with preinjection. However, no significant difference was
observed between the preinjection and postinjection total or subscale

scores in this group (Figure 4B).

3.6 | Postinjection improvements in laboratory
measurements of voice parameters

Aerodynamic parameters: The MPT was prolonged in nine patients in
the steroid injection group at postinjection compared with preinjec-
tion. The mean MPT in this group was 13.1 s at preinjection and
14.0 at postinjection, with no significant difference observed
(Figure 5A). The MPT was prolonged in 14 patients in the bFGF injec-

tion group at postinjection compared with preinjection. The mean
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FIGURE 5 Changes in maximum phonation time following steroid

or basic fibroblast growth factor injection. (A) Steroid injection.
(B) Basic fibroblast growth factor injection. ns, no significant
difference. **p < .01

MPT in this group was significantly prolonged, from 16.9 s at preinjec-
tion to 21.8 s at postinjection (Figure 5B). The MFR decreased in
10 patients in the steroid injection group at postinjection compared
with preinjection. The mean MFR in this group was 277.8 ml/s at pre-
injection and 269.5 ml/s at postinjection, with no significant differ-
ence observed (Figure 6A). The MFR decreased in 15 patients in the
bFGF injection group at postinjection compared with preinjection.
The mean MFR significantly decreased in this group, from 314.6 ml/s
at preinjection to 210.5 ml/s at postinjection (Figure 6B).

Acoustic parameters: The SFF increased in 11 patients in the ste-
roid injection group at postinjection compared with preinjection. The
mean SFF significantly increased in this group, from 192.5 Hz at prein-
jection to 211.4 Hz at postinjection (Figure 7A). The SFF decreased in
14 patients in the bFGF injection group at postinjection compared
with preinjection. The mean SFF significantly decreased in this group,
from 178.0 Hz at preinjection to 160.5 Hz at postinjection
(Figure 7B). The PR expanded in 9 and contracted in 7 of the
16 patients in the steroid injection group. However, no significant dif-
ference was observed between the preinjection and postinjection

values in this group (Figure 7A). In contrast, the PR expanded in all
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FIGURE 6 Changes in mean flow rate following steroid or basic

fibroblast growth factor injection. (A) Steroid injection. (B) Basic

fibroblast growth factor injection. ns, no significant

difference. **p < .01
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FIGURE 7 Changes in speech fundamental frequency following
steroid or basic fibroblast growth factor injection. (A) Steroid
injection. (B) Basic fibroblast growth factor injection. *p < .05

patients in the bFGF injection group (Figure 8A), and the mean PR sig-
nificantly decreased from 29.0 ST at preinjection to 33.4 ST at postin-
jection (Figure 8B). Preinjection and postinjection jitter, shimmer, and
NHR showed no difference in both groups.

4 | DISCUSSION

Vocal fold scarring results from damage to the SLP and is associated
with increased stiffness and decreased mobility of the vocal fold
mucosa.® Human vocal folds have an extremely complicated three-
layered structure,® and the treatment of vocal fold scarring, in which
this structure is disrupted, is an unsolved problem. Vocal fold scarring
is characterized by disorganization of collagen and elastin bundles,
replacement of type Il collagen with type | collagen, loss of important
extracellular matrix components, and changes in viscoelastic proper-
ties due to reduction of hyaluronic acid production.! These changes
result in reduced volume, decreased vocal fold flexibility, and hoarse-
ness due to inadequate glottic closure, which greatly affects patients'

quality of life. Vocal fold scarring can be caused by intubation, vocal

o
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Pre-injection Post-injection
(B)
50 r “ .
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Pre-injection Post-injection
FIGURE 8 Changes in pitch range following steroid or basic

fibroblast growth factor injection. (A) Steroid injection. (B) Basic
fibroblast growth factor injection. ns, no significant
difference. **p < .01

fold surgery, phonotrauma, infection, and other congenital causes,®
with vocal fold surgery being the most common cause. To date,
despite the great need for it, no appropriate treatment for vocal fold
scarring has been established. Treatment of vocal fold scarring cur-
rently involves methods to improve glottic closure and/or rigidity by
restoring the disrupted SLP. Conservative treatments such as voice
hygiene and voice therapy are widely performed as the first-choice
treatment,® and surgical treatment includes medialization thyroplasty
and injection augmentation.>* Epithelium-freeing techniques, mucosal
grafting, fascia grafting and angiolytic laser are also used, but the most
optimal among these therapies remains to be determined.® Therefore,
evidence must be accumulated to establish proper therapeutic strate-
gies. While currently available therapies can improve glottic closure,
improvement in rigidity through restoration of the disrupted SLP
remains to be fully accomplished. When surgical treatment is consid-
ered, the least invasive strategy is selected because the results of sur-
gery for vocal fold scarring are difficult to predict. Consequently, drug
injection would be preferred over laryngeal framework surgery, which
requires a skin incision, or laryngeal microsurgery, which requires gen-

eral anesthesia.
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At our department, intracordal steroid injection has been used for
treating vocal fold scarring refractory to voice therapy.'® In recent
times, the number of patients receiving bFGF injection have been
increasing. Both injections have positive effects on vocal fold scarring,
but the treatment administered was subjectively chosen according to
the judgment of the treating physician and the wishes of the patient,
and there were no precise indication criteria. Therefore, we used VHI
as the primary outcome and used it to determine the therapeutic
effect of these injections and used laboratory measurements of voice
parameters as the secondary outcomes to elucidate indication criteria.
The therapeutic effects of intracordal steroid injection for benign
vocal fold lesions have been reported in many studies, including sys-
tematic reviews.'®28-30 However, most studies include patients with
various lesions, and few focus only on vocal fold scarring. Vocal fold
scarring is expected to be more refractory to this regimen than other
benign vocal fold lesions.*®

Young et al. demonstrated that intracordal steroid injection
decreased VHI, Glottal Function Index, and GRBAS scores; reduced
pronunciation threshold pressure®; and increased SFF range.l® The
stroboscopic parameters of vocal fold edge, glottal closure, and right
mucosal wave also improved after steroid injection.’® Here, the VHI
and tGRBAS scores improved after steroid injection, but the MPT and
MFR did not. Thus, steroid injection might result in improved vocal
fold rigidity through histological changes in the SLP rather than
through a reduction in the glottic gap. The significant increase in SFF
further confirms that steroid injection can sufficiently treat vocal fold
scarring.

In recent years, new treatments using tissue engineering tech-
niques are gaining attention.® In vitro and in vivo experiments showed
a significant decrease in collagen deposition and increase in hyaluronic
acid production in both the acute and chronic phases of vocal fold
injury following administration of exogenous growth factors, namely,
epidermal growth factor, bFGF, transforming growth factor beta
1, and hepatocyte growth factor.® Furthermore, progress has been
made in the therapeutic administration of platelet-rich plasma®! and
bone marrow-derived autologous stem cells.>> bFGF injection has
become a leading treatment for vocal fold atrophy and paraly-
sis. 181921 The efficacy of bFGF in the treatment of vocal fold scarring
and atrophy has been demonstrated in several animal and clinical
studies.?223252¢ |n another study, 41 patients with vocal fold scarring
were treated with four injections of bFGF and showed improvement
in MPT and GRBAS score.?® Our previous studies have also demon-
strated the potential of bFGF as a treatment for vocal fold scarring.'®
These studies concluded that bFGF acts on vocal fold scarring by
stimulating fibroblasts to produce HA, thereby regenerating the SLP. In
this study, improved VHI scores, prolonged MPT, and shortened MFR
were observed, but the tGRBAS score, an indicator of voice quality,
did not improve. MPT and MFR indicate the glottic insufficiency sta-
tus. bFGF has been found to improve MPT and MFR in patients with
vocal fold paralysis and atrophy with a large insufficiency.2®? Thus,
bFGF might mediate a medialization effect related to MPT and MFR
by stimulating the SLP and underlying muscle layer and simulta-

neously improve the vibratory properties of the vocal folds. This

hypothesis might be supported by our finding of a decrease in SFF fol-
lowing bFGF injection.

Although obvious differences in vocal fold vibration between the
steroid and bFGF injection groups were not quantified, both steroid and
bFGF injections were found to be effective for treating vocal fold scar-
ring in terms of VHI score. Importantly, there were differences in labora-
tory measurements of voice parameters, which reflected the mechanism
of action. Briefly, steroid injection should improve voice quality by thin-
ning the vocal cords and increasing their vibratory properties, which may
contribute to the improvement in VHI score. However, there is no pro-
longation of MPT or decrease in MFR due to the medialization effect of
the increased vocal fold volume. In contrast, bFGF injections stimulate
fibroblasts in the intrinsic SLP and muscle cells in the larynx, and they
increase the vocal fold volume by stimulating cell proliferation and hya-
luronic acid production, and inhibiting collagen fiber production, which
may contribute to the improvement in VHI scores.

The main strengths of this study are its participants and the drugs
used. Most studies on vocal fold scarring involve fewer participants than
this study, and we used commercially available drugs. The impact of our

findings on therapeutic strategies would therefore be significant.

41 | Limitations

This is a retrospective study, and inherent biases could not be eliminated.
For example, the backgrounds and disease status of the two groups were
not matched, and since the diagnosis of vocal cord scarring is more diffi-
cult than for other benign mucosal lesions of the vocal fold, a diagnostic
bias is likely to have occurred. However, we demonstrated that bFGF
injection is as effective as steroid injection, which is an established treat-
ment for vocal fold scarring, and that the mechanisms underlying the
therapeutic effect appear to differ, potentially increasing treatment
options for patients. Furthermore, the results from this study can be used
as pilot data for safety/efficacy in order to design a future study that
includes a control group to evaluate the effect of a short-acting inject-
able drug. However, our results are supported by those of many previous
studies and seem to have some validity. In the future, prospective studies
should be conducted to determine the indication criteria and recurrence

rate in the long term for steroid or bFGF injections.

5 | CONCLUSION

We investigated the therapeutic effects of steroid injection and bFGF
injection in 16 patients each. Laboratory measurements of voice parame-
ters were evaluated before and 3 months postinjection. We found that
the VHI and tGRBAS scores significantly improved and SFF increased in
the steroid injection group, but there was no improvement in aerody-
namic parameters and SFF increased. In the bFGF injection group, the
VHI score, MPT, and MFR significantly improved; however, the tGRBAS
score did not, and SFF decreased. These results suggest that both steroid
and bFGF injections are effective for treating vocal fold scarring,
although they act through different mechanisms.
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