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Objectives/Hypothesis: Severe vocal fold lesions such as vocal fold sulcus, scars, and atrophy induce a communication
disorder due to severe hoarseness, but a treatment has not been established. Basic fibroblast growth factor (bFGF) therapies
by either four-time repeated local injections or regenerative surgery for vocal fold scar and sulcus have previously been
reported, and favorable outcomes have been observed. In this study, we modified bFGF therapy using a single of bFGF injec-
tion, which may potentially be used in office procedures.

Study Design: Retrospective chart review.
Methods: Five cases of vocal fold sulcus, six cases of scars, seven cases of paralysis, and 17 cases of atrophy were

treated by a local injection of bFGF. The injection regimen involved injecting 50 mg of bFGF dissolved in 0.5 mL saline only
once into the superficial lamina propria using a 23-gauge injection needle. Two months to 3 months after the injection,
phonological outcomes were evaluated.

Results: The maximum phonation time (MPT), mean airflow rate, pitch range, speech fundamental frequency, jitter, and
voice handicap index improved significantly after the bFGF injection. Furthermore, improvement in the MPT was significantly
greater in patients with (in increasing order) vocal fold atrophy, scar, and paralysis. The improvement in the MPT among all
patients was significantly correlated with age; the MPT improved more greatly in younger patients.

Conclusions: Regenerative treatments by bFGF injection—even a single injection—effectively improve vocal function in
vocal fold lesions.
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INTRODUCTION
The normal vocal fold is a pair of mucosa, 15 to

20 mm long, and its vibratory properties lay the ground-

work for the voice. The vocal fold’s mucous membrane
has a characteristic laminar structure that it is not
found in other parts. The vocal fold consists of the squa-
mous epithelium, the basement membrane, the superfi-
cial lamina propria (SLP), the vocal ligament, and the
vocalis muscle. The SLP is a layer that contains an
amorphous substance and microfibrils that allow it to
slide over the deep layer1–3 and contribute to the visco-
elastic and vibratory characteristics of the human vocal
folds. The SLP is normally very loose and contains abun-
dant interstitial proteins such as hyaluronic acid (HA),
fibronectin, and proteoglycans such as fibromodulin,
decorin, and versican.1–4 On the other hand, in a severe
vocal fold lesion, such as a vocal fold scar, vocal fold sul-
cus, and atrophy, the SLP has deposits of disorganized
thick collagen bundles with little HA.5 These histological
changes induce vocal fold sclerosis, vibratory suppres-
sion, and glottal insufficiency. These changes induce
severe symptoms such as breathy hoarseness, phonas-
thenia, and aspiration associated with communication
disorders and fatal pneumonia.

Various surgical attempts have been performed for
these cases, such as the dissection or excision of the
lesion,6 the slicing technique,7 carbon dioxide laser abla-
tion with collagen injection,8 and fat implant and fascia
implant to stimulate regeneration of the SLP.9,10 How-
ever, a particular treatment has not been established,
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because the wound-healing process for regeneration is
unpredictable.11

Recent progress in regenerative medicine has
made it possible to develop tissue engineering techni-
ques by using cells, scaffolds, and growth factors.12

Growth factors stimulate the growth, proliferation, and
migration of cells. They also affect cell function. Extrin-
sic application of growth factors may induce the regen-
erative process.13 One promising growth factor is basic
fibroblast growth factor (bFGF), which is a member of
the fibroblast growth factor family.14 Its functions in
developmental processes include mesoderm induction,
anteroposterior patterning,15 limb development, neural
induction, neural development,16 mature tissues/
systems angiogenesis, keratinocyte organization, and
wound-healing processes.17 As a commercial-based med-
icine, bFGF has been widely used to treat skin ulcers
and bed sores. Hirano et al.18 also confirmed that bFGF
stimulates HA production and suppresses the produc-
tion of collagen by the vocal fold fibroblasts. An in vivo
canine study showed that a local injection of bFGF
resulted in the recovery of vibration in scarred vocal
folds.19 Histological examination showed recovery of
HA with reduced disorganization of collagen bundles.
Based on these laboratory experiments, Hirano et al.20

have established the clinical application of bFGF to
human patients with vocal fold scar and sulcus, using a
commercial bFGF product that was already approved
by the Ministry of Health and Welfare of Japan. They
treated 15 cases of vocal fold scar and vocal fold sulcus
by either four-time repeated local injections of bFGF or
by regenerative surgery using bFGF. The four-time
repeated injection group and the regenerative surgery
group both showed significant improvement in the voice
handicap index (VHI) and in the grade, roughness,
breathiness, asthenia, strain scale; in addition, the
maximum phonation time (MPT) significantly improved
in the regenerative surgery group.20 These results indicate
a bright future for patients experiencing severe hoarseness.

The next step is to establish an optimal bFGF ther-
apy regimen. Drug injection for vocal fold is a low-risk
and low-cost therapy suitable for office surgery. It is a
potential regimen for bFGF therapy. In this study, we
investigated a single bFGF injection for 35 cases of
severe hoarseness caused by vocal fold sulcus, scar,
atrophy, and paralysis to develop a novel therapeutic
strategy.

MATERIALS AND METHODS

Patients
Thirty-five patients, who represented five cases of vocal

fold sulcus, six cases of scar, seven cases of paralysis, and 17
cases of atrophy, were treated by a local injection of bFGF.
These patients consisted of 26 males and nine females with age
range of 24 to 78 years (mean age, 65.7 years). Twenty-six
patients were injected bilaterally, and nine patients were
injected unilaterally. Vocal fold scar cases included five cases of
postoperative scar, and all paralysis cases were the unfavorable
outcome of medialization laryngoplasty. Two independent pho-
nosurgeons referred to the patients’ clinical history and strobo-
scopic findings to categorize the patients.

Injection Protocol
A commercial form of human recombinant bFGF (Fiblast;

Kaken Pharmaceutical Co. Ltd., Tokyo, Japan) was prepared.
In 1991, the Japanese Ministry of Health (Tokyo, Japan)
approved Fiblast for the treatment of skin ulcers. In humans, it
is widely used in spray form with no serious reported adverse
effects. The bFGF injections were performed under local anes-
thesia. In brief, the pharynx and larynx were completely anes-
thetized with 4% lidocaine. Fifty micrograms of bFGF dissolved
in 0.5 mL saline were injected and spread into the SLP, not into
the muscle layer, using a 23-gauge injection needle (Varixer;
TOP Corp., Tokyo, Japan) under transnasal fiberscopic monitor-
ing of the larynx (Fig. 1). The dose of bFGF was determined by
reference to the official drug information tokyo voice the manu-
facturer and its regular concentration for skin ulcer treatment
and 10% or less than maximum dose. The injection was per-
formed unilaterally or bilaterally, depending on the lesion site.
An important technique is to inject bFGF into the SLP as if
inflating a balloon. To detect a possible allergic reaction such
as edema of the vocal fold, transnasal fiberscopic monitoring
was performed 1 hour after the injection. In this study, the
injection was not repeated. Patients were instructed to rest
their voices on the day of the injection, but were allowed to
phonate the following day.

Measurement of Voice Parameters
Vocal outcomes were evaluated 2 to 3 months after the

injection. The MPT, mean airflow rate (MFR), pitch range (PR),
jitter, shimmer, speech fundamental frequency (SFF), noise-to-
harmonic ratio (NHR), VHI,21 and sound pressure level (SPL)
were measured and evaluated. The MFR and SPL were meas-
ured by the Phonatory Function Analyzer PS-77E (Nagashima
Medical Instruments Co., Ltd., Tokyo, Japan). Jitter, shimmer,
and the NHR were assessed by computerized speech lab model
4500 (KayPENTAX, Montvale, NJ). The PR and SFF were
measured in a semiobjective way with a keyboard and pitch
meter.

Statistical Analysis
Differences between the means of the preinjective and

postinjective results and improvement (i.e., postinjective value–
preinjective value) in the disease were analyzed by Wilcoxon
matched pairs signed rank test. The correlation between the
improvement and age were analyzed by Kendall rank correla-
tion coefficient.

RESULTS

Adverse Effects
No patient had an allergic response or any severe

adverse effects. Most patients had hyperemia of the
vocal fold and a rough voice for 2 to 3 weeks, but these
effects were temporary and not severe.

Representative Case
Figure 2 shows the stroboscopic findings of a repre-

sentative case. This patient is a 60-year-old male who
presented with severe dysphonia. Figures 2A–L show the
stroboscopic findings at the first visit: there was severe
vocal fold atrophy on the both sides that hardly vibrated.
The injection of bFGF was thereafter completed on both
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vocal folds. Two months after the injection, his voice
improved noticeably. The stroboscopic findings showed an
increase in the vocal fold membrane with improved vibra-

tion of the vocal folds (Fig. 2M–X). The MPT improved
tokyo voice 15 seconds to 33 seconds, and the VHI was
reduced tokyo voice 68 to 38. As in the representative

Fig. 1. Fifty micrograms of basic fibroblastic
growth factor (bFGF) dissolved in 0.5 mL
saline are injected and spread into the superfi-
cial lamina propria (SLP). A 23-gauge injection
needle is used under transnasal fiberscopic
monitoring of the larynx (A) before and (B)
after the injection of the right vocal fold, and
(C) before and (D) after the injection of the left
vocal fold. The bFGF is injected into the SLP
as if inflating a balloon.

Fig. 2. Stroboscopic findings of a representative case. (A–L) show the stroboscopic findings at the first visit: on both sides, there is severe
vocal fold atrophy that hardly vibrates. (M–X) After the injection of bFGF, the stroboscopic findings show an increase in the vocal fold mem-
brane with improved vibration of the vocal folds.
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patient, most patients improved in every phonologic
parameter.

Aerodynamic and Acoustic Parameters
The MPT of all patients significantly improved

tokyo voice 12.4 seconds to 18.0 seconds after the injec-
tion. In subgroup analysis, the MPT of patients with
vocal fold paralysis significantly improved tokyo voice
9.5 seconds to 14.5 seconds; the MPT of patients with
vocal fold scar significantly improved tokyo voice 12.2
seconds to 20.4 seconds, and the MPT of patients with
vocal fold atrophy significantly improved tokyo voice
11.2 seconds to 16.4 seconds (Fig. 3A). The MFR in all
patients significantly decreased tokyo voice 301.3 mL/s
to 202.4 mL/s. In subgroup analysis, the MFR in
patients with vocal fold paralysis significantly decreased
tokyo voice 440.6 mL/s to 295.6 mL/s; the MFR in
patients with a vocal fold scar significantly decreased
tokyo voice 237.5 mL/s to 99.8 mL/s, and the MFR in
patients with vocal fold atrophy significantly decreased
tokyo voice 268.3 mL/s to 198.6 mL/s (Fig. 3B). The PR
in all patients significantly increased from 20.8 semi-
tome (ST) to 40.3 ST. In subgroup analysis, the PR in
patients with a vocal fold scar significantly increased
from 25.8 ST to 49.8 ST. The PR in patients with vocal
fold paralysis increased from 16.8 ST to 23.1 ST, but no
significant difference was observed. The PR in patients

with a vocal fold scar was not changed between preinjec-
tion and postinjection (Fig. 4A).

The SFF in all patients significantly decreased from
176.8 Hz to 159.2 Hz. In subgroup analysis, the SFF of
patients with a vocal fold scar and atrophy significantly
decreased from 180.2 Hz to 153.5 Hz and from 193.1 Hz
to 164.1 Hz, respectively. However, the SFF in patients
with vocal fold paralysis did not change between prein-
jection and postinjection (Fig. 4B).

Jitter in all patients significantly decreased from
2.73% to 1.9%. In subgroup analysis, jitter in patients
with vocal fold paralysis and scar significantly decreased
from 2.9% to 2.0% and from 2.7% to 1.1%, respectively.
No significant differences in vocal fold atrophy were
observed (Fig. 5A).

The VHI in all patients significantly decreased from
48.8 preinjection to 34.6 postinjection (Fig. 5B). Sub-
group analysis of the VHI and subgroup analysis of all
parameters in vocal fold sulcus were not performed
because of the small number of patients. There were no
significant differences between the preinjection and post-
injection values of the NHR and shimmer.

To investigate which disease is most suitable to be
treated by a single bFGF injection method, the improve-
ment (i.e., postinjective value–preinjective value) of the
parameters among the diseases was analyzed. The single
bFGF injection method improved the MPTs in patients
with (in increasing order) vocal fold atrophy, paralysis,
and scar. However, no significant differences were

Fig. 3. The preinjective and postinjective values of (A) the maxi-
mum phonation time and (B) the mean airflow rate. All patients
and subgroup analyses are presented. The open bar indicates the
preinjective values, and the closed bar indicates the postinjective
values. *P<.05. **P<.05.

Fig. 4. The preinjective and postinjective values of (A) the pitch
range and (B) the speech fundamental frequency. All patients and
subgroup analyses are presented. The open bar indicates the
preinjective values, and the closed bar indicates the postinjective
values. *P<.05. **P<.05. ST 5semitome.
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observed in the other parameters among patients with
vocal fold paralysis, scar, or atrophy.

To explore the impact of age on the response to
bFGF, the correlation between postinjection improve-
ment and age were analyzed. The improvement of MPT
in all patients was significantly correlated with age: the
MPT was more greatly improved in younger patients.
This means younger cases were more effective than
elder cases (Fig. 6).

DISCUSSION
Vocal fold lesions and paralysis induced severe

hoarseness and were caused by congenital, postopera-
tive, inflammatory, and age-related alterations. The fun-
damental therapy for these diseases is conservative
voice therapy; however, this approach is sometimes inef-
fective for severe hoarseness.22 Several surgical
approaches have been attempted, but the surgical out-
come varies because it depends on an unpredictable
healing process.11 Thus, it is necessary to develop a new
type of treatment. The aim of surgical treatments for
vocal fold lesions has initially been to produce adequate
glottal closure in phonation, but this approach does not
provide sufficient improvement.10

The aim of surgical treatment has recently changed
to stimulating the regeneration of vocal fold struc-
tures.10 This trend is in accordance with recent progress
in medicine. At the end of the 20th century, innovations
in tissue engineering and regenerative medicine aimed
to regenerate lost organs and recover their function. The
principle concept is to regenerate tissue by using cells,
growth factors, and scaffolds. These technologies have

been applied to various disease. Kanemaru et al.23 first
reported the use of bone marrow–derived mesenchymal
stem cell to regenerate injured vocal folds in a canine
model. They reported that the histological and morpho-
logical examination showed these animals had better
wound healing of the injured vocal folds after the injec-
tion. Other investigators report similar results using
rabbit vocal fold scar models.24,25 Rabbit models indicate
that adipose-derived stem cells are a good candidate for
regenerating injured vocal folds.26 However, the clinical
application remains restricted.

Similar to cell therapy, the application of growth
factors is also a promising treatment for vocal fold
lesions. Hirano et al.18,27 demonstrated that hepatocyte
growth factor (HGF) and bFGF stimulated the produc-
tion of HA by vocal fold fibroblasts and reduced collagen
production in an animal model. They also reported that
HGF and bFGF have therapeutic potential for vocal fold
lesions.20,27 Based on these experimental data, a clinical
trial using bFGF was initiated.11 This clinical trial con-
sisted of local four-time injection of bFGF and regenera-
tive surgery using bFGF. Their injection regimen
involved locally applying 10 mg of bFGF in 0.5 mL saline
into each vocal fold under topical anesthesia repeatedly.
The regenerative surgical procedure consisted of dissect-
ing scar tissue and implanting a gelatin sponge with
bFGF. In their study, the injection group showed
improvement in the VHI-10 value and in the subjective
voice quality assessment. The regenerative surgery
group also showed significant improvement in the MPT,
VHI-10 value, and subjective quality assessment.11 This
study is an epoch-making therapy for severe hoarseness
caused by vocal fold lesions, but a single injection
method would spread more easily if it is effective.

In this present study, we increased the case num-
bers and target diseases to add new information to a
previous study.11 Furthermore, to clarify the effect of the
bFGF injection, the regimen unified for only a single
injection, and MPT, MFR, PR, sound intensity, jitter,
shimmer, NHR, SFF, and VHI were analyzed. A signifi-
cant difference was observed between the preinjective
and postinjective values of MPT, MFR, PR, jitter, SFF,

Fig. 6. Analysis of the correlation between the improvement after
a single basic fibroblast growth factor injection and age. In all
patients, the improvement in maximum phonation time is signifi-
cantly correlated with age. The maximum phonation time (MPT)
improved more in younger patients (P<.05).

Fig. 5. The preinjective and postinjective values of (A) jitter and (B)
the voice handicap index. All patients and subgroup analyses are
presented. The open bar indicates the preinjective values, and the
closed bar indicates the postinjective values. *P<.05. **P<.05.
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and VHI. These results indicates that the single injec-
tion method has a similar effect as the four-time
repeated injection method or regenerative surgery used
by Hirano et al.11 for severe hoarseness due to vocal fold
lesions or vocal fold paralysis. It is unclear why a single
injection method has a similar effect as the four-time
injection method or regenerative surgery. Hirano et al.
also stated28 that the number of injections required var-
ied by individual. A single injection was required in two
cases of 10 vocal fold patients, and seven injections were
required in one case.28 Growth factor therapy is consid-
ered to be a “trigger” for jump-starting biological proc-
esses; this may explain why only a few injection of bFGF
solution achieved such drastic effects in most cases.28

Although overlap with part of their studies,11,28 there
are three possible reasons. First, we injected each vocal
fold with a fivefold higher amount of bFGF than was
used in the Hirano regimen. Second, both vocal folds
were injected in most patients. Third, in the single injec-
tion method, bFGF was injected and spread to the whole
SLP, as shown in Figure 1. This injection procedure
would induce a maximum stimulatory effect on fibro-
blasts compared to an injection to the muscle layer.

However, as Figure 6 shows, some elderly patients
do not have significant improvement by the single injec-
tion method. For such failure cases, a repeat injection
may be required.

In subgroup analysis, patients with vocal fold paraly-
sis significantly improved in MPT, MFR, and jitter,
patients with a vocal fold scar significantly improved in
MPT, PR, SFF, and jitter, and patients with vocal fold
atrophy significantly improved in MPT, MFR, and SFF.
Vocal fold sulcus showed no significant difference in any
parameter, although this finding was caused by an insuf-
ficiency in the number of cases and does not indicate inef-
fectiveness of the bFGF injection. Based on these results,
we investigated what disease was the most suitable for
bFGF injection for vocal fold atrophy, paralysis, and scar.
Vocal fold sulcus was excluded because it did not have
enough case numbers for statistical analysis. In this anal-
ysis, bFGF injection improved the MPTs in patients with
(in increasing order) vocal fold atrophy, scar, and paraly-
sis. These results would support that vocal fold paralysis
is a suitable condition for the single injection method.
Improved MPT by the administration of bFGF into the
SLP in patients with vocal fold paralysis was very inter-
esting. Vocal fold paralysis was chiefly characterized with
atrophy of muscle, whereas the mucosa was usually
maintained. Although it is unclear why bFGF worked for
vocal fold paralysis, one possible mechanism is that bFGF
was also absorbed in the muscle and had positive effects
on the muscle. However, further study of a larger case
series is required for a final report, because the number
of cases in each disease is different.

There were no major adverse effects in this series,
although hyperemia of the vocal folds and temporal
rough voice did occur. Because bFGF has a strong effect
on angiogenesis and a blood supply is inevitable for
inducing regeneration, hyperemia is a sign of the regen-
erative effects of bFGF. A rough voice may occur because
of hyperemia or because of the temporal imbalance of

tissue property between the two vocal folds during the
healing process.

CONCLUSION
Thirty-five cases of severe hoarseness caused by vocal

fold lesions and paralysis were treated by the single bFGF
injection method. Significant improvements occurred in
MPT, MFR, PR, jitter, SSF, and VHI. The single injection
method is easy to perform as an office procedure. This
therapy is expected to spread widely, and effective drug
and other procedures are expected to be developed, Fur-
ther subgroup analyses in large case series are required
to determine the most suitable diseases to treat.
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