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A b s t r ac t
Purpose: To study the efficacy of injection laryngoplasty with hyaluronic acid in unilateral vocal cord palsy with respect to the quality of voice,
symptomatic relief, and longevity of treatment outcome.
Materials and methods: A prospective study was conducted, including 20 patients with unilateral vocal cord palsy. Injection laryngoplasty with
hyaluronic acid was done as an office-based procedure by different approaches. Patients were assessed before the procedure and at regular
intervals for 6 months after the procedure using various voice parameters, viz. GRBAS scale, maximum phonatory time, voice handicap index,
and voice analysis by Dr. Speech voice analyzer software. Laryngoscopy was also done at each follow-up to check for the phonatory gap.
Results: Injection laryngoplasty with hyaluronic acid was done successfully in all 20 patients with complete glottal closure. The thyrohyoid
percutaneous technique was the most preferred approach. All voice parameters showed statistically significant improvement for 6 months.
The phonatory gap closure was almost maintained throughout the period of 6 months, with none having symptoms of aspiration. No side
effects were noted in our study.
Conclusion: Injection laryngoplasty with hyaluronic acid is an effective temporary treatment modality in cases of unilateral vocal cord palsy,
which can give good quality of voice and overcome aspiration for at least a period of 6 months.
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Introduction
Glottic insufficiency is one of the most common voice disorders
encountered in phoniatric practice. It produces a weak, breathy,
hoarse voice with reduced dynamic vocal range. Vocal cord palsy
refers to restricted vocal cord mobility due to neurological causes
leading to severe glottis insufficiency and aspiration. The aim of
surgical treatment is to move the paralyzed vocal cords closer to
the midline, enabling glottal closure during phonation.
Injection laryngoplasty is an office-based procedure for vocal
cord palsy to medialize the cords as described by Bruening in 19111
and developed by Arnold in 1960. The considerations for an ideal
material for injection are easy availability, cost-effectivity, patient
tolerance, resistance to resorption, ease of use, and biocompatibility.2
Over the last few decades, various materials have been used for
augmentation, including teflon, bovine collagen, autologous
collagen, collagen, calcium hydroxyapatite, and autologous fat.
Recently, hyaluronic acid is becoming popular for use in injection
laryngoplasty. It is a natural polysaccharide3–5 with excellent
biocompatibility. The viscoelastic properties best resemble that of
a human vocal fold.5,6 It has low tissue reactivity with no granuloma
formation and limited migration at the injected site. Also, hyaluronic
acid with larger particle size is more durable than one with a smaller
particle size, and can persist for 6 months or longer. Initial research
indicated that hyaluronic acid attracts fibroblasts, which generate
new collagen and extracellular matrix macromolecules, resulting
in endogenous soft tissue augmentation.7-10
This study is to analyze the efficiency of injection laryngoplasty
with hyaluronic acid in patients with unilateral vocal cord palsy in
terms of quality of voice and symptomatic improvement and the
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duration of the effects to facilitate compensatory improvement in
vocal cord palsy.

M at e r i a l s

and

Methods

A prospective study was conducted, which included 20 patients
in a tertiary care center over a period of 2 years. Patients with
unilateral vocal cord palsy willing to participate in the study and
follow-up for 6 months were included in the study. The selection
criteria were as follows:
Inclusion criteria:
•
•
•

Patients diagnosed with unilateral vocal cord paralysis on rigid
laryngoscopy.
Patients are willing to participate in the study.
Patients following up for a period of 6 months.
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Exclusion criteria:
•
•
•

Patients with direct malignant infiltration of the vocal cord.
Patients with cricoarytenoid joint dislocation or fixation.
Patients with vocal cord paralysis for more than 1 year.

A detailed history with a thorough clinical examination
was performed for each patient, and the cause was evaluated.
Preoperative laryngoscopy and acoustic voice analysis were done.
The various parameters noted in the study were:
•

•

•

•

GRBAS scale of the Japanese Society of Logopedics and
Phoniatrics. The scale was first proposed by Hirano in 1981,
which evaluates parameters such as grade of hoarseness (G),
voice roughness (R), voice breathiness (B), asthenic voice (A), and
strained voice (S). Each parameter is estimated on a 4th grade
scale (from 0–3) to describe the intensity.
Maximum phonation time (MPT): The patient is asked to take
a maximal breath and then to phonate a sustained constant
vowel like “a” continuously at a given pitch. Patients with vocal
fold paralysis are expected to have a reduced MPT—generally
<10 seconds and often between 2 and 5 seconds.
Voice Handicap Index (VHI): It is a self-administered quality of
life measure that uses a questionnaire to assess the patient’s
perception of the impact of voice condition on their quality
of life, in terms of physical complaints and restriction in
participation in daily activities.
Objective voice analysis was done with Dr. Speech voice analyzer
software. It is usually measured with the patient phonating a
sustained vowel at a comfortable pitch and loudness. It evaluates
various factors related to the acoustic waveform recorded using
a microphone placed near the mouth. The factors include
fundamental frequency, frequency perturbation measured as
jitter, amplitude perturbations as Shimmer, and objective voice
quality estimation in scales for hoarse, harsh, and breathy voices.

Injection laryngoplasty with hyaluronic acid was done to
achieve adequate medialization. Postoperative 70 degree Hopkins
laryngoscopy, and acoustic voice analysis were done at regular
intervals of postoperative day (D): 1, 15, 30, 90, and 180 days, and
the phonatory gap and all voice parameters were recorded. The
results were compared to the preoperative status and statistically
compared using the student’s t-test for significant improvements.

Technique
The different methods available for injection laryngoplasty are
the percutaneous, transoral, and microlaryngoscopy suspension
methods. The trans-thyrohyoid and transoral have been welldescribed previously.11,12 Percutaneous-thyrohyoid approach was
the most preferred technique for injection laryngoplasty in our
study. The advantage of the technique was that the needle was
under vision throughout the procedure, and better control and
results were achieved.
The patient was anesthetized with 4% lignocaine nebulization
for 15–20 minutes. A total of 10% lignocaine spray was used locally
in the pharynx and nose. Sitting or lying down posture with head
high was given as shown in Figures 1A and B. Fibro-optic flexible
laryngoscope was introduced through one of the nostrils by an
assistant surgeon to visualize the larynx. A laryngeal gargle with
2cc of 4% lignocaine was given.
Thyrohyoid route: 25G 1.5-inch long needle bent twice at
45 degree was used for injection as shown in Figure 1C. It provides

better angulation for needle insertion at the petiole of the epiglottis
and injecting lateral to thyroarytenoid, as shown in Figure 1D.
Hyaluronic acid was injected (1 or 2cc) just lateral to the point where
the transverse line from the tip of the vocal process meets the
superior arcuate line. The aim is to achieve 15–30% overcorrection
in addition to adequate medialization. This technique provides
better consistency and ease for injection and good comfort for the
patient during the procedure. This method was used for successful
injection in 17 patients in the study.
Trans-thyroid approach was restricted by calcified thyroid
cartilage and was more painful. It was done on only one patient
in the study.
Trans-cricothyroid approach was hindered by poor visibility
of the needle as its visualization was obscured by the vocal colds.
None of the patients in the study were injected successfully by
this method.
The transoral approach was used in two patients, as shown in
Figures 2A and C. A specially designed needle was used (Fig. 2B).
Better ease and control of needles were possible.

R e s u lts
Twenty patients of unilateral vocal cord palsy underwent injection
laryngoplasty with hyaluronic acid during the study period. The
mean age of the study population was 50.25 ± 17.80 years ranging
from 26–80 years. There were 15 males and five females. Twelve of
the patients had left-sided palsy and eight had right-sided palsy.
The most common cause of vocal cord palsy in our study was
idiopathic (65%). The duration of palsy for these patients ranged
from 1 month to 1 year. The characteristics of our study population
are summarized in (Table 1).

Procedure Outcome
In our study, all the patients had complete glottis closure after
injection laryngoplasty, as shown in Figure 3. One cc of hyaluronic
acid was injected in all patients except for one patient where 2cc
was needed. The thyrohyoid approach was the common technique
used in 17 of our patients. A 70-degree laryngoscopy was done
for the patients at regular intervals for 6 months. The resultant
phonatory gap was noted. Findings like sagging of arytenoid,
lower lateralized position of the paralyzed vocal cord, and false
cord hypertrophy suggesting compensatory hyper functioning to
vocal cord palsy were not observed during the period of 6 months
follow-up.
Preoperatively, the patients had a large phonatory gap of 2 mm
(50%) and 3 mm (50%). There was immediate complete closure of
the phonatory gap in all the patients. The gap gradually worsened
over the period of 6 months, but the average gap after 6 months was
less than the preprocedure status. There was immediate complete
relief from aspiration in all the patients, which persisted till the end
of 6 months. The laryngoscopy findings showing the phonatory
gap over the 6-month follow-up period are shown in Figure 4. The
average phonatory gap is charted in Figure 5.

Voice Outcome Parameters
GRBAS Scale:
•
•

The scoring is on a scale from 3–15, with 3 being the best. The
scores in our study are as shown in Figure 6.
This data was analyzed statistically with student’s t-test, and the
results were strongly significant (p <0.001) (Table 2).
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Maximum phonation time:
•

The MPT assessment for all the patients is as shown in Figure 7.
The results were analyzed statistically with Student’s t-test and
were strongly significant (p < 0.001) (Table 3).

Voice handicap index:
•

The Voice handicap index (VHI) assessment for all the patients
is summarized in Figure 8. The result was analyzed statistically
with Student’s t-test and was strongly significant (p < 0.001) as
shown in Table 4.

Voice analysis:
•

In our study, a software called Dr. Speech was used to provide
quantitative information for the assessment of voice function,

and the parameters of the samples were compared with the
default as per the software. The data obtained is as in Figure 9.
The parameters that we had considered are:
•

•

Jitter: It is a measure of frequency variation in voice production.
Jitter: The mean scoring preinjection was 1.18, which showed
improvement postinjection with a mean score of 0.49 (POD15)
and 0.46 (POD180). This was analyzed statistically with Student’s
t-test, and the results were strongly significant (p < 0.001).
Shimmer: It is a measure of the amplitude variation in voice
production. The mean scoring preinjection was 8.95, which
showed improvement postinjection with a mean score of 5.34
(POD15) and 5.31 (POD180). This was analyzed statistically with
Student’s t-test, and the results were strongly significant (p < 0.001).

Figs 1A to D: Technique for injection laryngoplasty: thyrohyoid approach

Figs 2A to C: Technique of injection laryngoplasty: transoral approach
24
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Discussion

Table 1: Patient information
A. Age
Years

No. of patients

21–30

5

31–40

3

41–50

0

51–60

7

61–70

2

>70

3

Total

20

B. Sex
Gender
Male

No. of patients
15

Female

5

Total

20

C. Side of palsy
VC Palsy
Left

No. of patients
12

Right

8

Total

20

D. Duration of palsy
Duration

No. of patients

1–2 m

7

3–6 m

12

>6 m

1

Total

20

E. Cause
Cause

No. of patients

Idiopathic

13

Iatrogenic

2

Metastasis

3

Trauma

2

Total

20

F. Procedure
Approach

•

No. of patients

Thyrohyoid

16

Trans-thyroid

2

Cricothyroid

0

Transoral

2

Total

20

Voice quality estimates were in terms of hoarse, harsh, and
breathy in voice on a scale of 0 to 3. The results postinjection
were analyzed using Paired proportion test and were found to be
significant (p < 0.001). The improvement was 80% in hoarseness,
65% in harshness, and 40% in breathiness, as measured on
POD180 (Fig. 10).

This clinical study was done primarily to assess the voice
improvement and symptom relief of the patients after injection
laryngoplasty.
All 20 patients in our study were injected with hyaluronic
acid to achieve complete closure of the phonatory gap (1 mL in
19 patients, 2 mL in one patient). Seventeen patients underwent
injection laryngoplasty by the trans-thyrohyoid route. It was
the most preferred approach in our study. Two patients were
injected by the transoral route and one patient by trans-thyroid
route, as the trans-thyrohyoid route was not possible in these
cases. Postoperative period was uneventful in all patients. All
patients showed immediate improvement in voice and relief from
aspiration postinjection.
No major adverse effects were noted in any of the patients
during the procedure. One patient had leakage of the drug
during injection and had the least improvement in voice. Some
documented adverse effects are inflammatory reaction and swelling
at the aryepiglottic fold/false vocal fold, and breathlessness, as
noted in a study by Reiter et al.13
All patients had symptomatic relief from aspiration and
improved voice for daily conversations during the 6 months of
follow-up. Though there was a decrease in effect in the course of
time, the final outcome was a significant improvement. Hertegård
et al.14 reported that the duration of the effect is about 4–6 months
and that most of the resorption of hyaluronic acid occurred within
6 months after injection. In the same study, a 2-year follow-up of
the patients showed that 25% of the patients had to be reinjected
because part of the hyaluronic acid was resorbed. Enzymatic
degradation might be a cause of the loss of hyaluronic acid. The
location of the injection site also seems to influence the treatment.
In our study, hyaluronic acid was injected just lateral to the point
where the transverse line from the tip of the vocal process meets the
superior arcuate line. The aim is to achieve 15–30% overcorrection in
addition to adequate medialization. The trans-thyrohyoid approach
provided ease for injection and good comfort for patient during
the procedure. Caton et al.15 showed in a rheological investigation
of Restylane that hyaluronic acid offers less resistance to flow and
therefore disappears in a few months’ time.
It has been suggested that early injection laryngoplasty
allows for the vocal fold to be in a more medial position during
synkinetic reinnervation, which then maintains the vocal fold in a
more favorable position permanently.3,16 Alternatively, it has been
suggested that the presence of a temporary injection material
influences fibrosis and allows for the immobile cord to settle in
a more favorable position.3 Friedman et al.16 also suggested that
functional recovery of the injured vocal fold may be influenced by
vibrotactile stimulation from contact with the contralateral cord,
which would otherwise have not occurred during the recovery
period without injection laryngoplasty. It could also be postulated
that the medial position of the vocal fold can prevent poorly
reversible compensatory hyperfunction, which may result in better
long-term voice outcomes.17
The requirement for thyroplasty was avoided in most of our
patients who underwent injection laryngoplasty. Only two patients
required medialization with thyroplasty. These patients had less
improvement in voice and recurrence of aspiration after 6 months
of injection. Two separate studies have now shown a reduced need
for permanent medialization in patients who were injected within
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Figs 3A to B: Injection laryngoplasty with hyaluronic acid for adequate medialization

Fig. 4: Phonatory gap in laryngoscopy over a 6-month follow-up

6 months of the onset of the palsy compared with those receiving
injection 6 months or more after its onset. 3,16
Phonatory gap assessment by serial laryngoscopy is a useful
objective method to trace the amount of hyaluronic acid in
paraglottic space to achieve medialization. In our study, the
preinjection phonatory gap was 2 mm in 50% and 3 mm in 50%.
Postinjection, the reduction in the gap was noted till 6 months in all
patients. The best results were noted on the 15th-day postinjection,
with 95% of patients having a gap of 0 or 1 mm, with relief of
aspiration and improvement in voice. The effect deteriorated
over 6 months due to the slow absorption of the injected material.
The average end phonatory gap at 6 months was 1.35 mm. The
eventual outcome is significant as compared to the preinjection
phonatory gap. In the Rieter et al.13 study, the patient group
with good voice outcomes had a mean glottal gap of 1.1 mm
26

(range: 1–2 mm), and patients with poor outcomes had a mean
of 2.8 mm (range: 1–3 mm).
The quality of voice outcome was assessed in detail using
various parameters in the study. GRBAS scale was used for overall
subjective assessment of voice done uniformly for all patients
by the same surgeon. The preinjection mean score was 12.55,
which showed improvement after injection, with the best mean
score of 6.8 noted on the 15th-day postinjection. The quality
gradually decreased to a mean score of 8.1 at 6 months. Voice
handicap index (VHI) was used as an index to assess the patient’s
satisfactory outcome. In our study, the preinjection mean score
was 84.05, which improved to a mean score of 55.10 at 15 days
postinjection, and 50.15 at 6 months. All patients except one patient
had subjective satisfactory improvement in voice after 6 months.
The MPT also improved for our patients from 3.65 seconds
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Fig. 5: Average phonatory gap over 6 months follow-up

Fig. 6: Average GRBAS scoring in our study

Fig. 7: Maximum phonation time (MPT) for the study population

Fig. 8: Voice handicap index (VHI) of the study population

Table 2: GRBAS: Assessment at study points of patients studied
GRBAS

Min–Max

Mean ± SD

Difference

t-value

p-value

Preop
D1
D15
D30
D90

8.00–15.00
5.00–12.00
3.00–11.00
2.00–11.00
5.00–12.00

12.55 ± 2.44
7.65 ± 2.23
6.80 ± 1.79
6.90 ± 2.27
7.50 ± 2.09

–
4.900
5.750
5.650
5.050

–
9.659
10.243
9.225
8.669

–
<0.001**
<0.001**
<0.001**
<0.001**

D180

5.00–13.00

8.10 ± 2.63

4.450

6.881

<0.001**

** Student t-test ( two-tailed, dependent)
Table 3: MPT: Assessment at study points of patients studied
(seconds)

MPT

Min–Max

Mean ± SD

Difference

t-value

p-value

Preop
D1
D15
D30
D90

2.00–8.00
3.00–13.00
3.00–15.00
3.00–12.00
2.00–12.00

3.65 ± 1.73
6.50 ± 2.69
7.95 ± 3.19
7.20 ± 2.78
6.85 ± 2.81

–
2.850
4.300
3.550
3.200

–
6.190
7.182
6.455
5.666

–
<0.001**
<0.001**
<0.001**
<0.001**

D180

2.00–13.00

6.75 ± 2.81

3.100

5.388

<0.001**

** Student t-test ( two-tailed, dependent)
International Journal of Phonosurgery & Laryngology, Volume 12 Issue 1 (January–June 2022)
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Table 4: VHI: Assessment at study points of patients studied
VHI

Min–Max

Mean ± SD

Difference

t-value

p-value

Preop
D1
D15
D30
D90

44.00–101.00
40.00–88.00
26.00–78.00
22.00–70.00
22.00–71.00

84.05 ± 16.29
63.80 ± 19.65
55.10 ± 17.87
44.10 ± 14.95
47.10 ± 13.05

–
20.250
28.950
39.950
36.950

–
5.505
9.389
10.148
10.557

–
<0.001**
<0.001**
<0.001**
<0.001**

D180

18.00–75.00

50.15 ± 14.11

33.900

8.750

<0.001**

** Student t-test (two-tailed, dependent)

Fig. 9: Dr. Speech voice analysis software

to 6.75 seconds at 6 months. The best MPT was 7.95 seconds on
15th-day postinjection.
Voice quality parameters were analyzed with Dr. Speech
voice analysis software. In the Dana et al. study,18 the Jitter score
compared in patients before vocal cord palsy was 0.71 seconds, and
after palsy was 6.6 seconds. The improvement in terms of amplitude
and frequency of voice in our study was statistically significant. The
improvement was 80% for hoarseness, 65% for harshness, and 40%
for breathiness as measured after 6 months.
This is one of the few studies which analyzes the quality of
voice after injection laryngoplasty with hyaluronic acid. Different
parameters like GRBAS scale, MPT, VHI, Jitter, Shimmer, qualitative
analysis with a voice analyzer were done at regular intervals to
evaluate the voice quality. In our study, we were able to achieve
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a significant voice quality improvement during recovery for all
20 patients for at least 6 months. All patients were relieved of the
symptom of aspiration.
Injection laryngoplasty within 6 months of the onset of the
palsy is considered the ideal time to provide the best possible
outcome. This was well proven in our study, with patients having
the best possible outcome when the procedure was done as
early as possible. Permanent compensatory hyper functioning of
the larynx occurs following vocal cord palsies like sagging of the
arytenoid, lower lateralized position of the paralyzed vocal cord,
and false cord hypertrophy. None of the patients in our study were
found to have these changes during rigid laryngoscopy on regular
follow-up. The need for future open thyroplasty was avoided in
most cases.
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Figs 10A to E: Voice analysis parameters

C o n c lu s i o n
Injection laryngoplasty with hyaluronic acid is a simple, feasible,
and effective office-based procedure for the treatment of
unilateral vocal cord palsy. It is also an effective temporary
treatment modality to overcome aspiration and provide good
voice quality.
The voice quality improvement following injection is statistically
significant for at least a period of 6 months with no serious adverse

effects. Thus, hyaluronic acid has excellent biocompatibility and
low tissue reactivity and provides prolonged benefit from injection
laryngoplasty in unilateral vocal fold palsy patients.
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