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Abstract

ment after CaHA injection.

a long period.

Background: Vocal-fold augmentation is a continuously developing treatment modality for glottic insufficiency.
Patients with glottic insufficiency attend the phoniatrics clinics with increasing frequency. Glottic insufficiency may be
due to vocal-fold paralysis, paresis, atrophy, sulcus vocalis, scarring, and vocal-fold deficiency after laryngeal surgery.

A variety of materials exist for injection augmentation. This follow-up study aimed to assess the short-term as well as
long-term outcomes of vocal-fold injection with calcium hydroxyapatite (CaHA) in patients with glottic gap 1-3 mm.

Method: This study included 25 patients with glottic insufficiency who underwent injection augmentation with
CaHA. All patients were scheduled for voice evaluation using a comprehensive subjective and objective battery of
assessments. Assessments were performed before the procedure and after the procedure at 2 months and at 1 year.

Results: Perceptual voice quality assessed with the GRBAS scale improved and the results were stable after 1 year.
Shimmer and HNR improved continuously through the follow-up sessions, while jitter and fO showed slight improve-

Conclusion: Voice improvement after injection of CaHA requires a minimum of 2 months to develop and may last for
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Background

Vocal fold augmentation (VFA) was first described
by Breuning in 1911 and has since been an outstand-
ing treatment for glottal insufficiency (GI) [1]. GI is one
of the most common presentations in phoniatrics and
ENT departments which causes dysphonia, impaired
cough, vocal fatigue, and aspiration. One of the major
causes of GI is presbylaryngis [2]. As the geriatric popu-
lation increases, the number of patients suffering from
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dysphonia due to vocal-fold atrophy will increase [1].
Another major cause for GI is unilateral vocal fold paral-
ysis (UVEP), especially the iatrogenic form (ex. secondary
to thyroid and spinal decompression or endarterectomy
surgeries) [3, 4].

VFA has evolved with advancing technology. For
example, HD chip-on-tip flexible laryngoscopes and
awake in-office techniques have become increasingly
used in addition to the standard suspension laryngo-
scopic technique [1]. Over the past decades, office-
based VFA performed under local anesthesia has
become more popular, as it provides direct feedback
concerning voice quality and vocal-fold closure [5],
avoids the risks of general anesthesia, and has cost
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and time benefits. Furthermore, an awake trial aug-
mentation allows the patient to observe the degree of
improvement and to decide upon further permanent
augmentation, thyroplasty, or both [3].

Several injectable materials have been developed to
eliminate the side effects of older materials such as Tef-
lon, silicone, and paraffin, which can cause granuloma
formation. The injectable material should be inert (to
decrease fibrosis), resistant to migration or resorption,
easy to use (requires only simple preparation), and should
maintain the physical properties of the vocal folds [6].
The sustainability of the augmentation varies according
to the injectable. The range of currently used materials is
growing and includes hyaluronic acid (HA) (Restylane®),
autologous fat or fascia, carboxymethylcellulose, micro-
nized acellular dermal matrix (Cymetra®), and calcium
hydroxyapatite (CaHA, Radiesse®) [7].

The choice of injected material is determined according
to the VFA indication. For example, temporary augmen-
tation is employed in the case of acute unilateral vocal-
fold paralysis or paresis, as spontaneous recovery could
occur within 6 months post-onset. In this case, collagen,
HA, or Radiesse Voice Gel would be the most effective
treatment choice [8]. On the other hand, permanent VFA
is employed for permanent causes of mild-to-moderate
glottal insufficiency, such as vocal-fold atrophy, paraly-
sis, and paresis. In this case, results obtained with CaHA,
autologous fat or fascia injections are acceptable [9].

These materials vary in properties and advantages.
Both fat and fascia are autologous graft materials that
are tolerable in the vocal-fold tissue. However, the dura-
tion of autologous fat outcomes is controversial as this
is a highly absorbable material. Autologous fascia has a
slower absorption rate [10]. One disadvantage of autolo-
gous fat augmentation is that it requires direct laryn-
goscopic administration and hence requires general
anesthesia [11]. Although fascia can be injected under
local anesthesia by an experienced physician, this is usu-
ally reserved for patients with a general condition that
does not allow general anesthesia [12].

CaHA is a biocompatible, Food and Drug Administra-
tion (FDA)-approved injectable that has a long-lasting
effect [13]. CaHA can be injected in an office-based set-
ting while the patient is awake [14].

Several researchers have reported positive short-term
results (3—6 months) for CaHA injection. A study per-
formed by Singh and Gupta assessed the short-term
acoustic outcomes of VFA with CaHA and revealed sig-
nificant improvement 3 months after injection [9].

Another study showed gradual improvement until
6 months in an Asian population [6]. However, few
long-term studies have been performed to compare
the efficacy of CaHA injection to other methods of
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augmentation using subjective methods and videostropo-
scopy [15].

This study assessed the videoendoscopic findings and
acoustic characteristics of voice outcomes with CaHA at
2 months and 1 year post-injection among patients with
GI due to UVEP or vocal-fold atrophy.

Methods

Study population

This study included 25 patients (15 males and 10 females)
who presented with dysphonia due to UVFP or VF atro-
phy and were treated with VFI using CaHA (RENU
VOICE®) in the Department of Otorhinolaryngology-
Head and Neck surgery of Helsinki University Hospital,
Helsinki, Finland. The inclusion criteria were age > 18
years with glottal gap 1-3 mm. The glottal insufficiency
caused by unilateral vocal-fold paralysis or vocal-fold
atrophy with UVEP of < 1 year duration. Exclusion crite-
ria were hypersensitivity to local anesthetics, and paraly-
sis > 1 year due to any cause. Approval from the research
Ethics Committee was issued by Helsinki University
Hospital.

Methodology

All patients underwent evaluation before surgical treat-
ment, including laryngovideostroboscopy (LVS), per-
ceptual voice assessment, and acoustic voice analysis.
The laryngeal view in quiet respiration and in sustained
phonation of the vowel /e/ was documented by videos.
The stroboscopic findings were analyzed and subjectively
assessed for the glottic closure, the shape of the glottal
gap, the vocal folds movements, symmetry, regularity,
the presence of mucus and its adhesion as well as the dif-
ferences in the vocal folds’ positions using the institute
endoscopic assessing form. The glottic closure, the shape
of the glottal gap and symmetry of vibrations are dis-
cussed in the in the results’ section while other parame-
ters without significant changes are mentioned separately
in supplementary tables (Supplementary Tables 1, 2, and
3).

Patients’ voices were assessed with the GRBAS scale of
the Japanese Society of Logopedics and Phoniatrics [16].
The audio of voices was anonymized and randomized
prior to the evaluation and two experienced speech ther-
apists assessed them blindly then, the score was averaged.

Objective acoustic voice analysis was performed with
Praat version 6.0.19 [17]. Three samples of the sustained
/ae/ sound at 60, 70, and 80 db and a mean of the three
consistent trials was calculated for each of the parame-
ters assessed. Also, a part of a story—to calculate speak-
ing FO—was used for analysis. All the voice samples
were recorded with a microphone at a fixed distance
for all patients in a sound-isolating cabin. The average
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fundamental frequency, jitter, shimmer, and HNR were
calculated.

The same battery of investigations was performed at 2
and 12 months after injection.

Injections were performed with the patient in the sit-
ting position under local anesthesia. The more patent
nostril was anaesthetized with nafatsolin followed by
a xylocaine spray in the mouth and throat and applica-
tion of lidocaine 4% over the vocal folds and supraglot-
tic structures. The patient was asked to hold their breath
during administration of anesthesia and then phonate
“ee” such that the anesthetic spread all over the glottis
and supraglottic space. The larynx was completely numb
within minutes.

Augmentation was performed in all patients trans
orally where the patient’s tongue was held out while a
syringe with CaHA was introduced through the oral cav-
ity. The needle was designed to be inserted through the
pharynx to the larynx appropriately with the help of a
flexible nasofibroscope. All injections were performed in
deep musculature. The mean injected CaHA volume was
0.45 £ 0.2 ml (in each side in VF atrophy and in the para-
lyzed side in UVEP); however, each injection volume was
specified according to the condition of the vocal folds
and the immediate improvement observed during the
procedure.

Immediately after injection, patients were observed for
15-30 min for signs or symptoms of respiratory distress,
airway compromise, skin hematoma, or epistaxis. As
laryngeal anesthetic may increase propensity for aspira-
tion, patients were instructed not to eat or drink for 1-2
h after the procedure. Absolute voice rest for the first 48
h following vocal-fold injection was required to avoid
superficial hemorrhage and premature material extru-
sion. A 1-week sick leave was also required if the patient
had a voice-demanding job. No complications were
observed after injection.

Statistical analysis

Data were analyzed using IBM SPSS software package
version 25.0 (Armonk, NY: IBM Corp.). Qualitative data
were described using numbers and percentages. The Kol-
mogorov-Smirnov test was used to verify the normality
of distribution. Quantitative data were described using
range (minimum and maximum), mean, standard devia-
tion, and median.

Results

General characteristics

The study population consisted of 25 patients (mean age
65.3 + 17.0 years). Of these, 17 had vocal-fold atrophy,
6 had UVFDP, and 2 patients suffered from both (Fig. 1).
The patients had no other illnesses; 4 patients were on
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Fig. 1 Etiologies of glottal insufficiency

thyroxine medication. Pre-injection and 2-month post-
injection assessments were performed on 25 patients.
Sixteen patients had an additional assessment after 1
year.

Analysis of voice quality

GRBAS scale

Overall, VFA using CaHA in patients with glottal insuf-
ficiency improved perceptual voice quality as assessed by
the GRBAS scale. The greatest change and best results
were obtained for the breathiness “B” (which indirectly
describes the degree of glottal closure), which were sta-
tistically significant after 2 months (P = 0.03) and after
1 year (P = 0.04). The grade “G” was also significantly
improved after 2 months (P = 0.001) and after 1 year (P
= 0.03) of follow-up. Roughness “R” (P = 0.03), astheny
“A” (P = 0.005), and strain “S” (P = 0.03) were signifi-
cantly changed after 2 months (Fig. 2).

Acoustic analysis

As seen in Table 1, acoustic analysis revealed a statisti-
cally significant decrease in shimmer from the pre-
injection recording to the post-injection recording after
2 months and further at 1-year post-injection. The har-
monic-to-noise ratio (HNR) also improved significantly
throughout the observation period and reached maxi-
mum improvement at the 1-year follow-up. Fundamental
frequency and jitter analysis showed minor improvement
after 2 months. Six patients (4 with vocal-fold atrophy
and 2 with UVFP) did not have acoustic improvement
even though glottic closure improved as observed by
laryngoscope.

Video laryngoscopy
Only 14 patients attended the videoendoscopic follow-up
1 year after injection (Table 2).
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Fig. 2 GRBAS scale mean values before injection and 2 months and 1 year after injection.

Table 1 Acoustic analysis

Pre-injection

2 months post-injection

P value 1 year post-injection Pvalue
(16 patients)

Fundamental fre-

quency (F0)
Male (15)

160.6 £ 65.76
Female (10)

2342 £ 36.14
Jitter 1.079 £ 0.89
Shimmer 5822 +3.015
HNR 17.692 £+ 5.22

(15)
1504 £ 58.14

(10)
231543917

0.949 £ 0.69
4.909 £ 339
19.576 £ 4.88

032 Pre-injection Post-injection 0.049'
©) ©)
1732 £ 8321 165.0 £ 73.94
@) %
248.1 +34.37 2127 +£19.76
0.25 1.07 £0.93 064 £0.27 0078
0.047 592 +341 3936 + 1.869 0014
0.03 17.96 £+ 5.812 21.94 +£3.823 0.007

Table 1 shows a comparison between pre-injection and 2 months post-injection for 25 patients and another comparison between pre-injection and 1 year post-
injection for the 16 patients who attended the 1 year follow-up assessment. Data are presented as mean values and standard deviation. HNR harmonic-to-noise ratio.
Student’s paired t test was used

" Wilcoxon signed-rank test

Table 2 Glottal closure: assessment of the glottal gap on the

base of laryngovideostroboscopy

Pre 2 months 1 year
post- post-
injection injection

Straight VF edges 3(12%) 19 (76%) 8(57.1%)
Open posterior gap 1 (4%) 0 (0%) 0 (0%)
Irregular glottis during phonation 1 (4%) 0 (0%) 0 (0%)
Curved VFs 9(36%) 3 (12%) 3(21.4%)
Glottal incompetence 11 (44%) 3 (12%) 3(21.4%)
Total 25 25 14

Glottal closure

Before injection, all patients had glottic gaps that
improved (completely or partially) immediately dur-
ing the procedure. Curved-shaped VFs remained in 3
patients, and 3 patients with UVFP partially remained
away from each other during adduction (Fig. 3).

Symmetry of vocal fold vibrations
In pre-injection endoscopy, 24% of the patients had asym-
metrical VF vibration. During the 2-month follow-up,
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Fig. 3 Case rt vocal-fold paralysis pre- and post-injection. A, B The laryngoscopic examination pre-injection, A during adduction with evident
glottal incompetence and B during abduction. C, D are from the 2-month follow-up; the glottis is completely closed with resolved glottal
incompetence in C and during abduction in D. E, F From the 1-year follow-up visit, indicating that the injection is still effective

F

this percentage decreased to 8% (only 2 patients with
UVFP had asymmetrical vibrations). The outcomes
remained the same during the 1-year follow-up.

Discussion

Improving quality-of-life through having a clear recog-
nizable voice has currently become a principal goal for
vocal-fold injection. As time passes, both the injectable
materials and the injection techniques are evolving [18].

The present study was designed to assess acoustic
voice quality and videoendoscopic findings of tempo-
rary augmentation with CaHA injection among patients
attending the Department of Otorhinolaryngology-
Head and Neck Surgery at Helsinki University Hospital
who fulfilled the inclusion criteria. Our study included
25 patients who were all treated by vocal-fold augmen-
tation by CaHA via the peroral approach under local
anesthesia. The results revealed substantial improvement
in glottic closure and gradual improvements in acoustic
parameters, especially shimmer and HNR (statistically
significant), which continued to peak at 1 year after the
procedure, and overall improved perceptual voice quality
as assessed by GRBAS scale.

CaHA is one of the synthetic materials used here that
is found as an essential component of bone and teeth
[13]. Although there has been a case report of an inflam-
matory response in a patient after CaHA injection [19],
clinical studies have shown that CaHA leads to minimal

inflammatory responses and has no signs of toxicity [20,
21].

No immunologic responses or CaHA migration were
recorded in a study conducted by Chhetri et al. on his-
tologic changes and mucosal wave vibrations in canine
larynges at 12 months after injection [22]. In conjunction
with these previous studies, our study revealed that none
of our patients experienced acute adverse reactions such
as dyspnea, bleeding, hematoma, or allergic reaction to
CaHA.

Vocal-fold edge, glottal configuration, and vibratory
amplitude are key factors observed during stroboscopy
that affect voice quality [18, 19]. A limited number of
studies have compared these parameters for CaHA injec-
tion. However, some studies revealed statistically signifi-
cant improvements in these parameters post-injection.
For example, a study done by Singh et al. showed com-
plete glottic closure in 91.7% of patients 3 months post-
injectio n[9]. Another one done by Woo et al showed the
same results in 73.3% of patients after 3 months as well
[18]. Also, a study made in by Hassan et al. showed that
patients with unilateral VF immobility and VF atrophy
showed improvement of glottal closure, mucosal wave,
and amplitude after injection with CaHA without any
change in mucosal wave and amplitude 3 months after
injection [23].

Our results are consistent with these studies, as 19
patients (76%) and 9 patients (57.1%) had straight VFs
after 2 months and after 1 year, respectively.
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Differences in GRBAS parameter values before and
after injection were statistically significant for each eval-
uated period, with best outcomes in breathiness. Our
results are consistent with an earlier study, where the
GRBAS scale of all patients exhibited significant changes
in degree of severity (1.8 & 0.6 pre-injection, 1.5 + 0.8 1
month after injection, 1.0 £ 0.7 6 months after injection),
roughness (0.8 £ 0.6 pre-injection, 0.4 £ 0.5 1 month and
6 months after injection), and breathiness (1.8 4 0.8 pre-
injection, 0.6 & 0.6 1 month after injection, 0.9 + 0.6 6
months after injection) [11].

In this study, the parameters for correlates of dysphonia
severity (Fundamental Frequency (FO0), jitter, shimmer,
and HNR) were also tested. FO is found to be elevated
in patients with breathy voice when compared with
their age- and sex-matched controls. The jitter increases
mainly by the lack of control vocal folds’ vibrations while
the shimmer value change with the reduction of glottal
resistance and mass lesions on the vocal fold. Our study
showed statistically significant improvement in shimmer
and HNR at the 2-month post-injection follow-up in 19
out of 25 (76%) cases of vocal-fold insufficiency. Although
FO and jitter improved, these were not statistically sig-
nificant. These data are consistent with Singh et al., who
observed improvement in all acoustics parameters in 11
out of 12 cases 3 months post-injection (P = 0.001) [9].
Another study revealed statistically significant changes in
mean shimmer (10.3 pre-injection to 5.3 2 months after
injection) in paralytic patients and in atrophic patients
(8.3 to 3.8), and in NHR (0.9 to 0.2) while Jitter changed
from 5.2 to 2.2 in patients with UVFP and from 4.8 to 2.2
in patients with VF atrophy [23].

Based on the previous results, CaHA injection effects
could last for a long term which is published only in a
few number of articles. The sustained effect of injection
could be related to the sustained release from the carrier
particles and the subsequent resorption of the material.
This could be supported with the findings in a study con-
ducted by Shiotani et al. in which minimal absorption of
CAHA was observed on computed tomography scans up
to 2 years after injection [24]. Another study conducted
by Rosen et al. stated that the number of patients that
require further treatment after 3 or 6 months of CaHA
injection is less than that after 1 year and it was suggested
that it could be due to the biologic activity of the injected
particles [25].

We investigated possible reasons for why a small
proportion of patients did not exhibit acoustic voice
improvement after injection. In Helsinki University
Hospital, among 400 vocal-fold insufficiency patients
treated with VFA (either with CaHA or HA), there were
6 patients who did not improve with straindness increas-
ing. These patients did not have acoustic improvement
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even though glottic closure improved as observed by
laryngoscope. This may be due to the development of
compensatory mechanisms (such as a marked activa-
tion of plica ventricularis) in spontaneous speech, due
to overactivation of the plica ventricularis. Subsequent
treatment depended on waiting for the injected material
to resolve and on voice therapy using a resonance tube
[personal communications, Geneid A. 2020].

Limitations

The number of UVEP patients was relatively small. We
could have benefited from another follow-up assessment
at 6-month post-injection. Further, not all patients had
their voice quality fully evaluated according to the Euro-
pean Laryngological Society (ELS) protocol in their three
visits (pre-injection, 2 months, and 1 year post-injection).
The ELS protocol includes perception, videostroboscopy,
acoustic analysis, and aerodynamic and subjective rating
of voice quality.

Conclusion

This study supports the safety and efficacy of office-based
injection for patients with glottal insufficiency due to
UVEP or atrophy. CaHA is a stable injectable material
that can be effectively used for vocal-fold augmentation
with a low complication rate. A minimum of 2 months is
required for evident improvement in acoustic parameters
of the patient’s voice. With CaHA, the improvement may
last for a year as assessed by outcomes especially in terms
of acoustic correlates of voice. Further investigations on
the timing and role of reinjection in patients with poor
results are recommended to develop clinical guidelines
for these patients.
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