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Objective: Various materials are used by otolaryngologists for vocal cord injections in the management
of vocal cord paralysis. An ideal injection material
should be long-term effective, readily available, cheap,
easy to prepare, have no donor morbidity, easy to use,
biocompatible, resistant to resorption or migration,
and easy to extract during revision. In this study, we
aimed to see the histopathological effects of hyaluronic acid (HYA) and platelet-rich plasma (PRP) injections into the vocal cords of New Zealand rabbits.
Methods: PRP was injected into the right vocal cords of twelve rabbits, which was prepared from their
serum (PRP group). HYA was injected into the left
vocal cords of first six rabbits (numbered 1-6) (HYA
group), and the left vocal cords of the other six rabbits
(numbered 7-12) were followed with no intervention
(control group). Two months later, histomorphological findings in the vocal cords were assessed by two
experienced pathologists in seven parameters: chronic
inflammation, mucosal atrophy, necrosis, neovascularization, fibrosis, foreign body reaction, and muscular
atrophy. They were scored double-blinded as negative
(0), mild (+1), moderate (+2), and severe (+3). Fisher’s
chi-square test was used to evaluate any statistical significance among the three groups.

Introduction

Different kinds of materials are used by otolaryngologists for injection in the management of vocal
cord paralysis. The first material used for this purpose was paraffin applied by Brüning in 1911 (1).
Later in 1962 Arnold described the polytetrafluoroethylene (PTFE) injection which has been since
commonly used for treating glottic incompetence
(2-4). While chronic inflammation and fibrosis
that develop after injection give the impression of
a mass, this response can sometimes take an uncontrolled path and form giant-cell granuloma
(teflonoma) (5, 6). Issues associated with the use of
teflon has brought about a search for other injection materials since the early 1990s.

Results: Chronic inflammation, mucosal atrophy,
necrosis, foreign body reaction, and muscular atrophy
parameters were scored as “0” for each preparate by
both pathologists. For neovascularization and fibrosis,
a stasistically significant difference was seen among
the three groups (p<0.05). Neovascularization was
increased in the PRP and HYA groups compared
with the control group. No significant difference was
observed in fibrosis when the groups were compared
separately. After two months, two of the six vocal cords injected with HYA revealed HYA; however, none
of the PRP-injected vocal cords showed PRP.
Conclusion: HYA and PRP can be safely injected
into vocal cords. Our findings show that HYA is a
biocompatible and safe injection material for clinical
use. Only two of the six vocal cords showed HYA
at the end of two months, suggesting that HYA is a
short-term effective material. Similarly, PRP was also
shown to be a short-term effective material and can
be used in patients for testing purpose before using a
long-term effective material. The advantages of PRP
are that it is inexpensive, readily available, and completely inert as it is prepared from the subject itself.
Keywords: Vocal cord, hyaluronic acid, platelet-rich
plasma, vocal cord paralysis

Ideally, the injection material should be long-acting, readily available and easy to prepare, not
cause donor-site morbidity, be affordable, easy to
use, tissue compatible and of similar characteristics with the vocal cord, be resistant to resorption
or migration and easy to extract during revision.
Until today, collagen-based products, autologous
adipose tissue, carboxymethyl cellulose, calcium
hydroxylapatite and hyaluronic acid (HA) have
been the short- or long-acting materials widely
used in clinical practice. Materials like embryonic stem cells, various growth factors, micronized
dermis, platelet-rich plasma (PRP) are currently
in experimentation phase. In this study, we investigated the histopathological effects of HA and
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PRP on the vocal cords of rabbits in a controlled comparative
study.

Methods

The study was initiated after approval was obtained from the
Ankara Animal Experimentation Local Ethics Committee
(2015.02.23). Twelve New Zealand rabbits aged 3 to 5 years
and weighing 4 to 6 kg were used in the study. All animals
were treated in adherence to the conditions set forth in the
Guide for the Care and Use of Laboratory Animals (www.nap.
edu/catalog/5140.html).
Rabbits were anesthetized using 5mg/kg intramuscular xylazin
HCL, 45mg/kg ketamin. Vocal cords of the rabbits were exposed with the help of a speculum placed on the mouth and a
0-degree endoscope (Storz endoscope 0 degree, 2.7 mm, Tuttlingen, Germany) was inserted (Figure 1).
PRP prepared from their own serum was injected into the
right vocal cord of all 12 rabbits (Group 1). Of these 12, the
left vocal cord of six rabbits were injected with HA (Restylane,
Q-Med AB, Uppsala, Sweden) (Group 2) and the remaining
six rabbits (rabbits 7 to 12) were monitored as control (Group
3) without injection to the vocal cord.
The rabbits were monitored for two months under conditions
compliant with the guidelines of the ethics committee and without any problems. At the end of the two months the rabbits
were sacrificed and the larynx of each was excised. Larynx tissues were fixed in 10% neutrally buffered formalin for 72 hours
and vertically sectioned in two parts as left and right. The larynx was sampled in the coronal plane on both sides and sectioned into 5-mm slices after routine tissue processing. Samples
were stained with Hematoxylin Eosin and Masson’s Trichrome
(MSC). Histomorphologic findings were evaluated using seven
different parameters, namely: chronic inflammation, mucosal
atrophy, necrosis, neovascularization, fibrosis, foreign body reaction, and muscular atrophy. Fibrosis was examined using MSC
staining. All parameters were scored double blind by two experienced pathologists as follows: 0 negative (-), mild (+1), moderate
(+2), and severe (+3). To achieve statistically significant results,
parameters that had been scored as ‘0’ and ‘1’ were recorded as ‘0’,
and parameters that had been scored as ‘2’ and ‘3’ were recorded
as ‘1’ for statistical comparison. Fisher’s Chi-square analysis was
conducted to see whether there were any significant differences
among the three groups, and chi-square test was performed to
compare two groups at a time in parameters that showed significant differences.
Preparation of platelet-rich plasma
Under general anesthesia, 4cc blood was collected from the
central ear artery of each rabbit into a sterile tube filled with
0.6cc anticoagulant citrate dextrose solution. The collected
blood sample was placed in the centrifugal drum and centri-

Figure 1. Exposition of rabbit vocal cord using a speculum and a
0-degree endoscope

fuged at 1500rpm for 15 minutes to separate the blood into
three layers with the lowermost layer containing the red blood
cells, the middle layer acellular plasma, and the upper layer
plasma. The upper plasma layer was collected into a syringe
and immediately injected into the targeted vocal cord.

Results

Scores recorded by the two observers for the parameters on
each of the preparates were identical for ‘0’ and ‘1’, and no
differences were found between the reduced ‘0’ and ‘1’ scores.
These scores are given in Table 1 (dichotomous values). Chronic inflammation, mucosal atrophy, necrosis, foreign body reaction, muscular atrophy parameters were scored as ‘0’ for each
preparate by both observers. Statistically significant differences
were found among the three groups in two of the parameters:
neovascularization and fibrosis (p<0.05). Compared to Group
3 (control group), neovascularization was seen to have significantly increased in Group 1 (PRP group) and in Group 2 (HA
group). No significant differences were found in two-group
comparisons for fibrosis.
While injection material was observed in two of the six vocal
cords injected with HA, residual material was not observed
in any of the 12 vocal cords injected with PRP. Samples of
histopathological results of all groups are given in Figures
2-4.
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Table 1. Histopathological evaluation scores for each vocal cord by the two pathologists
Group
Nr

Mucosal
atrophy

Chronic
inflammation

Necrosis

Neovascularization

Fibrosis

Foreign body
reaction

Gland
atrophy

Muscular
atrophy

1

0

0

0

1

0

0

1

0

1

0

0

0

0

0

0

1

0

1

0

0

0

1

1

0

1

0

1

0

0

0

1

1

0

1

0

1

0

0

0

1

1

0

1

0

1

0

0

0

1

1

0

1

0

1

0

0

0

1

0

0

0

0

1

0

0

0

1

0

0

0

0

1

0

0

0

1

0

0

1

0

1

0

0

0

1

1

0

0

0

1

0

0

0

0

0

0

0

0

1

0

0

0

1

0

0

0

0

2

0

0

0

1

0

0

0

0

2

0

0

0

1

0

0

0

0

2

0

0

0

0

0

0

0

0

2

0

0

0

1

0

0

0

0

2

0

0

0

1

0

0

0

0

2

0

0

0

1

0

0

0

0

3

0

0

0

0

0

0

0

0

3

0

0

0

0

0

0

0

0

3

0

0

0

0

0

0

0

0

3

0

0

0

0

0

0

0

0

3

0

0

0

0

0

0

0

0

3

0

0

0

0

0

0

0

0

Group 1: Platelet-rich plasma injection; Group 2: Hyaluronic acid injection; Group 3: Control group

Discussion

Phonation is key for effective communication and possible with
fully functioning vocal cords. Functional and morphologic changes
in the vocal cords due to reasons like vocal cord traumas, recurrent
laryngeal nerve traumas during surgery, or radiotherapy can cause
dysphonia. Medialization of a paralytic vocal cord can enhance the
life quality of patients. Ideal injection materials are being explored
in experimental studies for the purposes of clinical use.

Figure 2. Hematoxylin eosin staining of 10th right vocal cord,
x40

Whereas the canine is the most suitable subject model for studies conducted with animals in that their larynx size is similar to
that of humans, the high cost of this model and the need to use
as many subjects as possible, as well as the need for long-term
monitoring for increased reliability has limited its usage in studies (7, 8). To date New Zealand rabbits have been used in many
phonosurgical studies (2, 9, 10).
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Platelet-rich plasma is essentially a concentrate of autologous platelets and rich in PDGF, TGFb1, VEGF and EGF
growth factors produced by these platelets (17). There are
studies demonstrating that each of these polypeptides has
various roles in accelerated wound healing, enhanced immune
response, increased angiogenesis, and enhanced bone regeneration (18-20).

Figure 3. Hematoxylin eosin staining of 4th left vocal cord, x100

Figure 4. Hematoxylin eosin staining of 10th left vocal cord (control),
x40

That HA is readily available and easy to administer, can be
preserved at room temperature, is biocompatible, causes less
immune response, is non-carcinogenic, does not cause infection has made it a commonly used material in both clinical practice and animal model studies (11-16). In this study,
when examined two months after injection, chronic inflammation, mucosal atrophy, necrosis, foreign body reaction or
muscular atrophy in the vocal cords was not observed in any
of the groups including the HA group. Compared to the control group, only increased neovascularization was observed in
the vocal cords injected with HA. These results are consistent
with those of the other studies reported on HA injection and
demonstrate that HA can be used in clinical practice as a
biocompatible and safe injection material (11, 12). That HA
was identified in only two of the six vocal cords at the end
of the two months demonstrated that HA can be used as a
short-acting material.

There are also clinical studies which demonstrate the wound
healing ability of PRP (18, 21-23). In animal model studies,
histologic evaluations have shown PRP to enhance fibroblastic and endothelial cell formation, increase neovascularization and improve granulation tissue formation (18, 2427). An animal model study has histologically demonstrated
the effectiveness of PRP injection in vocal cord wound healing (28). In our study, no chronic inflammation, mucosal atrophy, necrosis, foreign body reaction or muscular atrophy
was identified in any of the vocal cords two months after
PRP injection. With respect to the other parameters, neovascularization and fibrosis, no significant differences were
observed between the PRP and HA groups. These results
demonstrate that HA, like PRP, is a biocompatible and safe
material. Neovascularization was observed to have increased
in the PRP group vs. the control group. This result is consistent with other studies that have shown PRP to increase
neovascularization (18, 24-27).
At the end of two months no residual material was observed in
any of the 12 vocal cords injected with PRP. This result shows
that PRP is a short-acting material and can be a safe option
in short-term administrations for testing purposes before deciding on a long-acting material. The benefits of PRP are its
affordability, availability, and that it does not cause immune
response since is obtained from the organism itself.
Conclusion
Hyaluronic acid and PRP are short-acting, reliable and biocompatible materials that can be clinically used in vocal cord
injections. Apart from the absence of unfavorable outcomes
such as foreign body reaction, inflammation, necrosis, their
ease of access and administration make these two materials
preferable options. Further studies conducted with more subjects and using other injection materials can further orient future clinical practices.
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