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Development of an Animal Model for Type II Sulcus (Sulcus
Vergeture)

*Ayşeg€ul Bat{o�glu-Karaalt{n, *Muge Ugurlar, †Necati Enver, *Zulkuf Burak Erdur, *Yetkin Zeki Y{lmaz, and
‡Erol Rustu Bozkurt, *yzIstanbul, Turkey

Summary: Objectives. To develop a reproducible experimental animal model for sulcus vergeture in rabbits.
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Study Design. Experimental animal study.
Material Method. We evaluated three methods of inducing sulcus in twelve New Zealand white rabbits to pro-
duce a sulcus model. Experimental groups comprised: group 1 (n = 4) underwent submucosal injury following
endolaryngeal epithelial incision; group 2 (n = 4) received submucosal injury via thyrotomy; group 3 (n = 4)
received submucosal injury via thyrotomy, followed with horizontal mucosal lateralization suture. Right vocal
folds of the rabbits underwent surgery to produce sulcus vocalis and left vocal folds were used for the comparison.
In the sixth week after the procedure, the rabbits were sacrificed and the larynxes were harvested and analyzed
histopathologically.
Results. No animals in group 1 or 2 developed sulcus vocalis. Sulcus formation was observed in all rabbits in
group 3, under endoscopic examination and microscopic sulcus formation was demonstrated for the first, second,
and third rabbits. An epithelial depression area was seen at the glandular ductal opening zone for the fourth rab-
bit, but it could also be accepted as a sulcus formation.
Conclusion. We successfully developed a reproducible survival model for sulcus using a submucosal injury via
thyrotomy, followed with a horizontal mucosal lateralization suture. This model provides the groundwork for
future research into the applicability of new approaches for sulcus management.
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INTRODUCTION
The term sulcus is used to describe the condition caused by a
groove of the free edges of the vocal folds. This groove indu-
ces a defective area resulting in mucosal stiffness and bow-
ing of the vocal folds during phonation. This condition
leads to glottic insufficiency and decreased mucosal wave
and amplitude.1

The etiology of sulcus vocalis has not been clearly
defined. Whether sulcus vocalis is congenital or acquired
remains controversial.2 To clarify the pathophysiology,
Ford et al3 divided sulcus vocalis into three types: physi-
ologic (type I), sulcus vergeture (type II), and sulcus
vocalis (type III). Type I also known as physiologic sul-
cus is seen in patients with atrophy and is limited to the
superficial layer of the lamina propria (LP). Sulcus ver-
geture (type II) is characterized by an epithelial grooving
that affects entire membranous vocal folds. It often pene-
trates the superficial layer with extensions to the interme-
diate and deep layer.

The majority of cases have a patient history of long-term
hoarseness beginning in childhood, and records from fam-
ily cases indicate that it is a developmental and possibly
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inherited condition. Type III sulcus, configures a more
localized pouch that extends through the vocal ligament or
muscle. This is most likely an acquired phonotraumatic
process, as it is frequently accompanied by inflammation.
To date, this has been the most widely used classification
system.

Both non-surgical and surgical treatment modalities have
been investigated for sulcus. Surgical modalities generally
aim to treat either glottic insufficiency or vocal fold pliabil-
ity or both. There are several options like injection laryngo-
plasty with different materials including autologous fat,4

hyaluronic acid,5 medialization thyroplasty6 resection, and
resections with replacement of the LP with collagen,7 fat,8

autologous fascia,9 and small intestine submucosa.10

Although many surgical treatment approaches for sulcus
exist in the literature, there is still room for new treatment
modalities. For developing better treatment modalities ani-
mal models would be beneficial.

Different animal models, such as bovines, canines, ovines,
pocines, deers, rats, and rabbits have been investigated to
understand physiology of human voice production and sim-
ulate laryngeal pathologies.11-14 Among them, the canine
larynx has been studied extensively owing to its similarity in
size, gross structure, and vibrational characteristics to
human larynx.11 However, considering histology of layered
lamina propria the rabbit vocal fold is more suitable to sim-
ulate human vocal fold pathologies.15,16 In spite of various
animal studies focused on vocal fold scars, there are no
models described for any type of sulcus. Therefore, in our
study, we aimed to create a morphological sulcus experi-
mental animal model in rabbits.
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MATERIAL METHOD
Twelve New Zealand White rabbits (3.5§0.5 kg) were
included in the study. The study was approved by the Ani-
mal Care and Use Committee and the Bioethics Committee
of Bezmialem Vakif University and was performed in the
Bezmialem Vakif University Research Center, Animal
Experiments laboratory. We investigated three different
methods of causing laryngeal injury to establish a sulcus
vocalis formation throughout the research. The following
were the characteristics of the experimental groups: group 1
(n = 4) underwent submucosal injury following endolaryng-
eal epithelial incision; group 2 (n = 4) received submucosal
injury via thyrotomy; group 3 (n = 4) received submucosal
injury via thyrotomy, followed with horizontal mucosal lat-
eralization suture.

The right vocal folds of the rabbits underwent surgery to
produce sulcus vocalis, the left vocal folds underwent no
surgical procedures and these contralateral unoperated
vocal folds were used for the comparison.
FIGURE 1. Illustration of the horizontal mucosal lateralization
suture (A). Extracting the needle tips to the air column near the
vocal process and placement of the suture material in the needle
(B1). Knotting of suture material delivered from both holes (B2).
Sulcus vocalis formation on the right vocal fold (B3). (For inter-
pretation of the references to color in this figure legend, the reader
is referred to the Web version of this article.)
Anesthesia
General anesthesia was ensured with the administration of
7 mg/kg intramuscular xylazine HCl (Rompun 2%, Bayer)
and 35 mg/kg intramuscular ketamine HCl (Alfamine 10%,
Ege Vet). Endolaryngeal examination and all surgical inter-
ventions were performed using a Storz 0° rigid telescope
(Karl Storz, Tuttlingen, Germany) and recorded using por-
table video endoscope system (Euroclinic, Bologna, Italy).
Sulcus modeling
The endolaryngeal approach was used in group 1. A longi-
tudinal mucosal incision was carried out with a sickle knife.
Micro flap was elevated and micro pick was used to perform
submucosal injury. In the other 2 groups, a transthyroid
approach was used. Neck region shaving and disinfection
were followed by the hyperextension of the neck and a verti-
cal midline incision was made in the eight rabbits. Strap
muscles were lateralized and the larynx was carefully dis-
sected from the soft tissue and released. After the thyroid
cartilage was skeletonized, two holes with 2 mm intervals
horizontally were drilled at the level of the vocal fold by
using a 1 mm cutter tip (Medtronic, Minnesota, USA). The
vocal fold level was determined with the line at the midpoint
of the vertical length between the thyroid notch and the
lower border of the thyroid cartilage. The holes were drilled
just under this line. A micro pick was entered through the
drilled holes and carried out to the vocal fold under 0° endo-
scopic vision (Karl Storz, Tuttlingen, Germany). After the
tip of the pick is noticed under the vocal fold mucosa, ante-
rior and posterior horizontal movements were performed
along the vocal fold to create a submucosal scar in the lam-
ina propria. In group 3, after submucosal injury was per-
formed by micro pick via thyrotomy like in group 2, a 22-
gauge black needle was inserted from the frontal hole into
the air column through the vocal fold level under endo-
scopic vision. The suture material 3/0 polydioxanone
(Ethicon, Inc., Somerville, NJ) was inserted into the needle
cannula from the back of the needle tip and was also deliv-
ered endo-larynx (Figure 1A). In the same way, another
needle was inserted from the posterior hole in the thyroid
cartilage to reach the air column from a point close to the
vocal process of the arytenoid cartilage at the vocal fold
level. After the cannula at the tip of the posterior needle
became fully visible under endoscopic vision, the larynx was
reached through the mouth with alligator forceps, and the
suture material that was delivered to the endo-larynx from
the frontal hole was held with forceps and inserted into the
posterior needle cannula (Figure 1A, 1B1). The suture mate-
rial was taken from the back of the posterior needle tip and
the needles were removed from the thyroid cartilage. In this
way, the endo-laryngeal suture material was delivered out-
side of the thyroid cartilage. A sulcus-like 1 mm groove was
formed in the right vocal fold by ligating the suture material
on the right lamina of the thyroid cartilage (Figure 1B2,

1B3). The strap muscles and skin were sutured and antibac-
terial thiaphenicol skin spray (Piyedif, Ceva-Dif) was
administered.

Preoperatively, 20 mg methylprednisolone (Prednol-l
20 mg, MN Pharmaceuticals), and postoperatively, trimeth-
oprim sulfadoxine (Animar 25 mL, Ceva-Dif) was adminis-
tered every second day for 1 week to all rabbits. All rabbits
were given feed and water ad libitum at 45-60% humidity
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and with 12-hour-dark 12-hour-light periods at 21-24°C.
Daily feed and water were added and the rabbits were moni-
tored for the prevention of inflammation and stridor.

After fourth week the rabbits were examined endoscopi-
cally under general anesthesia and sulcus vocalis formations
were assessed in group 3, the old incision line in the neck
area was passed and the suture material was cut out. The
rabbits were followed up for 2 weeks more and then reex-
amined. At the end of the 6 weeks, it was shown that the sul-
cus vocalis formation did not disappear. All rabbits were
sacrificed with 100 mg/kg intramuscular ketamine HCl,
after the skin incision, the larynx was reached and harvested
from under the cricoid cartilage and stored in 10% formal-
dehyde.

The laryngectomy materials that were stored in 10%
formaldehyde were examined macroscopically in the pathol-
ogy laboratory, and the area in which the sulcus was found
from the view of the supraglottic region was marked with
black ink. The laryngectomy materials were cut in 2 por-
tions antero-posterior direction at the middle point of the
sulcus formation that was marked in black macroscopically.
Two paraffin blocks were prepared for each laryngectomy
material. Coronal sections taken from areas colored black
FIGURE 2. Endoscopic view of the sulcus vocalis formation (white ar
larynx that was obtained from middle point of sulcus groove) sulcus voc
vocal fold (Scale bar, 1000 mm) (B). Epitelial invagination, sulcus forma
the sulcus formation (Scale bar, 220 mm) (C). The trace made by the need
formation at the end of the trace (black arrow) (Scale bar, 500 mm) (D). (
reader is referred to the Web version of this article.)
ink were stained with hematoxylin-eosin (H&E) (Merck,
Darmstadt, Germany), evaluated by light microscopy, and
photographs were taken for non-consecutive sections along
the coronal plane of the sulcus vocalis formation.
RESULTS
No animals in group 1 (endolaryngeal submucosal injury)
and group 2 (transthyroid submucosal injury) developed
any sulcus formation. Conversely, endoscopic and micro-
scopic sulcus formations were revealed in group 3 (transthy-
roid subepithelial injury and lateralization suture).
Comparable to the contralateral unoperated vocal fold, sul-
cus vocalis formation was shown by endoscopic images
(Figures 2A, 3A, 4A, and 5A) and histologic sections
(Figures 2B, 3B, 4B and 5B) for group 3 .

In rabbit 1 (group 3), the microscopic examination revealed
that the sulcus vocalis formation was filling the lamina prop-
ria and was in contact with the muscle layer. This image was
evaluated as type II sulcus vergeture. Fibroblast growth and
neo-angiogenesis were followed in the submucosal area at the
depth of the sulcus formation (Figures 2B and 2C). Thyroid
cartilage destruction, the trace made by the needle extending
row) of rabbit 1 (group 3) (A). Coronal histopathologic section of
alis formation in the right vocal fold (black arrow) and normal left
tion, and fibroblast growth in the submucosal area at the depth of
le extending from thyroid cartilage hole to the vocal fold and sulcus
For interpretation of the references to color in this figure legend, the



FIGURE 3. Endoscopic view of the sulcus vocalis formation of rabbit 2 (group 3) (white arrow) (A). Coronal histopathologic section of the
larynx that was obtained from posterior point of sulcus groove, right sulcus vocalis formation (black arrow), and left normal vocal fold
(H&Ex30) (B). Fibroblast growth and neoangiogenesis in the submucosal area of the sulcus vocalis formation (H&Ex50) (C). The trace
made by the needle and sulcus formation at the end of the trace (black arrow) and connective tissue in the ventricle and vocal membrane
just above the trace (right bracket) (H&Ex40) (D). (For interpretation of the references to color in this figure legend, the reader is referred to
the Web version of this article.)
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from thyroid cartilage hole to the vocal fold, and sulcus for-
mation at the end of the trace (Figure 2D) may be an indica-
tor of the assumption of forming a sulcus vocalis.

In rabbit 2 (group 3); microscopic sulcus vocalis forma-
tion which extended into the lamina propria, inflammation
along the trace of needle oriented to sulcus, fibroblast
growth, and neo angiogenesis were seen in Figure 3B, 3C,
3D. The fibrosis following the thyroid cartilage destruction
was lied down between the muscle layers and did not con-
tain glandular structure, unlike the connective tissue in the
ventricle and vocal membrane (Figure 3D). In rabbit 3
(group 3); histologic sections of the larynx revealed that the
sulcus formation was limited to the superficial layer of the
lamina propria (Figure 4B). Inflammation along the trace
of needle oriented to sulcus, fibroblast growth, neo angio-
genesis, and thyroid cartilage destruction was seen
(Figure 4C, 4D).

In rabbit 4 (group 3); the depression in the epithelia was
at the mucosal end of the needle trace that come from the
thyroid cartilage hole (Figure 5B, 5D). Thyroid cartilage
destruction, fibroblast growth, and neo angiogenesis were
also seen in Figure 5C, 5D. An epithelial depression area
was seen at the glandular ductal opening zone but it was the
mucosal end of the needle tract so it could also be accepted
as a sulcus formation.

Microscopic examination of four larynxes in group 3
revealed sulcus formation at the end of the trace made by
the needle extending from thyroid cartilage hole to the vocal
fold (Figure 6, A1-D3). The fibrosis following the thyroid
cartilage destruction was lied down between the muscle
layers and did not contain glandular structure, unlike the
ventricle and vocal membrane. Microscopic examination of
four larynxes in group 2 revealed thyroid cartilage destruc-
tion, the trace made by the needle extending from thyroid
cartilage hole to the vocal fold but no sulcus vocalis forma-
tion with comparing to the contralateral unoperated vocal
fold. (Figure 6, E1-H2). The fibrosis following the thyroid
cartilage destruction was containing fibroblast growth, and
neo-angiogenesis and lied down between the muscle layers,
and did not contain glandular structure, unlike the ventricle
and vocal membrane. Histologic sections of four larynxes in
group 3 revealed fibroblast growth and neo-angiogenesis at
the submucosal area but not thyroid cartilage destruction
and sulcus vocalis formation (Figure 6, 1A-D) Endoscopic
examinations of group 1 and 2 revealed normal endoscopic
vocal fold view for both sides.



FIGURE 4. Endoscopic view of the sulcus vocalis formation of rabbit 3 (group 3) (white arrow) (A). Coronal histopathologic section of the
larynx that was obtained from anterior point of sulcus groove, right sulcus vocalis formation (black arrow) and left normal vocal fold
(H&Ex30) (B). Fibroblast growth and neoangiogenesis in the submucosal area of the sulcus vocalis formation (H&Ex50) (C). Destruction
of thyroid cartilage, fibroblast growth throughout the needle trace and sulcus formation at the end of the trace (arrow) (H&Ex40) (D). (For
interpretation of the references to color in this figure legend, the reader is referred to the Web version of this article.)
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DISCUSSION
The etiology of the sulcus is unclear and highly debated.
There are opposing hypotheses that it is either a congenital
malformation or an acquired disorder by phonotrauma.
Bouchayer et al17 hypothesized that sulcus was a congenital
disorder as a result of faulty development of the fourth and
sixth branchial arches and a consequence of ruptured epi-
dermoid cysts, which consist of keratin fragments. As evi-
dence for their hypothesis, 55% of their patients had early-
onset childhood dysphonia, and 15% had type II sulcus with
the frequent association of cysts or mucosal bridges. Famil-
ial cases also reported for sulcus vergeture which also
increase the possibility of the genetic predisposition for the
disease. This predisposition is also supported by the wide
interval of incidence of sulcus in cadaveric studies in the
literature.2,18,19 On the other hand, increased prevalence of
type III sulcus was shown in professional voice users and
vocal abusers support the possibility of having phono-
trauma one of the factors in sulcus vocalis.20

The heterogeneity and lack of clarity in pathophysiology
make the development of the experimental sulcus model dif-
ficult. It is especially true for a model that mimics the patho-
physiology of the disease. Creating a congenital sulcus
formation as an experimental model or modeling a cyst for-
mation and destruction of the cyst and then waiting for a
sulcus formation is not realistic. Although creating a mor-
phological model is still possible, no studies were exploring
this.

The clinical appearance of a sulcus is strikingly similar to
that of a scar on the vocal folds. Vocal fold scar etiology is
centered on vocal fold abuse and trauma, which are also
key etiologic causes of sulcus. This is especially true in the
case of the sulcus vocalis (type III). Vocal fold scar has been
studied extensively using a variety of animal models, and
the characterization of the vocal scar animal model has
been well described.21,22 These models have been success-
fully utilized and experienced multiple times. Despite the
cumulative experience on vocal fold scarring, there have
been no experimental studies on the sulcus, specifically for
sulcus vergeture, a form of type II sulcus that is morphologi-
cally distinct from scar and type III sulcus.

The goal was to develop an animal model capable of rec-
reating the morphometry of the sulcus on the vocal folds.
To reshape morphometry, surgical manipulation of tissue is
required, which is extremely difficult in the vocal folds. On
the other hand, in order to obtain a reliable animal model,
in our study lamina propria histological architecture is
prominent issue. Considering various animal models in
terms of vocal fold lamina propria, the rabbit vocal fold is
histologically similar to human vocal folds with regard to



FIGURE 5. Endoscopic view of the sulcus formation (white arrow) of rabbit 4 (group 3) (A). Coronal histopathologic section of the larynx
that was obtained from anterior point of sulcus groove, right vocal fold epithelial depression area and ductal opening zone (black arrow)
and left normal vocal fold (H&Ex10) (B). Fibroblast growth and neoangiogenesis (H&Ex50) (C). The trace made by the needle extending
from thyroid cartilage hole to the vocal fold and epithelial depression area and ductal opening zone at the end of the trace ((black arrow)
(H&Ex40) (D). (For interpretation of the references to color in this figure legend, the reader is referred to the Web version of this article.)

6 Journal of Voice, Vol.&&, No.&&, 2023

ARTICLE IN PRESS
differentiated layered lamina propria, in which squamous
surface epithelium lies over dense collagen fibers and loose
connective tissue with deeper thyroarytenoid muscle.16,23

Our experimental study tests three novel methods for devel-
oping a sulcus animal model, specifically mimicking type II
known as sulcus vergeture. To create the sulcus vergeture
model we aim to create controlled scar tissue in the vocal
folds and thus to create a depression. We investigate 3 dis-
tinct approaches to find the optimum model for sulcus ver-
geture. Endolaryngeal mucosal and submucosal damage
was employed in group 1, which is a standard approach for
scar formation. A thyrotomy window was used to perform
a submucosal-only damage in group 2. In the third group,
we used laterization suture to produce a longitudinal depres-
sion on the vocal fold after submucosal damage, which is a
commonly used surgical approach for bilateral vocal fold
paralysis.

The surgical method in group 1 and 2 were not successful
to form sulcus, however transthyroid subepithelial injury
and lateralization suture was effective. The histologic post-
mortem findings demonstrated that this animal model was
successful in developing a morphological model for the sul-
cus. In group 3, for the first three rabbits, we found a sulcus
formation both endoscopically and microscopically. For the
fourth rabbit, an epithelial depression area was seen at the
same area as the glandular duct opening zone and it could
also be accepted as a sulcus formation. The question of
whether the sulcus, shown microscopically in Figures 2B,
3B, 4B, and 5B, reflected the macroscopic views in Figures
2A, 3A, 4A, and 5A. The difference can be explained by the
contraction of the tissue associated with formalin and other
chemical processes. Kansu et al24 stated that the decrease of
vocal fold thickness after formalin fixation was 9-24%, and
after histologic processing, it was 0-14%. Based on this
information, the microscopic views of sulcus formation
were proven to correspond to the endoscopic views.

Phenomenology of the sulcus is not only affected by mor-
phologic changes but also histologic alterations. Sulcus
vocalis is a structural deformity of vocal fold edge resulting
from the increase in collagenous fibers.25 A study by Sato
and Hirano26 established that the thickness of the basement
membrane and decrease in the quality and quantity of elas-
tic tissue were associated with sulcus. Moreover, they found
degeneration of fibroblasts in the macula flavae and
increases collagenase activity. This mechanism is similar to
age-related degeneration of the vocal fold. Increased vascu-
lar ingrowth and fibrosis, and the correlation between the
depth of sulcus and severity of changes in subepithelial tis-
sue were shown in Sato et al’s study.26 The study for the
clarification of histopathologic characteristics of the sulcus



FIGURE 6. Coronal histopathologic sections of the larynxes for group 3 rabbits (A1-D3). Three coronal sections that were obtained from
posterior to anterior direction of sulcus groove for group 3, rabbit 1 (A1-A3), for group 3, rabbit 2 (B1-B3), for group 3, rabbit 3 (C1-C3),
for group 3, rabbit 4 (D1-D3) show normal vocal fold on left side and trace made by the needle from thyroid cartilage hole to sulcus forma-
tion on right side. Coronal histopathologic sections of the larynxes for group 2 rabbits (E1-H2). Two coronal sections that were obtained
from posterior to anterior direction of sulcus groove for group 2, rabbit 1 (E1-E2), for group 2, rabbit 2 (F1-F2), for group 2, rabbit 3 (G1-
G2), for group 2, rabbit 4 (H1-H2) show normal vocal fold on left side and trace made by the needle from thyroid cartilage hole but no sul-
cus vocalis formation on right side. Four coronal histopathologic sections of the larynxes for group 1 rabbits (J-N) show not thyroid carti-
lage destruction and sulcus vocalis formation (each figure shows different rabbit in the group) (H&Ex20). (For interpretation of the
references to color in this figure legend, the reader is referred to the Web version of this article.)
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by Sunter et al showed increased vascularization and fibrosis
and collagen fibers around the lamina propria of the sulcus
region in sections of the fresh cadaveric larynx.19 Also in
our study, inflammation, fibroblast growth, and neo-angio-
genesis were observed. Therefore, we obtained a similar his-
topathologic appearance to the ‘real’ cadaveric sulcus. At
the same time, our endoscopic evaluation revealed an exact
sulcus appearance.

The microscopic images in our model were variable, but
sulcus formations in cadaveric larynx studies have also
shown the same variability.3 Based on our histologic
images, the contralateral unoperated folds have irregulari-
ties, but there are some irregularities in the luminal surface
of the larynx even in human cadaveric sections in the litera-
ture.19 Some of these irregularities are associated with the
invagination of the ventricle or aryepiglottic region in coro-
nal sections. Especially laryngeal ventricle which consists of
connective tissue can be mistaken for sulcus formation with
the indentation to the laryngeal mucosa. Vocal membranes
that variation in vocal fold morphology in nonhuman mam-
mals are thin lightweight upward extensions of the membra-
nous portion of the vocal folds and they consist of
connective tissue without muscle fibers.27 The indentation
of this extension can be mistaken for sulcus formation as
well. In the present study, whole larynx sections were used
to evaluate sulcus formation and show localization. The
discrimination was made by connective tissue of the sulcus
formation that filled the lamina propria and lied down
between the muscle layers, and did not contain glandular
structure, unlike the ventricle and indentation of vocal
membrane The connective tissue was containing fibrosis
and neo-angiogenesis that started depth of the sulcus forma-
tion could be traced until thyroid cartilage hole. Thus, we
could easily trace the sulcus and definitively distinguish the
sulcus from the opposite unoperated vocal fold irregulari-
ties.

Moreover, the localization of the sulcus, which we were
observed endoscopically, was confirmed microscopically as
well. Endoscopic examination of group 3 larynxes revealed sul-
cus formations at the middle of the vocal fold for rabbit 1 (Fig-
ure2A), at the middle-posterior part of the vocal fold for rabbit
2 (Figure 3A), at the anterior part of the vocal fold for rabbit 3
and 4 (Figure 4A and 5A) and the microscopic evaluation of
these larynxes were supporting the localization of sulcus forma-
tion. Sulcus formation was localized as middle and posteriorly,
according to presence of posteriorly located vocal membrane,
ventricle, and large epiglottic view on the histopathologic exam
for rabbit 1 and 2 (Figure 2B, 3B); and sulcus formation was
localized anteriorly according to presence of small epiglottic
cartilage- petiole, and non-presence of ventricle and vocalmem-
brane on the histopathologic exam for rabbit 3 and 4
(Figure 4B, 5B).
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The study has its own limitation, especially with regard
biomechanical features of the developed model. Rheoligic
features of current model was not investigated in our study.
Also, ex-laryngeal laryngeal vibration characteristic of the
current sulcus model was not explored. This raises the ques-
tion of whether the sulci will act similarly to the sulcus ver-
geture in an excised larynx setup. On the other hand, our
technique/model appears to produce variability in scarring
outcomes, not only in terms of scar severity but also in terms
of scar position on the vocal fold surface. Further, discuss if
method 3 results are similar enough to use for studying sul-
cus treatments. Are the differences between able to be iden-
tified microscopically? Obviously, they cannot be examined
histologically until after the model is used for the investiga-
tional treatment.

Sulcus remains one of the difficult pathologies in the lar-
yngology field to treat. And this reminds us the importance
of animal models to study. We expect that our model will
serve as a valuable tool for new and better treatments.
Although the method we developed mimic the morphology
with high success, the study has inherent limitations which
need recognition. Our model is far from mimicking the dis-
ease at the molecular level and this limits our model’s ability
to serve as a testing ground for molecular or rejuvenating
treatments. Future research should be devoted to clarifying
the pathophysiology of the disease and the development of
models that represent the disease at the cellular level.
CONCLUSION
Animal models represent an essential and valuable tool for
studying the pathogenesis and treatment of disease.
Although different methods have been attempted to achieve
sulcus, an intervention method that provides definite results
has not previously been identified. The development of an
experimental sulcus animal model would provide the ability
to establish new treatment techniques. This novel model can
be used in future studies regarding the treatment of sulcus.
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