
Annals of Otology, Rhinology & Laryngology
 1 –8
© The Author(s) 2015
Reprints and permissions: 
sagepub.com/journalsPermissions.nav
DOI: 10.1177/0003489415601685
aor.sagepub.com

Original Article

Introduction
Vocal fold scar, sulcus vocalis, and atrophy of the superfi-
cial lamina propria (SLP) are known to cause dysphonia 
and have a significant impact on quality of life.1-4 These 
conditions are related to a superficial lamina propria that is 
deficient, disorganized, fibrotic, or combination thereof. 
This leads to inhibition of normal vocal fold vibration, 
causing abnormal phonation.1,5-9 Despite a considerable toll 
on quality of life, optimal treatment for these disorders has 
yet to be developed and standardized, with voice therapy 
and vocal fold injection currently being the mainstay of 
treatment.3,10

Several surgical procedures have been described as treat-
ment for vocal fold scar, but none are optimal.11-15 Of par-
ticular interest is the ability to implant material in the 
superficial lamina propria, to promote vocal fold tissue 
regeneration, with resultant normal anatomy absent of 
fibrosis. Various combinations of vocal fold implants have 
been employed, with implantation of autologous temporalis 
fascia holding the most promise; however, treatment out-
comes are still suboptimal, and postoperative vocal recovery 
is prolonged.16-22

A candidate implant for investigation is small intestinal 
submucosa (SIS). This is a porcine-derived extracellular 
matrix that has been shown to promote tissue-specific growth 
and differentiation across various applications.23 Multiple 
studies have demonstrated that SIS contains key elements 
responsible for normal tissue regeneration, including: colla-
gen, proteoglycan glycosaminoglycan, glycoprotein, vascu-
lar endothelial growth factor (VEGF), transforming growth 
factor-beta (TGF-β), basic fibroblast growth factor (bFGF), 
and epidermal growth factor (EGF).24-26 Small intestinal sub-
mucosa has been successfully applied to over 1 million 
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Abstract
Objectives: Evaluate the histologic effects of grafting porcine-derived small intestinal submucosa (SIS) into the vocal fold 
superficial lamina propria (SLP) layer for the potential treatment of vocal fold scar, sulcus and superficial lamina propria atrophy.
Methods: Small intestinal submucosa was implanted into the right vocal fold SLP of 6 mongrel dogs. The left vocal fold 
served as a sham surgical control. At 2, 4, and 6 weeks postoperative, bilateral vocal fold specimens were evaluated 
histologically.
Results: At 2 and 4 weeks, respectively, SIS-implanted vocal folds demonstrated moderate and mild inflammation and 
acute and chronic inflammation. At 6 weeks, inflammation was minimal and chronic. The 6-week specimens showed 
copious amounts of newly generated hyaluronic acid (HA) within the graft. There was no reactive fibrosis at 6 weeks.
Conclusions: In the canine model, SIS appears safe for SLP grafting. Inflammation is similar to that of sham surgery. Small 
intestinal submucosa results in newly generated HA without concomitant fibrosis. Small intestinal submucosa has potential 
to be used in treatment of disorders with SLP, including vocal fold scar, sulcus, and atrophy. Studies evaluating the effect 
of SIS implantation on vocal fold function, as well as the ultimate fate of the graft, are required.
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patients in vivo for bladder, dural, gingival, pericardial, 
abdominal, and skin defects and to animals in vivo for ure-
thral strictures, abdominal body wall defects, partial and full 
thickness skin defects, and lower urinary tract defects.27-33

Given the previous applications of SIS, the presence of 
key growth factors in the material, and its ability to promote 
tissue-specific growth and differentiation, we hypothesized 
that SIS could promote superficial lamina propria regenera-
tion, with the potential to restore normal vocal fold function 
in disease such as vocal fold scar, sulcus and SLP atrophy. 
Given the prevalence of this subset of vocal fold disease 
and the current lack of optimal treatment, we embarked on 
a pilot animal study to evaluate implanting SIS into the SLP. 
The specific aim of this study was to perform an in vivo 
animal investigation to evaluate histologic changes in the 
vocal fold over time due to the implantation of Cook 
Biotech’s 4-layer SIS product into the uninjured vocal fold 
SLP of mongrel dogs.

Materials and Methods
This study was performed in accordance with the Public 
Health Service Policy on Humane Care and Use of 
Laboratory Animals, the National Institutes of Health Guide 
for the Care and Use of Laboratory Animals, and the Animal 
Welfare Act (7 USC et seq). The Institutional Animal Care 
and Use Committee of New York Medical College approved 
the animal use protocol. All surgeries were conducted by 
the senior author (M.P.) and the second author (J.C.) at New 
York Medical College’s Central Animal Facility, under the 
supervision of a veterinarian and trained ancillary animal 
care staff.

Six USDA-certified mongrel dogs were obtained 
(Covance Research Products, Cumberland, Virginia, USA). 
These dogs were subject to full examination and verifica-
tion by a licensed veterinarian upon arrival to the facility 
and were aged 12 to 14 months at the time of initial proce-
dure and weighed 26 to 30 kg. The 6 dogs were randomly 
divided into 3 groups of 2 dogs, with each group assigned to 
a specific incubation time and endpoint of 2, 4, or 6 weeks.

Surgery
The first stage of the experiment involved a standard laryn-
gofissure, to obtain exposure of both true vocal folds. The 
procedure was performed under general anesthesia with 
orotracheal intubation (Acepromazine 0.1 mg/kg, Propofol 
200-300 mcg/kg, Isoflurane 1%-3%, administered by 
licensed veterinary staff), using sterile technique, in a fully 
accredited animal operating room within the Central Animal 
Facility of New York Medical College. A brief description 
of the surgical procedure is as follows: a verticle neck inci-
sion was made and subplatysmal flaps were raised. The 
strap muscles were separated in the midline, exposing the 

thyroid cartilage. A laryngofissure was made by carefully 
incising the midline cartilage down to endolaryngeal 
mucosa. The mucosa was then cut from inferior to superior, 
from inside-out, through the midline of the anterior com-
missure under direct vision, retracting the 2 halves of the 
thyroid ala with a Kelly clamp. A longitudinal incision was 
then carefully made with a No. 11 blade in the inferior 
aspect of the epithelium on the medial surface of the right 
vocal fold. A duckbill elevator and gimmick were used to 
elevate the epithelium as in a microflap procedure, and a 
pocket was created in the SLP for placement of the SIS. The 
pocket area was approximately 60% of the membranous 
vocal fold. For implantation, 2 by 6–cm sheets of Cook 
Medical’s 0.1-mm thick porcine-derived SIS Biodesign 
4-Layer Tissue Graft were used (Cook Medical, 
Bloomington, Indiana, USA). They were cut to size intraop-
eratively so as to fill the pocket when laid flat. A single 
piece was inserted. After graft placement, the epithelial 
incision was closed with 1 or 2 5-0 plain gut suture with a 
small reverse cutting needle. On the left vocal fold, the 
sham surgery was performed. This entailed an incision and 
creation of a pocket in the SLP using the above microflap 
technique but with no SIS implantation. The epithelial inci-
sion of this vocal fold was closed in a similar manner to the 
right. Closure of the laryngofissure was achieved using a 
3-0 prolene suture after suspending the anterior aspect of 
each vocal fold to the external perichondrium with a 5-0 
plain gut suture to reestablish the anterior commissure. A 
penrose drain was placed, the strap muscles were reapproxi-
mated across the midline, followed by closure of the pla-
tysma, using 3-0 vicryl sutures. A 3-0 prolene suture was 
use to close the skin.

After implantation and immediate postoperative recov-
ery, the dogs were housed in the animal facility for the pre-
scribed time to endpoint for each set of 2 dogs. During this 
time, they were observed and fed at regular intervals, per 
standard canine protocol at the animal facility. One dog had 
a postoperative hemotoma evacuated without incident. No 
other complications occurred.

Harvest and Processing
At the prescribed endpoints, the dogs were sacrificed using 
a carbon dioxide chamber, and a postmortem total laryngec-
tomy was performed. The intact larynges were placed in 
formalin and transported to the pathology lab at New York 
Eye and Ear Infirmary of Mount Sinai, where they were 
subject to processing and histological evaluation by a 
board-certified pathologist (C.I.). The specimens were 
coded with each dog’s USDA code. The pathologist was 
blinded to the implant incubation period. The entire glotti-
des of these larynges were submitted for standard tissue 
processing. Paraffin blocks were sectioned at 5 microns and 
stained by H&E, Alcian blue, Periodic Acid Schiff, 
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mucicarmine, trichrome, elastic van Gieson, and Picrosirius 
red stains. Alternating sections of the 6-week experimental 
specimens were treated with hyaluronidase and then 
sequentially stained with Alcian blue.

Results
The findings were consistent within each group of animals. 
In the dogs sacrificed at 2 weeks, the left (sham surgery) 
vocal folds showed reepithelization with focal granulation 
tissue formation and moderate mixed inflammation of SLP. 
The left vocal folds of the dogs sacrificed at 4 weeks 
showed complete healing of surface squamous epithelium 

as well as a well-preserved superficial layer of lamina pro-
pria with mild diffuse mixed infiltration. At 6 weeks, the 
area of sham surgery on the left vocal folds was barely per-
ceptible as inflammation was only minimal in the superfi-
cial layer of lamina propria with an intact overlying 
epithelium (Figure 1, A, B, C).

All experimental right vocal folds showed the SIS 
implant in the deep aspect of the superficial layer of lamina 
propria, abutting the intermediate and deep layers of the 
lamina propria. At the 2-week time point, the ropey colla-
gen fibers of the implant and the canine SLP were diffusely 
infiltrated by moderate mixed inflammation composed pre-
dominantly of lymphocytes, histiocytes, and neutrophils. At 

Figure 1. Sham vocal folds at (A) 2, (B) 4, and (C) 6 weeks. Arrows point to the area of the microflap and concomitant inflammation. 
Experimental vocal folds at (D) 2, (E) 4, and (F) 6 weeks. The small intestinal submucosa (SIS) graft is seen in the right lower corner 
of the images. The canine superficial lamina propria (SLP) is in the left upper corner of the images. The arrows indicate the interface 
between them (H&E stains, 40× magnification).
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4 weeks, right vocal folds displayed mild inflammatory 
infiltration with a similar cellular composition within and 
around the implanted SIS. Both vocal folds at 6 weeks after 
implantation harbored minimal inflammation (Figure 1, D, 
E, F). The degree of inflammation at each time point was 
similar to that seen in the sham vocal fold (Table 1).

At 2 and 4 weeks in the experimental vocal fold, Alcian 
blue staining highlighted the extracellular matrix (ECM) 
within the surrounding canine SLP while spaces between 
collagen fibers in the implant were unstained. At 6 weeks, 
there was newly observed uniform and diffuse Alcian blue 
staining throughout the area of the implant (Table 1). This 
Alcian blue staining is not as robust as the surrounding SLP 
(Figure 2). Additional 6-week experimental specimens 
treated with hyaluronidase and then subsequently stained 
with Alcian blue did not stain blue, suggesting that the blue 
staining is hyaluronic acid (HA) (Figure 3). At 6 weeks, 
there were rare delicate spindle fibroblasts at the interface 
of the collagen fibers of the implant and the newly gener-
ated ECM (Figure 2E). No histologic evidence of signifi-
cant elastic fiber deposition was found in the SIS graft 
(elastic van Gieson stains) as these stains highlighted only 
the canine’s own elastic fibers. Evaluation using multiple 
stains did not reveal new collagen deposition within the 
grafts: trichrome, Picrosirius Red, and Periodic Acid Schiff 
stains (Figure 4).

Discussion
Vocal fold scar, sulcus, and SLP atrophy are all character-
ized by deficient, disorganized, and/or fibrotic SLP.1,2,4,7-9 
These changes result in poor mucosal vibration, incomplete 
glottic closure, significant voice handicap, and dysphonia 
characterized by any combination of hoarseness, asthenia, 
strain, fatigue, and decreased projection.1,5,6,34 Conservative 
measures, such as voice therapy, are generally unsuccessful. 
Therapy attempts to retrain the patient to compensate for 
their anatomic deficiencies, as opposed to addressing the 
underlying anatomic issues responsible for the dysphonia. 
Surgical treatments typically address either glottic insuffi-
ciency or the abnormal vocal fold cover. There are multiple 
surgical options from which to choose, but all have variable 

and suboptimal results.10,11,21,22 An ideal surgery would 
address both the glottal insufficiency and the abnormal 
vocal fold cover. Temporalis fascia transplant to the vocal 
fold has been relatively successful in addressing both these 
issues, but a graft needs to be harvested, the healing process 
takes 3 to 6 months, and the success rate is approximately 
80%.17,18,22,35 Small intestinal submucosa seems to be an 
ideal candidate for treatment of vocal fold scar, sulcus, atro-
phy, and presbylarynges, as it is similar to temporalis fascia, 
has a fast absorption profile, tends to regenerate like tissue 
in other applications with minimal complication, and con-
tains multiple growth factors.24-33 As a result, the current 
study was developed to investigate the effect of SIS on the 
SLP of the vocal fold and test the hypothesis that SIS could 
promote generation of new ECM of the SLP.

The current investigation showed that vocal folds implanted 
with SIS demonstrated only mild to moderate inflammation. 
The inflammation was similar to that seen in the sham vocal 
folds at corresponding weeks. This inflammation decreased 
over time and was minimal by 6 weeks. There was no evidence 
of new fibrosis. These results suggest that in the canine model, 
SLP implantation with SIS results in minimal tissue inflamma-
tion with minimal risk of vocal fold scarring.

In addition, at 6 weeks post implantation, vocal folds 
showed new, normal appearing ECM of the SLP, which was 
diffusely dispersed throughout the implant. The absence of 
Alcian blue staining after treatment with hylauronidase sug-
gests that HA is diffusely present in this new ECM. The 
interface of the implant and canine tissue also demonstrated 
delicate spindle fibroblasts. Together, these histologic find-
ings suggest that SIS stimulates the generation of new ECM 
of the SLP with abundant HA.

This is the first description of an implantable biological 
scaffold promoting in vivo generation of new ECM of the 
SLP. Previously, bFGF and hepatocyte growth factor (HGF) 
were shown to increase vocal fold fibroblast hyalurionic 
acid production and decrease collagen production in vitro 
and in vivo in animal models.36-40 Only bFGF has been used 
in vivo in humans via multiple vocal fold injections or 
implantation of a gelatin sponge impregnated with bFGF. 
Patients with vocal fold scar, sulcus, or presbylarynges 
appeared to benefit from this treatment, though the sample 
size was small.41,42

It is likely that SIS stimulates generation of ECM 
because of its inherent growth factors, including bFGF. In 
contrast to bFGF injection or sponge application, SIS acts 
as a physical barrier to prevent recurrent scarring of the epi-
thelium to the vocal ligament as well as creating a scaffold 
for cellular infiltration. It also has multiple growth factors 
and persists longer, as compared to bFGF. The combination 
of a longer duration of exposure and multiple growth fac-
tors may result in greater upregulation of vocal fold fibro-
blasts for ECM production. We are currently testing SIS for 
the presence of HGF due to its effect on the vocal fold and 

Table 1. Histologic Results at Specific Time Points Regarding 
Grade of Inflammation in the Surgical Area and Presence of 
Hyaluronic Acid Within the Graft.

Histology Results

Inflammation Hyaluronic Acid
 Sham Subject Sham Subject
2 wk Moderate Moderate No No
4 wk Mild Mild No No
6 wk Minimal Minimal No Yes
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vocal fold fibroblasts. In addition, SIS is FDA approved and 
available in multiple thicknesses, with selection based on 
the size of the patient’s glottal gap and the preferred graft 
resorption rate (which is currently unknown for SIS in the 
vocal fold). Grafts with fewer layers resorb faster.

This study also shows that the new ECM has an abun-
dance of HA, a key component of vocal fold ECM. 
Hyaluronic acid regulates vocal fold tissue osmotic and 
viscoelastic characteristics, in addition to acting as a space 
filler and shock absorber. It is vital to proper phonatory 
function.43 In addition, HA is integral to promotion of 

proper wound healing.44,45 It is used extensively for this in 
plastic surgery.46,47 It is possible the newly generated HA 
will aid in vocal fold healing. This may be especially 
important in cases of vocal fold scar and sulcus vocalis.

This study was designed to investigate histologic 
changes promoted by SIS implantation in a vocal fold ani-
mal model over a relatively short time frame. Long-term 
histologic outcomes of SIS implantation or functional 
outcomes, such as the effect of the SIS on mucosal pli-
ability, were not studied. These issues will be addressed in 
future studies.

Figure 2. Alcian blue stained sham vocal fold at (A) 6 weeks and experimental vocal folds at (B) 2, (C) 4, and (D) 6 weeks. Small 
intestinal submucosa (SIS) graft is seen in the right lower corner of the experimental images. Canine superficial lamina propria (SLP) is 
in the left upper corner of the images. Arrows indicate the interface between them. (20× magnification) (D) At 6 weeks note diffuse 
blue staining of the newly generated extracellular matrix (ECM) throughout the graft. (E) Newly formed spindled fibroblasts at 6 
weeks, at the interface of the graft and new ECM. (H&E).
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Conclusion

Vocal fold abnormalities such as scar, sulcus, or atrophy of 
the SLP result in significant dysphonia due to deficient, dis-
organized, and/or fibrotic SLP. Currently available treat-
ments are not optimal and do not restore normal vocal fold 
function. This pilot canine study suggests that SIS causes 
minimal inflammation and results in the generation of new 

ECM of the SLP with diffuse HA. These results along with 
the inherent properties of SIS suggest that it has excellent 
potential as a graft in the treatment of vocal fold scar, sulcus, 
and SLP atrophy. It can be easily implanted endoscopically 
in a fashion similar to that described for temporalis fascia 
transplant, or via a minithyrotomy.17 Further studies are nec-
essary to investigate functional outcomes of SIS implanta-
tion into the SLP as well as the ultimate fate of the graft.

Figure 4. (A) No histologic evidence of significant elastic fiber deposition was found in the small intestinal submucosa (SIS) graft using 
elastic van Gieson stains. Evaluation using multiple stains did not reveal new collagen deposition within the grafts: (B) trichrome, (C) 
Picrosirius Red, and (D) Periodic Acid Schiff stains. (All images 20× magnification) The arrows indicate the interface between graft and 
canine.

Figure 3. Consecutive sections of the 6-week experimental specimens. (A) Stained only with Alcian blue. (B) Treated with 
hyaluronidase and then subsequently stained with Alcian blue. Small intestinal submucosa (SIS) graft is seen as the ovoid mass in the 
upper half of the images. Canine superficial lamina propria (SLP) surrounds the graft. Arrows indicate the interface between them. 
Note that (B) did not stain blue, suggesting that hyaluronic acid is diffusely present in the canine SLP and in the new extracellular 
matrix (ECM) within the graft. (10× magnification).
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