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underwent a canal wall down tympanomastoidectomy
operation. Fifteen of these patients underwent a new
method in which the open cavity was lined with a
pedicle periosteal flap of the postauricular region
together with free temporal fascia grafts (group I),
and as a control, 10 patients underwent the standard
operation that uses only free temporal fascia grafts
(group II).

All procedures are shown in Figures 1-4. In all
cases, T-shaped external auditory canal plasty was
done during the first stage of the operation. After the
canal wall-down mastoidectomy had been performed,

Figure 1. Skin incision and flap. White arrows, temporal line;
dotted line, posterior wall of the external auditory meatus; X,
mastoid cortex; asterisk, subcutaneous tissue over the mastoid
cortex.

Figure 2. Preparation of the upper and lower layers. Subcutaneous
tissue over the mastoid cortex is separated into two layers with a
scalpel along the white line. Black and white dotted lines indicate
the border of the upper and the lower layers of the subcutaneous
tissue, respectively. White arrows, temporal line; black asterisk,
tympanic membrane; white asterisk, mastoid cavity.
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Figure 3. Combination of the periosteal flap and the free temporal
fascia grafts. White dotted line, lower layer (periosteal flap); black
dotted line, upper layer; white arrows, temporal line; black asterisk,
tympanic membrane; white asterisk, mastoid cavity; black arrow-
heads, free temporal fascia grafts.

Figure 4. No bone exposed in the region of the opened mastoid
cavity. The posterior wall of the open cavity was lined with the
periosteal flap. There is no bone exposed in the region of the
tympanomastoid cavity. White dotted line, lower border of perios-
teal flap; black dotted line, upper layer; white line, border of the
upper and the lower layer; white arrows, temporal line; black
asterisk, tympanic membrane; white asterisk, mastoid cavity; black
arrowheads, free temporal fascia grafts.

the tympanic membrane was repaired with temporal
fascia grafts. In group I, the subcutaneous tissue over
the mastoid cortex was separated into two layers with
a scalpel (Figure 2). The upper layer was composed of
the subcutaneous tissue and the lower layer was the
periosteal flap. Ablation of the subcutaneous tissue
beyond the posterior boundary line of the mastoid-
ectomy had to be performed before this procedure to
obtain a sufficient periosteal flap and to improve its
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mobility. The posterior wall of the open cavity was
lined with this periosteal flap and the remaining bone-
exposed region was completely lined with the free
temporal fascia grafts, which were fixed by fibrin glue
(Figure 4). The upper layer was used to cover the
open cavity of the postauricular region.

The results of both groups were compared as
regards three items, as follows. Item 1: were any
bone-exposed regions present in the newly formed
external auditory meatus on the first day that the
tampon gauze was exchanged postoperatively? Item
2: how many days did the entire surface of the external
auditory meatus take to dry? Item 3: for how many
days did the patients remain in the hospital after the
operation?

Patients were discharged from hospital when they
no longer needed to change the tampon gauze in their
ears and only needed to apply eardrops.

Results

Table I shows the results of the comparison between
groups I and II. For item 1, the tampon gauze was first
exchanged an average of 8.5 days after the procedure
in all patients. In group I, a bone-exposed region was
observed in only one case, which occurred because
the transplanted temporal fascia was out of place. This
dislocated fascia was immediately returned to its
original position. In contrast, bone-exposed regions
were observed in all patients in group II. For item 2, it
took an average of 30.8 days for the entire surface of
the external auditory meatus to dry completely in
group I. In group II, it took an average of
81.4 days for it to dry in six patients. Since the
remaining four patients had bone-exposed regions,
the external auditory meatus could not dry during the

Table I. Results of the comparison between groups I and II.

Group I Group II p value
Item (n=15) (n=10) (Student’s ¢ test)
1 1/15 (6.7%) 10/10 (100%) < 0.001
2 30.8 days 81.4 days* < 0.001
3 18.5 days 29.4 days < 0.005

Group I, the open cavity was lined with a pedicle periosteal flap of
the postauricular region together with free temporal fascia grafts;
group II, the standard operation that uses only free temporal fascia
grafts. Item 1: bone-exposed rate in the newly formed external
auditory meatus on the first day that the tampon gauze was
exchanged postoperatively. Item 2: how many days did the entire
surface of the external auditory meatus take to dry perfectly? Item 3:
for how long did the patients remain in the hospital after the
operation?

*In group I, it took an average of 81.4 days for the entire surface to
dry in 6 of 10 patients. In the remaining four patients, the external
auditory meatus did not dry during the observation period.
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observation period. As regards item 3, group II
patients remained hospitalized for an average of
10 days longer than patients in group 1.

Discussion

There are two major approaches for tympanomastoi-
dectomy: canal wall-up and canal wall-down. The
former is divided into canal wall-up alone and
temporary canal wall-down accompanied by recon-
struction of the posterior wall. Each approach has
advantages and disadvantages [3-5]. Canal wall-
down tympanomastoidectomy is a well-established
surgical procedure for the treatment of chronic otitis
media and severe cholesteatoma in particular [3,6].
However, the newly formed cavity is far larger than
that of the original external acoustic meatus, and
consequently, this approach has negative sequelae
called cavity problems [1,2]. Subsequent outpatient
care is required frequently. Some postoperative com-
plications occur because the bony wall of the open
cavity remains partially non-epithelialized, and phys-
iologically abnormal states such as bone-exposed
regions make the ear susceptible to infection and
relapse. Therefore, early epithelialization of the entire
surface of the bony wall is essential for quick healing
and for prevention of cavity problems.

It is necessary to provide a sufficient blood supply
for the free flap on the bone surface to keep it alive and
to prevent infection. If the entire surface of the open
cavity is covered with only free temporal fascia, its
fascia is too large to prevent necrosis. The maximum
boundary that can supply blood from the original
external auditory skin may be a fascia graft from
the tympanic membrane and its very near surround-
ings. In this case, we have no choice but to leave the
bone exposed in the newly formed posterior wall.

In this study, we epithelialized the entire surface of
the bony wall very early in the procedure by using the
pedicle periosteal flap of the postauricular region. As
this flap has a wide pedicle, it can be supplied with
blood by a postauricular artery. It is located in an
anatomic region that can supply blood to its sur-
rounding free fascia grafts. Since the periosteum is
the contact surface with the bone wall of this flap, a
flap covering the bone is more suitable than other
flaps. Moreover, this technique is very simple and easy
and it does not take so much time for operation.

Most ears were rendered dry and safe, with cavity
problems minimized by this simple technique.
This technique is also valid in terms of medical
economy because it shortens the hospitalization
period and subsequent outpatient care is not required
frequently [7].
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Conclusions

We attempted to completely epithelialize and thereby
expedite healing of the surface of the newly formed
bony wall using a pedicle periosteal flap of the post-
auricular region together with free temporal fascia
grafts in canal wall-down tympanoplasty. This new
operative technique is efficacious to reduce postop-
erative complications in canal wall-down tympano-
plasty and is also valid in terms of medical economy.
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A tissue-engineering approach for stenosis of the trachea and/or cricoid
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Abstract

Conclusion: This new regenerative therapy shows great potential for the treatment of stenosis of the trachea and/or cricoids
(STC). Objecrives: To estimate the potential of tissue-engineered artificial trachea (AT) for treatment of STC in clinical
applications. We previously reported that AT was a useful material for implantation into a tracheal defect after resection of
cancer. There are many causes of stenosis of the respiratory tract and STC is particularly difficult to treat. Mezhods: The AT was
a spiral stent composed of Marlex mesh made of polypropylene and covered with collagen sponge made from porcine skin.
Three patients with STC were treated by this tissue-engineering method. All of them suffered from STC caused by long
endotracheal intubations. They underwent a two-stage operation. In the first operation, after resection of the stenotic regions,
the edge of the tracheal cartilage was sutured to the edge of the skin. The tracheal lumen was exposed and a T-shaped cannula
was inserted into the large tracheostoma. At 3 weeks to 2 months after the first operation, the trachea and skin were separated.
The trimmed AT with venous blood and basic fibroblast growth factor (b-FGF) was then implanted into the cartilage defect.
Results: Postoperatively, all patients were able to breathe easily and had no discomfort in their daily activities. Six months after
the second operation, we observed enough air space in the trachea and cricoid by computed tomography (CT) imaging and
fiber endoscopy.

Keywords: Respiratory tract, artificial trachea, basic fibroblast growth factor, regeneration of the trachea, staged operation

Introduction Although management varies according to different
concepts and techniques, there is no well established
Stenosis of the trachea and/or cricoids (STC) is a treatment. Following STGC, it is very difficult to rec-
fibrotic narrowing of the airway at the level of reate an airway structure that allows enough space to
the cricoid and/or tracheal cartilage, which can result breathe.
in severe dyspnea. There are many causes of STC. Progressive tissue-engineering techniques have
Post-intubation and tracheostomy are the most com- made it possible to regenerate various tissues and/
mon causes of acquired STC. In spite of technological or organs [5]. According to the concept of tissue
improvements and more skilful patient care in inten- engineering, three elements — cells, scaffold, and
sive care units, STC still constitutes a serious iatro- regulatory factors — are essential to regenerate tissues
genic sequela after intubation and tracheostomy [1-4]. and/or organs. Depending on the in vivo condition,

Correspondence: Shin-ichi Kanemaru MD PhD, Department of Otolaryngology-Head and Neck Surgery, Medical Research Institute, Kitano Hospital,
2-4-20 Ohgimachi, Kita-ku, Osaka, 530-8480, Japan. Tel: +81 6 6312-8824. Fax: +81 6 6312-8867. E-mail: kanemaru@ent.kuhp.kyoto-u.ac.jp

(Received 2 April 2010; accepted 6 April 2010)

ISSN 0001-6489 print/ISSN 1651-2251 online © 2010 Informa Healthcare
DOI: 10.3109/00016489.2010.496462

RIGHTS LINKGQ

161



Acta Otolaryngol Downloaded from informahealthcare.com by Kyoto University on 03/21/11
For personal use only

80 S.-1. Kanemaru et al.

these three elements are chosen and can be applied in
combination [6]. On the basis of this in situ tissue
engineering, our group has developed a new artificial
trachea (AT) scaffold made from a Marlex mesh tube
covered with collagen sponge and has used it suc-
cessfully to repair tracheal defects after resection of
thyroid cancer. In this clinical study, we investigated
the application of the new AT scaffold for the treat-
ment of STC post-intubation.

Material and methods
Scaffold

The AT scaffold was composed of a spiral stent and
a single sheet mesh (Marlex mesh; CR Bard Inc.,
Billerica, MA, USA) made of polypropylene and cov-
ered with collagen sponge made from porcine dermal
atelocollagen (Nippon Meatpackers Inc., Ibaraki,
Japan) consisting of type I (70%) and type III
(30%) collagen dissolved in a hydrochloric acid solu-
tion, pH 3.0, at a concentration of 1.0% (Figure 1).
A single sheet mesh has a pore size of 260 um. After
collagen coating, the scaffold was freeze-dried with a
freeze dryer (FDU-810; Tokyo Rikakikai Co. Ltd,
Tokyo, Japan), and cross-linked with a vacuum dry
oven (VOS-300SD; Tokyo Rikakikai Co. Ltd).

Patients and surgical procedures

Three patients with STC were treated by this tissue-
engineering method. All of them had suffered from
STC caused by endotracheal intubations. Table I
shows the patient profiles. This new tissue-engineered
treatment for STC was applied to a human in accor-
dance with the IRB guidelines of Kyoto University
and Medical Research Institute, Kitano Hospital.

Figure 1. Tissue-engineered artificial trachea (AT) scaffold.
(a) Framework of the AT scaffold. Black arrow indicates a spiral
stent. Black dotted arrow indicates a single sheet mesh. These
materials are made of polypropylene. (b) Framework of the AT
scaffold is covered with collagen sponge made from porcine dermal
atelocollagen.
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All subjects underwent the same two-stage opera-
tions. In the first operation, after resection of the
stenotic regions, the edge of the tracheal cartilage
was sutured to the edge of the skin. The tracheal
lumen was exposed and a T-shaped cannula was
inserted into the large tracheostoma. At 3 weeks to
2 months after the first operation, the trachea and skin
were separated and the AT was trimmed. Venous
blood and basic fibroblast growth factor (b-FGF)
(Fibrast; Kaken Pharmaceutical Co. Ltd, Tokyo,
Japan) was then implanted into the cartilage defect.
The artificial material was sutured to the edge of the
trachea. Figure 2 shows the operative procedures.

Assessment

Endoscopic examination was performed periodically
to observe regeneration of the AT implanted site with
a video-endoscope system (BF typelT 240, CV240,
CLV-U40D, Olympus Co., Tokyo, Japan). Whole
images of the reconstructed site were estimated by
computed tomography (CT) 6 months after the
second operation.

Results

Postoperatively, all patients were finally able to breathe
easily and had no discomfort in their daily activities.
Six months after the second operation, we observed
enough air space in the trachea and the cricoid by CT
imaging and a fiber endoscope (Figure 3).

Discussion

There are many causes of STC. The most frequent
cause of STC is post-intubation. The long-term
mechanical stress of intubation causes a deficiency
of blood and necrosis of tracheal cartilage. This leads
to cicatrization of the necrotic region and results in
cicatricial stenosis. Once this chain reaction begins in
the tubular trachea, it is very difficult to stop its
progression. The rates of STC following tracheos-
tomy and laryngotracheal intubation have been
reported to range from 0.6% to 21% and 6% to
21%, respectively [7].

Tracheal resection followed by end-to-end anasto-
mosis is a well-established technique performed under
well-established indications. High success rates of over
70% have been reported [1,2,4,7]. However, in cases
where long tracheal segments are to be resected, end-
to-end anastomosis cannot be adapted. Also, lesions
that involve the infraglottic larynx and the upper
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Case no. Age (years) Sex Cause of STC Adverse conditions

1 71 F EI after traffic accident Infection (MRSA)
Asthma

2 39 F EI after status asthmaticus Infection (MRSA)
Atopic dermatitis
Asthma

o bl 45 M EI after inhalation burn Infection (MRSA)

Autoimmune renal failure

EI, endotracheal intubation; MRSA, methicillin-resistant Staphylococcus aureus; STC, stenosis of the trachea and/or cricoids.
*Patient no. 3 also had stenosis of vocal fold as a complication of inhalation burn.

Figure 2. Operative procedure of the second-stage operation. (a) Trimmed artificial trachea (AT) scaffold: AT was trimmed for the size and the
shape of the tracheal defect. (b) Trimmed AT scaffold with venous blood and basic fibroblast growth factor (b-FGF). Venous blood and
b-FGF were added to the AT immediately before suturing to the trachea. (c) After separation of the trachea and skin. White arrow indicates
intubation tube. White dotted arrow indicates the defective region of tracheal cartilage. (d) Trimmed AT scaffold with venous blood and
b-FGF was sutured to the defective region of tracheal cartilage with 3-0 absorbable thread.

Figure 3. CT scan air-emphasized images of trachea before and
after operation. (a) Case no. 2 before operation. A cannula was
inserted in the region of STC (black arrows); black triangle indi-
cates the stomal orifice. (b) Case no. 2 after operation. Although the
region of STC remains, the inner space of the trachea (black dotted
arrows) is maintained without the cannula.
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trachea are much more difficult to repair surgically
[1-3,7]. In this study, all cases involved long resections
of the trachea with cricoid. In case no. 2, it proved
particularly difficult to maintain the inner space of the
trachea because of necrosis of a long tracheal segment.

Even now, there is no definite and successful treat-
ment for severe cases like those presented here. Major
variations in the treatment of STC consist of recon-
structive material, the way the operation is performed,
and postoperative sequelae. Although autologous tis-
sues such as cartilage are the best reconstructive
materials available, it is impossible to obtain them
in enough volume and of adequate shape. On the
other hand, artificial materials are inferior to autolo-
gous tissues as regards affinity and anti-infection.
Considering these points, the AT used here is near
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to an ideal biomaterial. We have previously reported
that our AT had high affinity, sufficient volume, good
shape, and mechanical strength equal to normal
trachea. Moreover, we confirmed by histological
examination that the luminal surface of recon-
structed trachea had a normal mucosa with cilia
[8-11].

After successful outcomes of animal experiments,
we applied AT as a regenerative biomaterial for
repairing tracheal defects after resection of cancer
in humans [12,13]. These clinical applications suc-
ceeded in all cases because most of the trachea itself
was normal, except for small cancer invasive regions.
However, most patients with STC have adverse con-
ditions, including infections such as methicillin-
resistant Staphylococcus aureus (MRSA), asthma,
and systemic diseases. The cases presented here
have these unfavorable conditions, which prevent
the trachea from regenerating.

According to the concept of in situ tissue engineer-
ing, for regeneration of tissues/organs it is necessary to
arrange three elements — cells, scaffolds, and regula-
tory factors — in favorable conditions [5,6]. In this
clinical study, we arranged two of the elements,
scaffold and regulatory factors, because cells were
supplied from the host tissue. In addition, to create
the best regenerative conditions, we selected a two-
staged operation. The purpose of the first operation
was to enlarge the region of STC, allow early epithe-
lialization of its luminal side, and prevent infection.
After creating these suitable conditions, we implanted
AT with b-FGF in the second operation. This two-
staged operation may be a good strategy for severe
cases of STC.

Basic FGF is a regulatory factor that plays an
important role in regeneration of the trachea. In
normal tissues, b-FGF is present in basement mem-
branes and in the subendothelial extracellular matrix
of blood vessels [14]. It stays membrane-bound as
long as there is no signal peptide [15]. It has been
hypothesized that during wound healing of normal
tissues or during tumor development, the action of
heparan sulfate-degrading enzymes activates b-FGF
and mediates the formation of new blood vessels, a
process known as angiogenesis [14—16]. Administra-
tion of b-FGF may therefore be effective in early
stages of the regenerative process [17-19]. Collagen
sponge, which is a component of AT, could pro-
vide not only inducer for cell migration from host
tissue but also sustained release of b-FGF [20].
Basic FGF may be not suitable to repair tracheal
defects after resection of cancer as it may contribute
to tumor recurrence, but there is no such risk in
the treatment of STC caused by prolonged intuba-
tions [16].
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Conclusions

We applied tissue-engineered AT and b-FGF for the
treatment of STC [2]. A two-stage operation for the
treatment of severe STC may provide better regen-
erative conditions [3]. This new regenerative therapy
shows great potential for the treatment of STC.
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Chronic Vocal Fold Scar Restoration With
Hepatocyte Growth Factor Hydrogel
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Objectives/Hypothesis: Therapeutic challenges
exist in the management of vocal fold scarring. We
have previously demonstrated the therapeutic poten-
tial of hepatocyte growth factor (HGF) in the manage-
ment of acute phase vocal fold scarring using a novel
hydrogel-based HGF drug delivery system (DDS).
However, the effect of HGF on matured vocal fold
scarring remains unclear. The current study aims to
investigate the effect of HGF-DDS on chronic vocal
fold scarring using a canine model.

Study Design: Animal model.

Methods: Vocal folds from eight beagles were
unilaterally scarred by stripping the entire layer of
the lamina propria; contralateral vocal folds were
kept intact as normal controls. Six months after the
procedures, hydrogels (0.5 mL) containing 1 ug of
HGF were injected into the scarred vocal folds of four
dogs (HGF-treated group). Hydrogels containing sa-
line solution were injected into the other four dogs
(sham group). Histological and vibratory examina-
tions on excised larynges were completed for each
group 9 months after the initial surgery.

Results: Experiments conducted on excised lar-
ynges demonstrated significantly better vibrations in
the HGF-treated group in terms of mucosal wave am-
plitude. Although phonation threshold pressure was
significantly lower in the HGF-treated group com-
pared with the sham group, no significant differences
were observed in the normalized glottal gap between
HGF-treated and sham groups. Histological examina-
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tions of the HGF-treated vocal folds showed reduced
collagen deposition and less tissue contraction with
favorable restoration of hyaluronic acid.
Conclusions: Results suggest that administra-
tion of HGF may have therapeutic potential in the
treatment of chronic vocal fold scarring.
Key Words: Chronic vocal fold scarring, drug
delivery system, hepatocyte growth factor.
Laryngoscope, 120:108-113, 2010

INTRODUCTION

There continue to be therapeutic challenges in the
management of vocal fold scarring.! Vocal fold scarring
occurs following injury, inflammation, or phonosurgery
and disrupts the layered structure of the lamina propria
altering the biomechanical properties of the vocal fold.
Vocal fold scarring often causes glottal insufficiency and
severe intractable dysphonia.

Previous histologic studies®® on vocal fold scarring
have revealed changes in the organization and distribu-
tion of extracellular matrix components (ECM), such as
dense and/or disorganized type I collagen deposition,
decreased elastin and decorin, increased fibronectin, and
occasional decreases in hyaluronic acid (HA). These
results confirmed the aberrant synthetic phenotype of
vocal fold scar fibroblasts.® Given that these histological
changes stiffen the properties of the vocal fold, pheno-
typic changes of vocal fold fibroblasts and a correction of
the distribution of ECM components is needed to restore
the vocal fold after scarring.

Hepatocyte growth factor (HGF) is a multifunc-
tional polypeptide that plays a significant role in
embryogenesis, angiogenesis, organ regeneration, and
wound healing.” HGF has strong antifibrotic potency
and has been shown to contribute to the prevention or
complete resolution of fibrosis in the liver, kidney, and
lung in animal models.” Another study has shown the
therapeutic potential of HGF in the management of
vocal fold scarring by demonstrating that HGF can
increase HA production and decrease collagen produc-
tion in vocal fold fibroblasts.®
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We have previously shown the therapeutic poten-
tial of HGF in the management of vocal fold injury at
acute phase.>*! Although those studies have shown the
therapeutic potential of HGF, incomplete restoration of
scarred tissue and individual variability of these effects
were also reported.’’'? These effects were attributed to
insufficient retention time of HGF in the injected site,
as the biological activity of HGF may be limited due to
rapid dispersal by diffusion. To overcome this limitation
and enhance the effect of HGF, we have developed a
novel drug delivery system (DDS) for HGF using a gel-
atin hydrogel.'? The previous study, however, revealed
only the inhibiting effect on scar formation at the acute
phase, and the effect of HGF on matured, chronic vocal
fold scarring remains unclear. Given the clinical use of
HGF it is important to determine if it has a restorative
remodeling effect on chronic vocal fold scarring. The
current study aims to investigate the effect of HGF-
DDS on chronic vocal fold scarring using a canine
model.

MATERIALS AND METHODS

Animals

Eight beagles weighing 10 to 17 kg were used in this
study. All experimental protocols were approved by the Animal
Committee of the Graduate School of Medicine, Kyoto Univer-
sity. Animal care was provided under the supervision of the
Institute of Laboratory Animals of the Graduate School of Medi-
cine, Kyoto University.

Preparation of HGF Hydrogel

Biodegradable hydrogels were developed by the Depart-
ment of Biomaterials, Field of Tissue Engineering, Institute for
Frontier Medical Sciences, Kyoto University.'®'* The hydrogel
was constituted by chemically cross-linking acidic gelatin with
glutaraldehyde. A 50-mL quantity of acidic gelatin aqueous so-
lution (5% w/w) was mixed with 50 uL of glutaraldehyde
aqueous solution (25% w/w) to give a final concentration of 6.25
mM. The water content of the hydrogel was 94.8%. A solution
of 1 ug of HGF (Human recombinant HGF; PeproTech Inc.,
Rocky Hill, NJ) in 20 uL of phosphate buffered saline (PBS)
was dripped onto the gelatin hydrogels and left overnight at
4°C to create the HGF hydrogel.

Surgical Procedure

The surgical procedures that were used for generating the
vocal fold injury models had been established in previous stud-
ies.!2 All animals were sedated under general anesthesia
with intramuscular injections of ketamine hydrochloride (15
mg/kg) and xylazine hydrochloride (6 mg/kg). The glottis was
visualized using a direct laryngoscope, and the vocal folds were
unilaterally scarred by stripping the entire layer of the lamina
propria down to the muscle. The contralateral vocal folds were
kept intact as normal controls. The sides for scarring were ran-
domly selected.

After stripping the vocal fold lamina propria of test ani-
mals, vocal fold scars were allowed to mature for 6 months.
This period of vocal fold scar maturation was based on data
from Rousseau et al., who proposed that it takes 6 months for
vocal fold scarring to mature in canine and rat models.>* Six
months after the procedure, 0.5 mL of hydrogel solution con-
taining 1 ug of HGF was injected into the scarred vocal folds of
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four dogs (HGF-treated group) using a transoral intracordal in-
jector, and 0.5 mL of hydrogel solution containing 1 ug of PBS
was injected into the scarred vocal folds of the four dogs in the
sham group. Because HGF was expected to act on the fibroblast
in the lamina propria, hydrogel was carefully injected into the
subepithelial layer of the vocal fold. To enhance the effect of
injection, the injection was performed twice at an interval of 1
month. It is reported that HGF acts on some kinds of cells in
an autocrine manner,'®'7 and vocal fold fibroblasts may be sim-
ilar to those cells. Thus, the effect of HGF might continue for
some time after the administration and release period. For this
reason, we set the interval to 1 month, which is longer than the
2-week release period.

All animals were euthanized 9 months after the surgery
by intracardiac injection of Nembutal. The larynges were har-
vested and used for vibratory examinations then subjected to
histological examination.

Setup for Vibratory Examination of
Excised Larynges

Vocal fold vibration was examined with an excised larynx
setup developed in previous studies.'®!? For better visualization
of the vocal folds supraglottic structures, including the epiglot-
tis, false vocal folds and aryepiglottic folds were removed after
resection of the superior portion of the thyroid cartilage. The
arytenoid cartilages were sutured together, and an arytenoid
adduction procedure was bilaterally performed using a 3-0 Pro-
lene suture to close the glottis. The larynx was mounted on a
table and an intubation tube was inserted into the trachea and
tightly clamped. Air was pumped through the tube to generate
vocal fold vibrations. During the vibratory examination, saline
was dripped onto the vocal folds to prevent dehydration. A pres-
sure sensor (PG-100; Nidec Copal Electronics Corp., Tokyo,
Japan) was inserted into the tube to monitor subglottic pres-
sure, and a high-speed digital imaging system (MEMRECAMci;
NAC Image Technology, Osaka, Japan) was used to record vocal
fold vibrations from the superior view. The camera was
mounted 50 cm above the larynx, and the image was displayed
on a monitor. The images were recorded at a frame rate of
1,000 frames per second, which is the maximum rate to give an
acceptable resolution level in our equipment, and the images
were then scanned into a computer.

As an indirect measurement, we used phonation threshold
pressure (PTP) to evaluate the mucosal vibration. PTP, which is
regulated by factors such as vocal fold thickness, property, and
glottal width, is defined as the minimum pressure required to
initiate phonation.'®!® Further, the amplitude of the mucosal
wave and glottal gap were measured using image analysis soft-
ware (Scion Image beta4; Scion Corp., Frederick, MD). The
distance (d1) from the midline of the glottis to the free edge of
the vocal fold was measured at the anteroposterior middle por-
tion of the vocal fold during the closed phase. Closed phase was
recognized by the motion of the upper and lower lips of the
vocal folds. The same distance (d2) was measured at the maxi-
mum open phase. The mucosal wave amplitude was defined by
subtracting d1 from d2 and the amplitude ratio was derived by
dividing the amplitude in the HGF-treated side by the ampli-
tude in the normal side. The following formula was used:
amplitude ratio (AR) = (d2—d1 in the HGF-treated side)/(d2—d1
in the normal side). The glottal gap was examined from the
images during the closed phase. The length (L) from the ante-
rior commissure to the vocal process and the glottal area (a)
were measured, and the glottal area was normalized by dividing
it by L2 The following formula was used: normalized glottal
gap (NGG) = a/L? x 100 unit (u).
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Fig. 1. Vibratory patterns experimentally generated from treated
vocal folds of excised larynges. In both cases the left vocal fold
was scarred. The hepatocyte growth factor-treated vocal fold
showed almost normal mucosal vibration (A), however the sham-
treated vocal fold was bowed and mucosal vibration was limited
(B).

Histological Examination

Collagen, elastin, and HA in the lamina propria of each
vocal fold were examined using light microscopy. The thickness
of the lamina propria was also assessed to determine the degree
of scar contraction. The thickness of the lamina propria was
determined by measuring the distance from the free edge of the
vocal fold down to the thyroarytenoid muscle and normalized by
dividing the distance on the treated side (t1) by that of the nor-
mal side (t2). The following formula was used: normalized
thickness of lamina propria (NTLP) = t1/t2.

Immediately following the vibratory examinations, the lar-
ynges were fixed in 10% formaldehyde for later tissue
examination. Larynges were subsequently embedded in paraf-
fin, and 5-um-thick serial sections were prepared in the coronal
plane from the anteroposterior middle portion of the vocal folds.

Elastica van Gieson staining was performed to identify col-
lagen and elastin. Alcian blue staining was used to identify HA.
A hyaluronidase digestion technique was used to detect HA.
Images were captured with a BIOREVO BZ-9000 microscope
(Keyence Corp., Osaka, Japan).
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These assessments were performed in a blinded fashion,
in which the examiners were not informed which slide belonged
to each group.

Statistical Analysis

An unpaired ¢ test was used to ascertain differences in
PTP, AR, NGG, and NTLP between treatment groups. A
P value < .05 was considered statistically significant.

RESULTS

Vibratory Examinations

The experiments on excised larynges showed better
mucosal vibration in the HGF-treated group, as
compared with the sham group. Figure 1 shows repre-
sentative cases in the HGF-treated group (Fig. 1A) and
in the sham group (Fig. 1B). Injured vocal folds were
bowed and the mucosal vibration was limited in the
sham group; however, their vibration was comparable to
the uninjured side in the HGF-treated group.

An unpaired ¢ test revealed significantly lower PTP
in the HGF-treated group, compared with the sham
group (Fig. 2A, P = .015). Although no significant
differences were observed for NGG between the two
groups (Fig. 2B), AR was significantly higher in the
HGF-treated group compared to the sham group
(Fig. 2C, P =.012).

Histological Examinations

Histological examinations revealed better restora-
tion and less tissue contraction in the HGF-treated vocal
fold compared with the sham-treated vocal fold.

Disorganized collagen deposition was found to be
minimal in the HGF-treated vocal fold (Fig. 3A, 3B),
whereas there was excessive collagen deposition in the
sham-treated vocal fold (Fig. 4A, 4B). Elastin and HA in
the HGF-treated vocal fold appeared to be well

N.S.
12 1
10 - .
B 4
6 -
g ¢ Fig. 2. Results of vibratory examina-
tions. The hepatocyte growth factor
. (HGF)-treated group demonstrated
2 4 significantly lower phonation thresh-
& * old pressure (PTP) (A) and higher
amplitude ratio (AR) (B) compared
0 - * * with the sham-treated group. No

differences were observed for nor-
malized glottal gap (NGG) between
HGF  sham the two groups (C). * P < .05.
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HGF-treated side

Fig. 3. Histologic findings in the hepatocyte
growth factor (HGF)-treated group. (A-D) Elas-
tica van Gieson stain. (E-F) Alcian blue stain.
Tissue contraction and collagen deposition
were found to be minimal (A, B), and elastin
(C, D) and hyaluronic acid (E, F) were favor- E

ably restored. ™

organized, similar to that of the unscarred contralateral
side (Fig. 3C-3F), whereas both were decreased in the
sham-treated vocal fold (Fig. 4C—4F). There were no
remarkable findings in terms of the underlying muscle.

NTLP was close to normal in the HGF-treated vocal
folds, whereas NTLP was significantly thinner in the
sham group as compared with the HGF-treated group
(Fig. 5, P =.03).

DISCUSSION

The restoration of normal vocal fold properties is
essential to the treatment of vocal fold scarring. With
the advancement of phonosurgery, most voice disorders
have been overcome, and many therapeutic strategies,
including medialization thyroplasty, fat/collagen injec-
tion, and scar dissection have been tried in an attempt
to restore normal properties to scarred vocal folds.?°
Medialization thyroplasty and fat/collagen injection
result in augmentation effects that improve glottal insuf-
ficiency and facilitate entrainment of vocal fold
vibrations. However, the restoration of normal vocal fold
properties is not achieved by these treatments. The
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Normal side
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effect of scar dissection depends on the individual’s heal-
ing ability, and stable outcomes with this approach
cannot be achieved. Thus, there is no optimal strategy
for the treatment of vocal fold scarring to date, and de-
velopment of a new regenerative pathway is needed.

In tissue engineering, regeneration of tissues or
organs can be achieved by the combination of scaffold,
cells, and regulatory factors under appropriate condi-
tions. Applying this concept, we have focused on two
kinds of therapeutic strategies—cell therapy?' and
growth factor therapy®'2—for the treatment of vocal
fold scarring. As a cell source for cell therapy, we have
shown the therapeutic potential of autologous mesenchy-
mal stem cells (MSCs).>! We have previously injected
MSCs into injured vocal folds at an acute phase in a
canine model, and histologic examinations revealed
improved healing after 2 months. Furthermore, we have
shown the efficacy of HGF as a candidate for growth
factor therapy in the management of vocal fold scarring
by demonstrating its ability to control ECM production
in vocal fold fibroblasts. As described before, HGF has
strong antifibrotic potency and has been shown to
contribute to the prevention or complete resolution of
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fibrosis in some organs.” Hirano et al. reported the
effects of HGF for the treatment of acute vocal fold
injury using canine'! and rabbit'® models. In these stud-
ies, HGF was injected into injured vocal folds, and
histological examination revealed reduced collagen depo-
sition and decreased tissue contraction of the lamina
propria in HGF-injected vocal folds as compared with sa-
line-injected controls. However, these previous studies
revealed only the inhibiting effect on scar formation at
the acute phase of wound healing, and it is not clear
whether these approaches have a restorative effect on
the aberrant synthetic phenotype of vocal fold fibro-
blasts. In the current study we have investigated the
effect of HGF administration on chronic matured vocal
fold scarring.

A biodegradable hydrogel developed to enhance the
in vivo regenerative effects of growth factors, such as
HGF, basic fibroblast growth factor, platelet-derived
growth factor, and epidermal growth factor, has been
shown to be successful in the controlled release of biolog-
ically active growth factors in other parts of body.!31422-
24 In this system, HGF was embedded in gelatin hydro-
gel and gradually released in a continuous fashion over
a 2-week period in vivo.
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Sham-treated side

Fig. 4. Histologic findings in the sham-treated
group. (A-D) Elastica van Gieson stain. (E-F)
Alcian blue stain. Severe tissue contraction
and excessive collagen deposition were
observed in sham-treated vocal folds (A, B).
Elastin (C, D) and hyaluronic acid (E, F) were
decreased in the superior portion of the
treated vocal fold.

This study represents the first investigation of HGF
for the treatment of matured, chronic vocal fold scarring
in vivo. The vibratory experiments in the present study
showed significant improvement of mucosal vibration in
terms of PTP and AR in the HGF-treated group com-
pared with the sham group. As mentioned above, PTP is
regulated by the vocal fold property and glottal gap.
Improvement in PTP without smaller NGG indicates
that administration of HGF restored the scarred vocal
fold in terms of stiffness and tissue contraction.
Histological examination also showed positive restora-
tive effects with the administration of HGF, including
reduced collagen deposition, less tissue contraction,
and improved restoration of elastin and HA. These
results suggest that HGF-DDS has restorative
remodeling effects on chronic vocal fold scarring; how-
ever, there was still individual variability and complete
restoration could not be achieved. Particularly, a possible
reason for incomplete improvement of glottal gap may
be insufficient volume obtained in the treated vocal
folds. Here may be some limitations in growth factor
therapy, which warrant a combined use of cells and/or
appropriate scaffoldings to obtain adequate tissue
volume and function.
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Fig. 5. Normalized thickness of lamina propria (NTLP) was signifi-
cantly thinner in the sham-treated group than in the hepatocyte
growth factor (HGF)-treated group. *P <.05.

CONCLUSION

The present study demonstrated that the HGF-DDS
significantly improved the vibratory properties of
matured, chronic vocal fold scarring in a canine model.
HGF-DDS reduced excessive collagen deposition and tis-
sue contraction with favorable restoration of elastin and
HA. Results suggest that administration of HGF may
have therapeutic potential in the treatment of chronic
vocal fold scarring.
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Temporal Changes in Vocal Functions
of Human Scarred Vocal Folds After

Cordectomy
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Objectives/Hypothesis: The maturation pro-
cess of scarred vocal folds has previously been investi-
gated using animal models. However, in human mod-
els the features of scarred vocal folds have rarely
been described, and the process by which the scar
changes with time is not well known. The present
study aimed to investigate the maturation process of
human vocal folds scarred by cordectomy in terms of
vibratory and aerodynamic functions.

Study Design: Prospective case series.

Methods: Eight patients with early glottic carci-
noma and two patients with leukoplakia of the vocal
fold underwent endoscopic cordectomy at Kyoto Uni-
versity Hospital between 2006 and 2008. The tempo-
ral changes in their vocal functions were evaluated
using acoustic and aerodynamic analyses and video-
stroboscopic examination.

Results: Normalized mucosal wave amplitude,
mean flow rate, and the amplitude perturbation quo-
tient appear to stabilize about 6 months after the pro-
cedure. Although there were individual variations in
the changes in normalized glottal gap and maximum
phonation time, it appears to take at least 6 months
to reach plateau. The other parameters—pitch pertur-
bation quotient and noise to harmonic ratio—varied
by individual, and thus it was difficult to identify
commonalities in the healing process.
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Conclusions: Some individual variation was
observed in the temporal changes of vocal function of
scarred vocal folds after cordectomy. However, in
terms of vibratory and aerodynamic functions, this
study suggests that it takes at least 6 months for
maturation of vocal fold scarring.

Key Words: vocal function, human, scarred
vocal fold, maturation. '

Level of Evidence: 4
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INTRODUCTION

Vocal fold scarring occurs after injury or inflamma-
tion of the vocal fold mucosa. It impairs mucosal
vibration and results in severe, intractable dysphonia.
Given that voice is one of the most important tools for
communication, dysphonia might lead to psychological
and social distress. Although many voice disorders have
been overcome by advances in voice therapy and/or pho-
nosurgery, to date there is no optimized therapeutic
strategy for vocal fold scarring.!

To develop a therapeutic strategy for the manage-
ment of vocal fold scarring, it is necessary to understand
the process of vocal fold scar maturation. Previously, ani-
mal models have been used to characterize the features
of scarred vocal folds.>™* In these studies, histological
analysis of scarred vocal folds has revealed changes in
the organization and distribution of extracellular matrix
components, including dense and/or disorganized type I
collagen deposition, decreased elastin and decorin,
increased fibronectin, and occasional decreases in hyal-
uronic acid.2™ Similar changes have also been reported
for the scarred vocal folds of humans.®

Rousseau et al. have proposed that it takes
6 months for vocal fold scarring to mature in canine and
rabbit models.?® However, owing to the difficulty in per-
forming histological evaluations on human vocal folds,
the features of scarred human vocal folds have rarely
been characterized. Similarly, how the scar changes over
time is not well known. To properly evaluate and diag-
nose scarred lesions and to determine the proper
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TABLE I.
Clinical Information About the Patients and Surgical Procedures.

Case number Sex Age (years) Side Cordectomy type Diagnosis

1 M 55 Rt. | Carcinoma
2 M 69 Bil. | Carcinoma
3 M 65 Bil. | Leukoplakia
4 M 70 Rt. ] Carcinoma
5 M 64 Rt. | Carcinoma
6 F 47 Bil. | Carcinoma
7 M 74 Lt. | Carcinoma
8 F 53 Lt. | Leukoplakia
9 M 56 Rt. 1l Carcinoma
10 M 69 Lt Il Carcinoma

M: Male, F: female, Rt.: Right, Lt.: Left, Bil.: Bilateral.

therapeutic strategy, it is essential to know how the
vocal fold scar changes and matures over time.

Because human vocal function can be followed tem-
porally, we have focused on the functional rather than
histological changes in the process of vocal fold scarring.
To know the changes in vocal function during the scar
maturation would help us to understand its condition. In
the current study, we investigated this maturation pro-
cess by examining the temporal changes in vibratory,
acoustic, and aerodynamic properties of scarred vocal
folds in postcordectomy patients.

MATERIALS AND METHODS

Patients

Clinical information about the patients and surgical proce-
dures is summarized in Table I. Ten patients (eight men and
two women), eight with early glottic carcinoma and two with
leukoplakia of the vocal fold, underwent endoscopic cordectomy
from 2006 to 2008 at Kyoto University Hospital. Their ages
ranged from 47 to 74 years (average, 62 years). Seven patients
underwent type I cordectomy, two patients underwent type II
cordectomy, and one patient underwent type III cordectomy.
Seven cases were treated with unilateral resections, whereas
the others received bilateral resections.

Assessments

Two trained laryngologists made blind measurements.
Assessment consisted of stroboscopic, acoustic, and aerodynamic
examinations. Voice and stroboscopic samples were recorded
three times at normal pitch and loudness in each examination.

Stroboscopic examinations were performed with a Digital
Video System Model 9295 (Kay PENTAX, Lincoln Park, NJ) to
assess temporal changes in the mucosal wave and glottic clo-
sure. The amplitude of the mucosal wave and glottal gap was
examined using image analysis software (Scion Image Beta3b;
Scion Corp., Frederick, MA). The distance (d1) from the midline
of the glottis to the free edge of the vocal fold was measured at
the anteroposterior middle portion of the vocal fold during the
closed phase, and then the same distance (d2) was measured at
the maximum open phase. Mucosal wave amplitude was nor-
malized by the distance (L) from the anterior commissure to the
vocal process. The normalized mucosal wave amplitude (NMWA)
was calculated from the formula NMWA = (d2 — d1)/L. This
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measurement was done on the treated side of the vocal fold.
Glottal gap was examined in the images at closed phase. Glottal
area (a) was measured, and the normalized glottal gap (NGG)
was calculated as NGG = a/L2.

Aerodynamic examinations included maximum phonation
time (MPT) and mean flow rate (MFR). For acoustic examina-
tions, Computerized Speech Lab software (Kay PENTAX) was
used to evaluate pitch perturbation quotient (PPQ), amplitude
perturbation quotient (APQ) and noise to harmonic ratio
(NHR).

RESULTS

Vibratory Examinations

Figure 1 shows the temporal changes of NMWA and
NGG. NMWA showed gradual improvement in all cases,
and it appears to stabilize about 6 months after the pro-
cedure. Although there were individual variations in the
changes of NGG, it appears to take at least 6 months to
reach plateau.

Aerodynamic and Acoustic Examinations

Although the changes in MPT differed by individ-
ual, the majority of cases had stabilized by 6 months
after surgery (Fig. 2A). Similarly, MFR also appeared to
become stable 6 months postprocedure (Fig. 2B).

In some cases (case 2 at 2 months postsurgery and
case 10) the voice was too harsh and rough for acoustic
analysis to be performed. Although APQ showed gradual
improvement and stabilized after about 6 months (Fig.
2D), the individual variability within the other parame-
ters—PPQ and NHR—made it difficult to draw any
generalized conclusions about the healing process
(Fig. 2C, 2E).

Representative Case

Post-bilateral type I cordectomy scar (case 2).
A 69-year-old man with laryngeal carcinoma in both
vocal folds underwent bilateral type I cordectomy. Two
months after surgery, no mucosal waves were seen in ei-
ther of the vocal folds, and incomplete glottal closure
was observed (Fig. 3A). Four months after surgery, the
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Fig. 1. Temporal changes in normalized mucosal wave amplitude (NMWA) and normalized glottal gap (NGG). Although there were individual
variations in the changes of NGG (B), NMWA (A) and NGG appear to stabilize about 6 months after the procedure. r = right vocal fold; | =
left vocal fold.

A | B

1 2 3 4 5 6 7 8 8 10 1 12 13 14 months 1.2 3 4 5 6 7 8 9 10 1 12 13 14 months

Hcase 1 4
15 - Wcase 2
“case 3
wmcase 4 3.
#case 5
14 rcase 6
Wcase 7 5
Ocase 8 1
w—case 9
05 |
1
0 [ . 3
1 2 3 4 5 6 7 8 9 10 11 12 13 14 months 1 2 3 4 5 & 7 8 ¢ 10 11 12 13 14 months
0.2
0.18
016 -
014 -
#case 1
0.12 = case 2
Wcase 3
01 “=case 4
WWcase 5
008 drcase 6
®case 7
006 - Ocase 8
—case @
0.04
002 -+
0+

% 2 3 4 5 6 7 8 9 10 11 12 13 14 months

Fig. 2. Temporal changes in aerodynamic and acoustic measurements. (A) Maximum phonation time (MPT). (B) Mean flow rate (MFR). (C)
Pitch perturbation quotient (PPQ). (D) Amplitude perturbation quotient (APQ). (E) Noise to harmonic ratio (NHR). The majority of cases had
stabilized by 6 months after surgery in MPT and MFR. Though PPQ and NHR varied individually, APQ stabilized after about 6 months.

Laryngoscope 120: August 2010 Kishimoto et al.: Functional Changes of Scarred Vocal Folds
1599

174



Fig. 3. Stroboscopic findings in case 2. No mucosal waves were seen in either vocal fold 2 months after surgery (A). Four months after sur-
gery, the vocal folds showed some vibration; however, the vibration of the right vocal fold was still limited (B). Improved mucosal waves

were observed 7 (C) and 14 (D) months after the procedure.

vocal folds showed some ability to vibrate; however, the
vibration of the right vocal fold remained limited (Fig.
3B). Although an anterior glottic web was present, the
glottal gap had become smaller and improved mucosal
waves were observed 7 months after the procedure (Fig.
3C). These improvements continued 14 months after the
procedure (Fig. 3D).

DISCUSSION

With recent developments in regenerative medicine,
new therapeutic strategies are being established for pre-
viously intractable disorders of organs systems.®” In the
treatment of vocal fold scarring, various restorative
approaches based on the principles of tissue engineer-
ing—cell therapy,®® growth factor therapy,'>'® and
scaffolding therapy'*'®—have been utilized in attempts
to restore normal function. Although these approaches
are not fully established, some restorative effects have
been reported and show promise as the basis for a new
unified therapeutic strategy. To measure the clinical
potential of such new approaches, it is important to
have a comprehensive understanding, including the
functional aspects, of the maturation process of human
vocal fold scarring.

Cordectomy, which is one of the main treatments
for early glottic carcinoma and laryngeal precancerous
lesion, is a common cause of iatrogenic vocal fold scar-
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ring. Cordectomy has been shown to have high cure
rates for these conditions while enabling laryngeal pres-
ervation.!” It has also attracted much attention as a
minimally invasive therapeutic strategy because it offers
several advantages over radiation therapy, including the
elimination of the adverse effects of irradiation, shorter
hospitalization times, and high cost effectiveness.!”
Postcordectomy patients were enlisted for this study
as it is possible to precisely identify the onset of the
scarring process following surgery. The wound healing
response consists of three successive but overlapping
phases—inflammation, proliferation, and tissue remodel-
ing. Wound healing has been well documented on
cutaneous wounds, and some valuable data pertaining to
vocal fold scarring also exists.'®1° A previous study on
acute vocal fold injury reported that the vocal fold
wound healing process is analogous to wound repair in
the skin during the inflammatory and proliferative
phases, but differs during the remodeling phase.?’ Addi-
tionally, Bond et al. have reported that cutaneous wound
scar redness fades at 7 months, and scar maturation
occurs over the course of 1 year.??? Consistent with
this, Xu et al. have reported that vocal quality becomes
steady 6 months after surgery in type III-IV cordectomy
patients.’” In the current study, vibratory, aerodynamic,
and acoustic parameters required at least 6 months to
stabilize, and full scar maturation is thought to occur
over a period of 1 year. These results suggest that the
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maturation process in vocal fold scarring is temporally
similar to that of cutaneous scarring.

The presence of individual variation in vibratory
and functional changes of the scarred vocal folds made it
difficult to identify commonalities for some parameters.
These variations are thought to primarily depend on the
individual healing mechanisms. Moreover, most patients
in this case series underwent type I cordectomy, which
is the shallowest resection. The variations might stand
out because the scarring effect of this procedure is
thought to be minimal and does not obscure the individ-
ual variations in healing ability. Furthermore, MPT and
acoustic parameters are affected by other factors, such
as pulmonary function, and might not accurately depict
the condition of the vocal fold.

This study has identified the temporal changes that
occur in vibratory function during maturation of human
vocal fold scarring. Although these temporal changes do
not reflect the maturation process of vocal fold scarring
directly, they would help our understanding of the pro-
cess and complement other basic science work in
providing benchmarks in clinical use. This is, however, a
preliminary study owing to the small number of enlisted
patients. Further study is necessary to fully understand
the wound healing process that occurs following vocal
fold injury.

CONCLUSION

Some individual variation was observed in the tem-
poral changes of vocal function of scarred vocal folds
after cordectomy. However, in terms of vibratory and
aerodynamic functions, this study suggests that it takes
at least 6 months for maturation of vocal fold scarring.
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Abstract

OBJECTIVES: The larynx must be resected in some cases of cancer or stenosis, and various
techniques are generally employed to fill the resulting defect. No ideal way, however, has been
established to restore vocal function after this form of insult. The aim of this preliminary feasibility
study in a canine model was to investigate the effectiveness of a polypropylene-based tissue
engineering approach to repair a partial glottal defect. METHODS: Eight dogs were used in this
study. A laryngeal defect involving resection of the left vocal fold was created through a thyroid
cartilage window. A scaffold made of polypropylene and collagen was preclotted and wrapped

with autologous fascia lata, inserted through the window, and sutured to the laryngeal defect

in 5 dogs. The defect was reconstructed with an adjacent sternohyoid muscle flap in 3 control

dogs. The surgical site was evaluated 3 months after operation by fiberscopic examination,
computed tomographic imaging, histologic evaluation, and study of excised larynges. RESULTS: On
fiberscopic examination, the experimental group implants were completely covered with regenerated
mucosa in all cases, and a favorable vocal fold contour was found in 4 of the 5 cases. One case
was characterized by a concave vocal fold shape and red granulation. In the control group, the
muscle flap was replaced by scarred mucosa with a concave vocal fold contour in 2 cases, and
there was soft white granulation at the anterior resected edge in the third case. The histologic data
revealed the regeneration of lined epithelium, subepithelial tissue, and muscle structure in both
groups. The excised larynx phonatory data revealed reduced vibratory amplitude in the experimental
group compared with the control group; however, excised phonation was not achieved in 2 of the 3
cases in the control group. CONCLUSIONS: This polypropylene-based tissue engineering technique
appears to be a viable tool for glottal reconstruction; however, additional refinement is required to
maximize long-term phonatory function.

Full text

Objectives: The larynx must be resected in some cases of cancer or stenosis, and various
techniques are generally employed to fill the resulting defect. No ideal way. however, has been
established to restore vocal function after this form of insult. The aim of this preliminary feasibility
study in a canine model was to investigate the effectiveness of a polypropylene-based tissue
engineering approach to repair a partial glottal defect.

Methods: Eight dogs were used in this study. A laryngeal defect involving resection of the left vocal
fold was created through a thyroid cartilage window. A scaffold made of polypropylene and collagen
was preclotted and wrapped with autologous fascia lata, inserted through the window, and sutured
to the laryngeal defect in 5 dogs. The defect was reconstructed with an adjacent sternohyoid muscle
flap in 3 control dogs. The surgical site was evaluated 3 months after operalion by fiberscopie
examination, computed tomographic imaging, histologic evaluation, and study of excised larynges.

Results: On fiberscopie examination, the experimental group implants were completely covered
with regenerated mucosa in all cases, and a favorable vocal fold contour was found in 4 of the

5 cases. One case was characterized by a concave vocal fold shape and red granulation. In the
control group, the muscle flap was replaced by scarred mucosa with a concave vocal fold contour
in 2 cases, and there was soft white granulation at the anterior resected edge in the third case.
The histologic data revealed the regeneration of lined epithelium, subepithelial tissue, and muscle
structure in both groups. The excised larynx phonatory data revealed reduced vibratory amplitude
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