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symptoms or lesion progression have been observed
so far. In conclusion, this study suggests that photo-
coagulation therapy using the KTP laser is a simple
and relatively safe method that has great potential in
the treatment of venous malformations.

CONCLUSIONS

We performed endoscopic photocoagulation ther-
apy using the KTP laser for 7 adult patients with pha-

885

ryngolaryngeal venous malformations. One small
venous malformation was successfully photocoagu-
lated in the office under topical anesthesia with flex-
ible endoscopy. Even bulky venous malformations
were successfully photocoagulated by repeated de-
livery of the laser beam, without any complications
such as bleeding. Photocoagulation therapy with the
KTP laser is a feasible and relatively safe method
for treatment of pharyngolaryngeal venous malfor-
mations in adults.
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Abstract Vocal fold scarring remains a therapeutic
challenge. Our research group has indicated that bone mar-
row-derived stromal cells (BSCs) may have therapeutic
potential in restoration of injured vocal folds. However, it is
still unclear how BSCs restore the viscoelasticity of vocal
fold mucosa. Since a feature of vocal fold scarring is the
disorganization of the extracellular matrix (ECM), it is
important to understand how BSCs produce ECM. The
present study aimed to clarify ECM gene expression in
BSCs, and also examined the effects of hepatocyte growth
factor (HGF) on this expression. BSCs obtained from the
femurs of four Sprague—Dawley rats were cultured with or
without HGF. The mRNA expression of ECM components
(type 1 procollagen, decorin, Has2, CD44, MMP-1, and
GAPDH) were examined in cultured BSCs and the vocal
fold mucosa by the reverse transcription-polymerase chain
reaction (RT-PCR). The mRNA expression of Has2 and
MMP-1 was significantly stronger in BSCs than in the
vocal folds (P <0.05). Expression of Has2 in BSCs was
significantly increased by the administration of HGF
(P <0.05). There was no significant difference in the gene
expression of other ECM molecules between BSCs and
vocal fold mucosa. Increased expression of Has2 and
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MMP-1 genes from BSCs may have a positive potential in
the treatment of vocal fold scarring.

Keywords Vocal fold scarring - Hepatocyte growth
factor - Bone marrow-derived stromal cells -
Extracellular matrix

Introduction

Vocal fold scarring occurs following injury or inflamma-
tion to the vocal fold. Scarring results in a disruption of the
structure of the lamina propria, which is essential for opti-
mal vibration. It also changes the viscoelasticity of the
vocal fold mucosa and often results in severe and intracta-
ble dysphonia. Although various injectable materials such
as bovine autologous/homologous collagen, autologous fat
and mitomycin-C have been used in an attempt to treat
scarring [1-5], treatment remains difficult.

Previous animal studies on vocal fold scarring have
reported deterioration in the organization and distribution
of various extracellular matrix (ECM) components, includ-
ing dense and/or disorganized type I collagen deposition,
decreased elastin and decorin, increased fibronectin, and
occasional decreases of hyaluronic acid (HA) [6, 7]. Resto-
ration of ECM distribution is essential for achieving ade-
quate regeneration of scarred vocal folds. Of all the ECM
components, HA has been regarded as a key molecule for
the maintenance of optimal viscoelasticity of the vocal
fold. This has led to the concept that administration or
increase of HA may be useful for softening scarred vocal
folds [8, 9].

Hepatocyte growth factor (HGF) has strong antifibrotic
activity that has been shown to contribute to the prevention
or the complete resolution of fibrosis in liver, kidney and
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lung in animal models [10]. The senior author in this study
has suggested that HGF may also have a therapeutic poten-
tial in restoring scarred vocal folds since HGF increased
HA production and decreased collagen production in vocal
fold fibroblasts [11, 12].

Mesenchymal stem cells (MSCs) are pluripotent cells
with the potential to differentiate into chondrocytes, osteo-
blasts, adipocytes and other tissues of mesenchymal origin
[13, 14]. Bone marrow-derived stromal cells (BSCs) are
easily accessible from bone marrow aspirates and are
enriched sources of MSCs. Using a canine model, we
examined the effects of local injection of cultured BSCs
into injured vocal folds on tissue regeneration of the
mucosa. Our results showed that the group injected with
BSCs showed better wound healing and regeneration of the
injured mucosa both morphologically and histologically
[15]. However, it is still unclear how injected BSCs work in
regeneration of the vocal fold. Our previous study revealed
that injected BSCs differentiated into epithelial and mesen-
chymal cells in the vocal fold, suggesting that this multipo-
tency may contribute to regeneration of vocal fold tissue
[16]. Another important aspect may be the effect of BSCs
on ECM reorganization, since ECM organization deter-
mines the tissue properties of the vocal fold; however, it is
still unknown how BSCs influence ECM deposition. The
present study aimed to clarify gene expression of the ECM
in BSCs and also addressed how HGF influences gene
expression in BSCs.

Materials and methods
Animals

Four Sprague—Dawley rats, aged 8 weeks, were used in
this study (Japan SLC Inc., Hamamatsu, Japan). All experi-
mental protocols were approved by the Animal Research
Committee of the Graduate School of Medicine, Kyoto
University, Japan. Animal care was under the supervision
of the Institute of Laboratory Animals of the Graduate
School of Medicine, Kyoto University, Japan,

Isolation and culture of rat bone marrow-derived stromal
cells

Animals were anesthetized by intramuscular injection of
ketamine hydrochloride (75 mg/kg) and xylazine hydro-
chloride (9 mg/kg). The femurs of each animal were
exposed and a 1 mm diameter hole was drilled using a dia-
mond bur. The medullary cavity was aspirated and 0.1 ml
of bone marrow was collected. Marrow cells were cultured
in a 10.cm dish with 10 ml Dulbecco’s modified Eagle’s
medium (DMEM) supplemented with 10% fetal bovine
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serum (FBS) and antibiotics, at 37°C under 5% CO,. The
medium was changed twice a week until the cells were 80%
confluent. Non-adherent cells, such as hematogenic cells,
were removed during the medium change procedure and
adherent cells were collected. We investigated the expres-
sion of ECM proteins in primary culture cells with no pas-
saging (P0), secondary culture cells after one passage (P1),
and secondary culture cells with HGF (100 ng/ml) for 24 h
(P1 + HGF).

Harvest of rat vocal fold mucosa

Animals were euthanized by intracardiac injection of Nem-
butal. The larynx was immediately dissected out and the
lamina propria and epithelium of the vocal fold were
removed using a microscope.

Gene expression analysis
Extraction of total RNA

Rat vocal folds and BSCs were homogenized using a Mixer
Mill MM 301 (F. Kurt Retsch GmbH & Co. KG, Haan,
Germany), and total RNA was isolated using an RNeasy
Mini Kit (Qiagen, Valencia, CA, USA). The quantity of
total RNA was determined using the A260/A280 ratio, and
the quality was evaluated based on the appearance of the
18S and 28S ribosomal RNA bands on electrophoresis.

Complementary DNA (cDNA) synthesis

To eliminate genomic DNA contamination, total RNA was
treated with DNase I (Ambion, Austin, TX, USA). The
cDNA was prepared by reverse transcription (RT) using
TagMan® Reverse Transcription Reagents (Applied Bio-
systems, Foster City, CA, USA). The total volume of the
RT reaction was 50 pl and the final concentrations of the
reagents in the reaction mixture were as follows: RT buffer
(Ix), MgCl, (5mM), deoxynucleoside triphosphate
(dNTP) mixture (0.5 mM for each), random hexamer mix
(2.5 uM), RNase inhibitor (0.4 units/pl), MultiScribe™
Reverse Transcriptase (1.25 units/pl), and 2 pL of total
RNA. The reactions were performed using a GeneAmp
PCR System 9700 (Applied Biosystems, Foster City, CA,
USA) with the following parameters: 25°C for 10 min,
48°C for 30 min, 95°C for 5 min and 4°C for 5 min.

Primer design

The primers for type I procollagen, decorin, CD44, hyalu-
ronic acid synthase 2 (Has 2), matrix metalloprotease-1
(MMP-1), and glyceraldehyde-3-phosphate dehydrogenase
(GAPDH, a constitutively expressed gene included as a
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control) were initially designed and tested elsewhere
[17-19].

Primers were synthesized by Hokkaido System Science
Co. Ltd, Hokkaido, Japan. All primers generated a single
PCR band of the expected size and PCR products were ver-
ified by DNA sequencing. The sequences and optimal con-
ditions of the primer sets as well as the expected sizes of the
resulting PCR products are shown in Table 1.

Amplification of cDNA with polymerase chain reaction
(PCR)

In order to avoid saturation effects resulting from excess
cDNA template, the amount of cDNA used for each primer
was first determined by an initial optimization step. Two-
fold serial dilutions of cDNA were amplified simulta-
neously for 35 cycles. The densities of the PCR products
were plotted against the amount of starting cDNA. The
cDNA concentration chosen produced a PCR product that
fell within the linear range before it reached a maximum
plateau. GAPDH was coamplified with each experimental
group to confirm the use of equal amounts of cDNA. PCR
amplification was performed in a reaction volume of 50 pl,
using the GeneAmp PCR System 9700. Five micro liter of
each cDNA sample was amplified with 2.5 pl (0.5 pM) of
target specific primers (Table 1), 5 pl of ANTPs (0.2 mM
for each) and 25 U/ml Ex Taq™ polymerase (TaKaRa Bio
Inc., Shiga, Japan) in PCR buffer (5 pl, Tris-HCI, pH 8.3;
50 mm KCI; 1.5 mM MgCl,). The cycling conditions for all
primer combinations were as follows: denaturation at 94°C
for 30s, annealing at the optimal primer temperature
(Table 1) for 30 s and extension at 72°C for 1 min. All reac-
tions were performed in duplicate. PCR products were elec-
trophoresed through a 2% agarose gel (Wako, Osaka,
Japan) containing 0.5 mg/ml ethidium bromide (Wako,
Osaka, Japan). Images were captured by printgraph (Atto

Bioinstrument, Tokyo, Japan) and analyzed using Scion

Image (Scion Corporation, Frederick, MD, USA) on a Win-
dows computer. The rate of gene expression was analyzed
by comparing the mean band intensity normalized to the
mean band intensity of GAPDH.

Statistical analysis

Statistical analysis was performed using a one-way non-
parametric analysis of variance, followed by the Mann-
Whitney U test. P < 0.05 was considered to be statistically
significant.

Results

The results of the RT-PCR analysis are shown in Fig. 1.
Despite differences in intensity, mRNA of type I procolla-
gen, decorin, CD44, Has2 and MMP-1 were detected in the
BSCs and vocal folds of each rat.

The mRNA expression of Has2 in the BSCs was found
to be significantly stronger than that in the vocal folds,
regardless of the passage of time (P <0.05; Fig. 2). The
mRNA expression of Has2 in the P1 BSCs with HGF
(P1 + HGF) was significantly stronger than that in the P1
BSCs without HGF (P1 alone) (P < 0.05; Fig. 3).

The mRNA expression of MMP-1 in the BSCs was sig-
nificantly stronger than that in the vocal folds regardless of
the passage time (P < 0.05; Fig. 4). No significant differ-
ence was noted in mRNA expression of MMP-1 between
P1 BSCs with or without HGF (Fig. 5).

Decorin

Procollagen

Fig. 1 The mRNA expression of type I procollagen, decorin, CD44,
Has2, MMP-1 and GAPDH in BSCs and vocal folds. mRNA expres-
sion was detected in all of the samples

Table 1 Primer sequences and

. % Primers (5'-3") Product ~ MgCl, AT
optimal PCR conditions (bp) (mM) ©C)
Forward Reverse
Type I procollagen cctgetggtecttctggee ccactctgggtggctgagte 356 1.5 56
Decorin tgggtctggacaaagtacce fcccagagttittcagtggg 363 1.5 56
CD44 tcatgttagagcatccgtge gggtigtacatcatgectce 373 L3 56
Has2 catgatggacatcttcagtgaag gtgtctgagtcacacacctg 257 L5 56
MMP-1 tigttgetgeccatgagett actttgtcgccaattccagg 639 1.5 56
GAPDH acccccaatgtatcegttgt tactccttggaggecatgta 299 1.5 56
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Fig.2 Analysis of normalized mRNA expression of Has2 in BSCs
and vocal folds. Expression was found to be significantly stronger in
BSCs than in vocal folds regardless of the passage of time (P < 0.05)
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Fig. 3 Analysis of normalized mRNA expression of Has2 in P1 BSCs
with or without HGF. The expression in BSCs with HGF (P1 + HGF)
was found to be significantly stronger than in BSCs without HGF (P1)
(P<005)

No significant difference was found in the mRNA
expression of type I procollagen, decorin, or CD44 between
BSCs and vocal folds.
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Fig.4 Analysis of normalized mRNA expression of MMP-1 in the
vocal folds and BSCs. Compared to the expression in the vocal folds,
the expression in BSCs was found to be significantly stronger regard-
less of the passage of time (*P < 0.05)
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Fig.5 Analysis of normalized mRNA expression of MMP-1 in P1
BSCs with or without HGF. No difference was detected with or without
HGF (P < 0.05)

Discussion

Vocal fold scarring remains a therapeutic challenge. At the
Chevalier Jackson Lecture at the annual meeting of the
American Bronchoesophagological Association in 1995,
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Hirano stated that treatment of vocal fold scarring was one
of the problems that awaited improvement in the future,
and that future directions would include developing tech-
niques to replace scar tissue with normal pliable mucosa, or
to soften scar tissue with medicine or physical energy [20].
Tissue engineering and regenerative medicine has helped to
shed light on this field. A tissue engineering technique was
proposed by Langer et al. [21] to regenerate organs or tis-
sues. This technigue was composed of three fundamental
elements: cells, scaffold and growth-regulation factors. Our
research group has focused on the use of cells and growth
factors for regeneration of the vocal fold mucosa. Previ-
ously, we used BSCs for regeneration of injured vocal folds
and found that BSCs have great potential for treatment of
vocal fold scarring [15, 16].

Since the ECM is the key to determining tissue proper-
ties of the vocal feld, it is important to take into account the
relevance of BSCs to ECM synthesis in order to better
understand and implement cell therapy using BSCs for
vocal fold scarring. This study investigated gene expression
of several ECM components that have been regarded as
important for the vocal fold architecture. Type I collagen is
known to be responsible for the tensile strength of tissue,
and dense and/or disorganized type I collagen deposition
has been found in scarred vocal folds [6]. Excessive deposi-
tion of disorganized collagen may have a negative effect on
vibratory properties due to increased tensile strength.
Matrix metalloproteinases have various subtypes and are
the major factors that degrade ECM [19]). MMP-1 (intersti-
tial collagenase) degrades extracellular fibers comprised of
types I and III collagen. It is well known that HGF
enhances the activity of MMP-1 in several cells, which in
turn may dissolve the fibrous matrix [22). Decorin, a small
proteoglycan, is abundant in the superficial layer of the
lamina propria [8]. It binds to the surface of collagen fibrils
through its core protein and affects the rate of fibril forma-
tion [23]. Decorin has been found to be decreased in
scarred vocal folds of rabbits [7]. Hyaluronic acid (HA) is
an important ECM component that is thought to play a
major role in maintaining the viscoelasticity of the lamina
propria in the vocal fold [8]. CD44 is a family of plasma
membrane glycoproteins encoded by a single gene, and is
known as the most abundant receptor for HA [9]. In this
study, mRNA expression of Has2 and MMP-1 was signifi-
cantly stronger in BSCs than in the vocal folds, whereas
there was no significant difference in gene expression of the
other molecules examined. These characteristics of BSCs
are thought to be useful in the treatment of scarring since an
increased level of HA would be expected to reduce scarring,
and enhanced MMP-1 would work to dissolve deposited
collagen in the lamina propria of the vocal fold. HGF has
‘also been proven to increase the level of gene expression of
Has2 in BSCs. These results suggest that the combination
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of BSCs and HGF could provide powerful effects for
improving vocal fold scarring.

It is not certain whether implanted BSCs produce more
HA and MMP-1 in vivo, due to the alteration of function in
producing ECM from phenotypic changes after differentia-
tion or mitosis. However, the genetic features of BSCs are
at least in part regarded as favorable for restoration of
scarred vocal folds.

Conclusion

The current study has shown that expression of Has2 and
MMP-1 was significantly stronger in BSCs than in vocal
folds. We also found that expression of Has2 in BSCs was
significantly enhanced by administration of HGF. The
genetic features of BSCs in terms of ECM production may
have positive effects on treatment of vocal fold scarring,
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One Year Outcome of Damaged Lingual
Nerve Repair Using a PGA-Collagen Tube:
A Case Report

Kenji Seo, DDS, PbD,* Yuji Inada, MD,}
Makoto Terumitsu, DDS, PhD,# Tatsuo Nakamura, MD,f
Katsubiro Horiuchi, DDS, PbD,Y Tkubisa Inada, DDS, MD,#
and Genji Someya, DDS, PhD**

Traumatic injury of the lingual nerve is in many cases
iatrogenic, extraction of the third molar being the
most frequent cause.'™ Deficits in taste, thermal and
touch sensations, and abnormal sensations (eg, pares-
thesia and dysesthesia) are frequently caused by pe-
ripheral nerve damage, leading to difficulties in eating
and/or speech. In contrast to natural improvement
after slight or moderate sensory impairment in the
orofacial region, several studies have reported the use
of surgical intervention with either direct anastomosis
or autograft to reconstruct nerve gap and/or remove
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neuromas.”'? Gap repairs often result in unsatisfac-
tory results and donor site morbidity.

A new and effective treatment method for com-
plete sensory loss is thus desirable. We report here a
patient with lingual nerve damage and a complete
deficit in lingual sensation who received surgical re-
pair using a new artificial nerve of a polyglycolic acid
(PGA) tube containing collagen (PGA-collagen tube)
(Kyoto University, Kyoto, Japan). The result 1 year
after operation was an excellent improvement of sen-
sory and behavioral difficulties despite a long nerve
gap, indicating that such a treatment method could
demonstrate efficacy.

Report of a Case

A 30-year-old woman underwent extraction of an im-
pacted third molar of the right mandible. Tooth extraction
seemed to have been conducted without difficulty, al-
though the patient remembered an electrical shock running
in the Iower jaw when local anesthesia was performed in
the retromolar area. Almost 1 week later, she noticed pro-
longed numbness in her right lingual area. Over a period of
several weeks, she began to have trouble in talking and
eating because of difficult tongue movements and a slight
but gradually increasing chronic lingual pain. Four months
after the extraction, she was admitted to the dental hospital
of our university and diagnosed with complete sensory loss
in the right lingual nerve. The surface of her tongue looked
flat and white and the taste buds were completely lost on
the right side of the tongue (Fig 1). Tongue movements
were less controlled, resulting in difficulties in talking and
eating, but not dysphasia. She also noticed the loss of the
taste sensation on the right side of her tongue that con-
trasted to a normal feeling on the other side. She suffered
from chronic pain in the tongue. :

A quantitative sensory test was conducted according to
previously described methods.”' Briefly, brush stroke per-
ception was evaluated as follows: the patient was blind-
folded and asked to respond to a light touch brush stroke
direction (eg, anterior, posterior, rightward, or leftward).
Perception was assessed and calculated from successful
rates of 15 trials. The mechanical touch threshold was
measured using Semmes-Weinstein monofilaments. The pa-
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FIGURE 1. Photograph of the patient’s tongue at first admission.
Taste buds on the right side are completely diminished.

Seo et al. Damaged Lingual Nerve Repair Using PGA-Collagen
Tube. ] Oral Maxillofac Surg 2008.

tient was also blindfolded and asked to declare when she
felt the filament attachments on her tongue. The value for
each tongue site was determined by calculating the average
of 2 or 3 descending and ascending series trials applied to
the same site. Application of a thermal applicator to the
tongue for just a few seconds only, to prevent tissue dam-
age, was performed to estimate ability to perceive 60°C.
Two-point discrimination was estimated by the minimum
perception length required for a 2-touch test as 2 separate
points when 2 filaments were applied to the tongue surface
in different parts or directions, and the average of minimum
lengths from 5 trials was calculated. Taste sensitivity was
evaluated by an electrogustometer (TR-06, Rion Co Ltd,
Tokyo, Japan) and was compared with the corresponding
part on the opposite side of the tongue.

FIGURE 2. Intraoral view of the patient just before repair. The left
side represents the maxilla and the right side the mandibular
region. Two stump-like enlargements o? the cut nerve end are
observed. Arrows A and B indicate the neuroma on the proximal
and distal sites, respectively, of the damaged lingual nerve.

Seo et al. Damaged Lingual Nerve Repair Using PGA-Collagen
Tube. J Oral Maxillofac Surg 2008.
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FIGURE 3. Neuromas resected from the distal (A) or proximal (B)

end of the injured lingual nerve.

Seo et al. Damaged Lingual Nerve Repair Using PGA-Collagen
Tube. J Oral Maxillofac Surg 2008.

At first admission, all tests showed complete sensory loss
in the anterior part of the right side of the tongue. The
patient could not correctly detect any moving direction in
any part on the right side of the tongue, or recognize
between 2 points using the 2-different touch application
test. As well, mechanical touch threshold was out of scale
and the patient could not detect heat even at 60°C. These
results strongly suggested the complete loss of continuity of
the lingual nerve; therefore, surgical intervention was rec-
ommended. Informed consent was obtained from the pa-
tient to use a new PGA-collagen tube on the damaged part
of the lingual nerve.

The operation was conducted under general anesthesia 9
months after the extraction. The anterior lingual ridge of
ramus was slightly reduced for a wide view of the lingual
space (Fig 2). The medial end of the lingual nerve was found
in the inside lower part of ramus. This was shaped like a
sphere, forming a neuroma of 7 mm in diameter (Fig 3B). By
contrast, the distal end was attached to the periosteum of
the lingual mandible close to a canine region and its shape
resembled a stump, also forming a neuroma of 7 X 3 X 4
mm (Fig 3A). These resected nerve ends were located with
an over 40 mm interval between them.

Neuromas were removed from each end of the lingual
nerve, and the freshly cut ends inserted and fixed to the
insides of both ends of a PGA-collagen tube (length, 50 mm;
outer diameter, 5 mm) under microsurgery (Fig 4). No
complication occurred during or after the operation.

Chronic pain observed before the operation diminished
soon afterward. Difficulties in talking and eating improved
rapidly, and the patient’s quality of daily life activities sig-

FIGURE 4. A, PGA collagen (polyglycolic acid<ollagen) tube.
Outer diameter 5 mm and length 5 cm. B, Intraoral view of the
patient just after finishing reconstruction using the tube.

Seo et al. Damaged Lingual Nerve Repair Using PGA-Collagen
Tube. J Oral Maxillofac Surg 2008.
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nificantly improved because there was no more dysesthesia
in the tongue during movement. For several weeks after the
operation, jaw opening movements induced pain, resulting
in mild trismus (approximately 20 mm between the upper
and lower incisors). Daily administration of antiinflimma-
tory agents resolved this problem, resulting in no pain while
eating or speaking. Changes in quantitative sensory tests
were followed postoperatively (Fig 5). Recovery of brush
stroke sensation began at 90 days after operation; and 150
days later had reached a normal level. Mechanical touch
threshold started to improve very early after the operation,
but just reached a low grade level compared with the
reported normal value and did not improve any further.
Two-point discrimination and the ability of heat perception
improved very slowly, taking approximately 200 days from
the operation. Taste sensation did not change subjectively,
but slight changes in recordings from the electrogustometer
began to increase to 20 dB at the anterior part, and to 30 dB
at the lateral part of the damaged side at 1 year and later
after the operation. Further observations will be needed to
confirm the longer term prognosis.

Discussion

The case presented here exhibited neurotmesis or
Sunderland’s’ classification class 5.'* No papilla on
the injured site of the tongue was detected, implicat-
ing loss of continuity in the lingual nerve caused by
lack of supply of neurotrophin. This also supported a
complete disruption of the lingual nerve trunk. Symp-
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toms of spontaneous and/or elicited type dysesthesia
suggested inclusion of neuroma formation.

Surgical intervention was thus appropriate for the
complete peripheral nerve disruption in this case.
This treatment consists of a direct suture, an au-
tograft, and an indirect suture of the separated nerve
gap using some other tissue or biomaterial. Autoge-
nous nerve graft, as for a sural nerve, has been used
for lingual nerve injury.®'° Based on previous crite-
ria,>'® our case indicated surgical intervention was
called for.

The PGA-collagen tube used in this case is a bio-
absorbable material. Its natural absorption is also ben-
eficial for foreign body implantation. Collagen applied
in the PGA tube can act as a growth medium within a
conduit, and can facilitate regeneration of myelinated
fibers.'® Collagen-filled PGA tubes also allow func-
tional recovery from sensory deficits and are desirable
materials for treatment of complete nerve deficits.
Several reports have shown that PGA tubes filled with
collagen result in excellent outcomes both experi-
mentally’*'> and clinically.’®'® Our study using a
50-mm PGA-collagen tube in the trigeminal area is the
first to report the successful use of such a long tube in
this particular area.

As well, a PGA-collagen tube is effective for treat-
ment of neuropathic pain. Inada'” successfully used
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PGA-collagen tubes to treat causalgia. This could be
explained by the surgical resection of the neuroma
that sends ectopic afferent discharges relating to dys-
esthesia.’®?’ However, the mechanism of pain relief
and the prolonged maintenance of pain-free status
after operation remain unclear.

With regard to the timing of surgical reconstruc-
tion, the patient in our case underwent surgery 9
months after the original injury. Electrogustometric
examinations suggested taste function recovery took
over 1 year from the operation. Therefore, while
PGA-collagen tubes for nerve repair might allow the
recovery of taste sensation even after a long period
following injury, recovery might require longer than
expected. Taste buds in the human tongue are con-
nected to unmyelinated nerve fibers,** and while sev-
eral reports have described recovery of myelinated
fibers, there are none reported for unmyelinated fi-
bers.'*'> This indicates that nerve recovery has dif-
ferent features, and prognosis might depend on the
type of the damaged peripheral nerve fibers (eg, my-
elinated or unmyelinated).

In conclusion, we reported the successful recovery
of sensory loss in the tongue through the use of
PGA-collagen tubes sutured to nerve ends with a
50-mm nerve gap. Functional recovery was partial
according to a neurosensory test. Neuromas were
detected on both sides of the injured nerve; dysesthe-
sia disappeared soon after their resection. Difficulties
in eating and speaking also rapidly resolved. The
present case represented a pioneering trial to regen-
erate oral sensory function in chronic nerve injury
with a long nerve gap.

References

1. Bataineh AB: Sensory nerve impairment following mandibular
third molar surgery. ] Oral Maxillofac Surg 59:1012, 2001

2. Giilicher D, Gerlach KL: Sensory impairment of the lingual and
inferior alveolar nerves following removal of impacted mandib-
ular third molars. Int J Oral Maxillofac Surg 30:306, 2001

3. Robinson PP, Loescher AR, Yates JM, et al: Current manage-
ment of damage to the inferior alveolar and lingual nerves as a
result of removal of third molars. Br ] Oral Maxillofac Surg
42:285, 2004

89

DAMAGED LINGUAL NERVE REPAIR USING PGA-COLLAGEN TUBE

4. Robert RC, Bacchetti P, Pogrel MA: Frequency of trigeminal
nerve injuries following third molar removal. J Oral Maxillofac
Surg 63:732, 2005

5. Zuniga JR, LaBanc JP: Advances in microsurgical nerve repair.
J Oral Maxillofac Surg 51(suppl 1):62, 1993

6. Zuniga JR: Surgical management of trigeminal neuropathic
pain. Atlas Oral Maxillofacial Surg Clin N Am 9:59, 2001

7. Colin W, Donoff RB: Restoring sensation after trigeminal nerve
injury: A review of current management. ] Am Dent Assoc
123:80, 1992

8. Hillerup S, Hjgrting-Hansen E, Reumert T: Repair of the lingual
nerve after iatrogenic injury. J Oral Maxillofac Surg 52:1028,
1994

9. Pogrel MA, Maghen A: The use of autogenous vein grafts for

inferior alveolar and lingual nerve reconstruction. J] Oral Max-

illofac Surg 59:985, 2001

Pogrel MA: The results of microneurosurgery of the inferior

alveolar and lingual nerve. ] Oral Maxillofac Surg 60:485, 2002

Seo K, Tanaka Y, Terumitsu M, et al: Characterization of differ-

ent paresthesias following orthognathic surgery of the mandi-

ble. J Oral Maxillofac Surg 63:298, 2005

Sunderland S: The anatomy and physiology of nerve injury.

Muscle Nerve 13:771, 1990

Lee D-Y, Choi B-H, Park J-H, et al: Nerve regeneration with the

use of a poly (L-lactide-co-glycolic acid)-coated collagen tube

filled collagen gel. J Cranio-maxillofac Surg 34:50, 2006

Matsumoto K, Ohnishi K, Kiyotani T, et al: Peripheral nerve

regeneration across an 80-mm gap bridged by a polyglycolic

acid (PGA)-collagen tube filled with laminin-coated collagen
fibers: A histological and electrophysiological evaluation of

regenerated nerves. Brain Res 868:315, 2000

Nakamura T, Inada Y, Fukuda S, et al: Experimental study on

the regeneration of peripheral nerve gaps through a polygly-

colic acid-collagen (PGA-collagen) tube. Brain Res 1027:18,

2004 .

Schlosshauer B, Dreesmann L, Schaller HE, et al: Synthetic

nerve guide implants in humans: A comprehensive survey.

Neurosurgery 59:740, 2006

Inada Y, Morimoto 8, Moroi K, et al: Surgical relief of causalgia

with an artificial nerve guide tube: Successful surgical treat-

ment of causalgia (Complex regional pain syndrome type II) by
in situ tissue engineering with a polyglycolic acid-collagen

tube. Pain 117:251, 2005

Inada Y, Morimoto §, Takakura Y, et al: Regeneration of pe-

ripheral nerve gaps with a polyglycolic acid-collagen tube.

Neurosurgery 55:640, 2004

Gregg JM: Studies of traumatic neuralgias in the maxillofacial

region: Surgical pathology and neural mechanisms. J Oral Max-

illofac Surg 48:228, 1990

Seltzer Z, Beilin BZ, Ginzburg R, et al: The role of injury

discharge in the induction of neuropathic pain behavior in rats.

Pain 46:327, 1991

Yates JM, Smith KG, Robinson PP: Ectopic neural activity from

myelinated afferent fibres in the lingual nerve of the ferret

following three types of injury. Brain Res 874:37, 2000

Renton T, Thexton A, Crean S, et al: Simplifying the assess-

ment of the recovery from surgical injury to the lingual nerve.

Br Dental J 200:569, 2006 )

10.

11.

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22



Eur Arch Otorhinolaryngol (2009) 266:367-371
DOI 10.1007/s00405-008-0760-3

Efficiency of a transtympanic approach to the round window

membrane using a microendoscope

Harukazu Hiraumi - Takayuki Nakagawa - Juichi Ito

Received: 12 March 2008 / Accepted: 1 July 2008 / Published online: 19 July 2008

© Springer-Verlag 2008

Abstract There has been increasing interest in cochlear
drug delivery through the round window membrane
(RWM). However, placing drugs on the RWM is difficult
because of anatomical barriers. We examined the efficacy of
a microendoscope for a transtympanic approach to the
RWM. We evaluated the visibility of the RWM using four
approaches: transtympanic microendoscopic, transtympanic
microscopic, transmastoid microendoscopic, and transmas-
toid microscopic in ten human temporal bones. For the
transtympanic approach, we made a fenestration (2 x 1 mm)
in the postero-inferior quadrant of the tympanic membrane.
For the transmastoid approach, conventional posterior hypo-
tympanotomy was performed. The transtympanic microen-
doscopic approach enabled visualization of the RWM in all
specimens, whereas the transtympanic microscopic
approach only permitted visualization in three specimens.
Through the transmastoid approach, the RWM was visible
in all specimens using either a microendoscope or a micro-
scope. The transtympanic microendoscopic approach can be
utilized for cochlear drug delivery through the RWM.

Keywords Microendoscope - Round window membrane -
Cochlea - Drug delivery
Introduction

Sensorineural hearing loss (SNHL) is one of the most com-
mon disabilities in industrial countries. Systemic adminis-

H. Hiraumi (B<) - T. Nakagawa - J. Ito

Department of Otolaryngology, Head and Neck Surgery,
Graduate School of Medicine, Kyoto University,
Kawaharacho 54, Shogoin, Sakyo-ku, 606-8507 Kyoto, Japan
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tration of steroids has been widely used for the treatment of
acute profound hearing loss [1]; however there are limita-
tions in their clinical efficacy [2]. At present, therapeutic
strategies are limited to hearing aids and cochlear implants
for patients with chronic SNHL. Based on this background,
basic investigations have elucidated several agents that are
effective for the treatment of SNHL. However, the problem
of how to deliver drugs to the inner ear has been a consider-
able obstacle to the development of treatments for SNHL.
The blood-inner ear barrier prevents the transportation of
serum drugs to the inner ear, and the blood flow to the inner
ear is very limited.

Drug transduction through the round window membrane
(RWM) is one option for delivering drugs into the inner
ear. Continuous infusion of RWM with an osmotic pump
and microcatheter has been reported as an effective and safe
approach [3]. However, it requires surgery and the invasion
cannot be overlooked. Recently, new local drug application
procedures using biodegradable substances are gaining
interest [4, 5]. The inner ear is one of the targets for local
drug administration using biodegradable gelatin hydrogels
[6, 7]. In this drug delivery system, positively charged pro-
teins or peptides are electrostatically trapped in negatively
charged gelatin polymer chains. As the gelatin polymer
chains degrade, proteins or peptides are released from the
hydrogel. The released protein is conveyed through the
RWM into the inner ear via a concentration gradient.
Therefore, close contact of biodegradable hydrogels with
the RWM is critical for efficient drug delivery to inner ear
fluids.

The RWM is situated perpendicular to the tympanic
membrane and deep in the round window niche. In some
cases, a false membrane covers the RWM. For safe and cer-
tain drug administration, hydrogels containing drugs should
be placed on the RWM under direct visualization. Use of a
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microendoscope is an effective method for visualization of
the RWM [8]. It is equipped with a working channel, which
can be used in drug administration. However, the potential
of microendoscopes for placing substrates on the RWM has
not been evaluated, and it is important to clarify the preva-
lence of subjects in whom the RWM is microendoscopi-
cally visible. In the present study, we examined the
potential of a specially modified microendoscope for a
transtympanic approach to the RWM using human tempo-
ral bones.

Materials and methods

Ten formalin-fixed temporal bones with no middle or inner
ear diseases were obtained from six individuals (aged from
68 to 76 years at death, five male, and one female). A mic-
roendoscope (0.9 mm in outer diameter, 50 mm in length;
FiberTech, Tokyo, Japan) was specially modified in the fit
angle for observation of the RWM through the tympanic
membrane. The tip is curved 15° (Fig. 1). The view angle is
70°. It is equipped with a working channel (0.3 mm in
diameter).

We used four different approaches to observe the RWM
as follows: (1) transtympanic microendoscopic, (2) trans-
tympanic microscopic, (3) transmastoid microendoscopic,
and (4) transmastoid microscopic. For the transtympanic
approach, a small fenestration (2 x 1 mm) was made in the
posterior inferior quadrant of the tympanic membrane using
a knife (Fig. 2). The microendoscope was inserted into the
middle ear through this fenestration and set to provide the
best view of the RWM. For observation with a microscope,
the fenestration edge in the tympanic membrane was gently
pushed with a curved needle to obtain the best access to the

Fig.1 A microendoscope specially modified for better visualization
of the RWM. The outer diameter is 0.9 mm and the length is 50 mm.
The view angle is 70°. It is equipped with a working channel (0.3 mm
in diameter)
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Fig.2 A small fenestration (2 x 1 mm) was made in the posterior
inferior quadrant of the tympanic membrane using a knife. Posterior
hypotympanotomy was made as large as possible. In all specimens, the
facial nerve and chorda tympani were skeletonized

RWM. For transmastoid approaches, canal-wall up com-
plete mastoidectomy and posterior hypotympanotomy were
performed under conventional microscopy (Leica M300,
Leica Microsystems, Wetzlar, Germany). The bones cover-
ing the middle cranial fossa dura, the posterior fossa dura,
and the sigmoid sinus were drilled to be as thin as possible.
The bony wall of the external auditory canal was preserved.
The facial nerve and chorda tympani nerve were skeleton-
ized and the facial recess was opened as large as possible
(Fig. 2).

The RWM was observed through a posterior hypotym-
panotomy with a microendoscope or a microscope. Surgical
procedures were performed by one author (Harukazu Hira-
umi). The view of the RWM and surrounding structures
using the four approaches was video-captured. Frames
showing best view of the RWM were converted into still
images, and the area of the RWM was measured using
image-processing program, Image]. An angled hook
(1.0 mm sharp tip) was used as a reference. Total area of
the RWM was measured after drilling the round window
niche. The visibility of the RWM was calculated and
graded into three classes: Grade I as no or little visualiza-
tion of the RWM (<20%), Grade II as defined by >20%,
and Grade III as defined by >70%. In three samples, the
round window niche was covered with false membranes. In
these cases, the false membranes were removed with a
curved needle under microscopic view via posterior hypo-
tympanotomy.

Results
A microendoscope was smoothly inserted into the middle

ear cavity and the incuidostapedial joint was observed eas-
ily in all the specimens. The percentage of the area of the
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RWM under direct vision was shown in the Table 1. The
transtympanic microendoscopic approach enabled visuali-
zation of the RWM in all the specimens (Fig. 3). In three
specimens, the RWM was totally observed (Fig. 4a). We
used the incuidostapedial joint as a landmark to identify the
location of the round window niche and the tip of the mic-
roendoscope was safely oriented to the RWM. No hazard-
ous events such as ossicular dislocation or disruption of the
tympanic membrane occurred. In contrast to the transtym-
panic microendoscopic approach, a transtympanic approach
using a microscope provided visualization of the RWM in
only three specimens (Fig. 3). Even in those three speci-
mens, the view of the RWM was very limited (Fig. 4c¢). In
the other seven specimens, the RWM was not observed, as
the overhang of the round window niche was an obstacle
for visualization. The visibility of the RWM through the
transtympanic microendoscopic approach was significantly
superior to that through transtympanic microscopic
approach (Fig. 3, P < 0.01, Wilcoxon matched-pair signed-
rank test).

In all the specimens, the transmastoid approach provided
an excellent view of the RWM using either microendo-
scope (Fig. 4b) or microscope (Fig. 4d). The transmastoid
microendoscopic approach provided a wide view of the
middle ear cavity; for instance more than 70% of the tym-
panic membrane was visible in nine (microendoscopic),
and seven (microscopic) specimens.

Discussion

The present results demonstrate that a microendoscope pro-
vided a satisfactory view of the RWM through a transtym-
panic approach with only a 2-mm incision on the tympanic
membrane. Although the transmastoid microscopic
approach provides an excellent view and favorable access
to the RWM, this approach requires mastoidectomy and is
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Fig. 3 The visibility of the RWM for four approaches. Grade I as no
or little visualization of the RWM (<20%), Grade II as defined by
>20%, and Grade III as defined by >70%. The visibility through the
transtympanic microendoscopic approach was better than that with
transtympanic microscopic approach

not adequate for local drug application for treatment of
SNHL. In contrast, the transtympanic microendoscopic
approach requires only a small fenestration in the tympanic
membrane. Therefore, the transtympanic microendoscopic
approach may be applicable for office-based treatment.
Conventional endoscopes with 30° provide good visuali-
zation of the RWM [9, 10]. However, endoscopes with
attached CCD cameras are not easy to handle. In office-
based usage, the endoscope is usually placed just outside of
the tympanic membrane [11], and tools used for drug appli-
cation can hinder the view. The outer diameter is 1.7 mm or
larger, requiring larger myringotomy. In addition, use of a
conventional endoscope for drug delivery onto the RWM
requires another channel for drug application, resulting in

Table 1 The percentage of the

sisilaataatindmt adintoe No Side Transtympanic Transmastoid
membrane using four approach- Microendoscope (%) Microscope (%) Microendoscope (%) Microscope (%)
es

| Left 80.2 0.0 91.6 70.1

2 Left 54.5 0.0 78.1 72.0

3 Left 78.8 23.0 87.3 79.6

4 Left 59.1 0.0 73.3 84.8

5 Left 48.2 14.6 94.8 71.6

6 Right  49.7 0.0 80.7 61.3

7 Right 79.9 0.0 87.6 75.7

8 Right 39.5 0.0 66.2 423

9 Right 62.0 20.1 84.9 83.2

10 Right 56.9 0.0 82.8 65.4
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Transmastoid

Transtympanic

Microendoscope

Microscope

Fig. 4 The RWM of bone three observed through four approaches (ar-
row heads). The transtympanic microendoscopic approach (a), trans-
mastoid microendoscopic approach (b), and transmastoid microscopic
approach (d) provided good views. In the transtympanic microscopic
approach (c¢), only a small part of the RWM was observed with the aid
of a curved needle

increase of surgical invasion on-the tympanic membrane.
This means that enlargement of the size of tympanotomy or
making additional tympanotomy site is necessary. Conven-
tional microendoscopes are made for the inspection of the
nasolacrymal ducts, and their tips are straight. The external
auditory canal is S-shaped [12], and it is difficult to direct
straight microendoscope to the RWM. The modified mic-
roendoscope used in the current study is quite smaller than
conventional ones, and is connected to a CCD camera sys-
tem via a cable. The curved tip fitted the external auditory
canal. This configuration provides excellent handling of
equipment for drug delivery. In addition, the microendo-
scope used in this study has a working channel that can be
utilized for application of substrates onto the RWM.

The aim of the current study was to evaluate the accurate
RWM drug application efficacy of a microendoscope with
angles modified to ease RWM access. For clinical use of
previously developed local drug delivery systems [3, 8],
safe and stable visualization of the RWM through the tym-
panic membrane is necessary. In this manuscript, we com-
pared the transtympanic microendoscopic approach with
the transmastoid microscopic approach, since it is the most
common procedure to access the RWM. The transmastoid
microscopic approach is the most reliable approach for
observation of the RWM, and additional removal of the
round window niche enabled measurement of the total area
of the RWM, which was indispensable for quantitative
analysis in the present study. The view provided by a
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microendoscope is enough to deliver drugs or biomaterials
incorporating drugs onto the RWM, although it is not satis-
factory for precise surgical procedures. Previous studies
have demonstrated the efficacy of biodegradable gelatin
hydrogels for local application of brain-derived neurotro-
phic factor [6] and insulin-like growth factor 1 [7, 13]. The
present findings resolve the problem of how to place a
hydrogel onto the RWM in the clinic.

This study also found some drawbacks for this instru-
ment. The resolution of the microendoscope is not as high
as that of conventional microscopes, which may impede the
differentiation of the false membrane from the RWM [14].
Sufficient understanding of the surgical anatomy of the
middle ear is necessary for appropriate use of the microen-
doscope in drug delivery onto the RWM. However, we con-
sider that refinement of the quality of view provided by
microendoscopes may resolve this problem.

Conclusion

The transtympanic microendoscopic approach provided
satisfactory visualization of the RWM through the tym-
panic membrane, indicating that the microendoscope is a
useful tool for placing drugs or drug-containing materials
onto the RWM.
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