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Abstract

Background

Velopharyngeal structure augmentation methods are used as alternatives to pharyngeal
flap operations. Recently, we investigated the sites of velopharyngeal structure augmenta-
tion in dogs and reported that the most effective injection location is the soft palate. How-
ever, there have been no reports regarding the optimal materials for implantation or
injection. In this study, we aimed to investigate the injectable materials used in soft palate
augmentation in dogs to ameliorate velopharyngeal insufficiency (VPI).

Methods

Endoscopic soft palate augmentation (ESPA) was performed in dogs using purified sodium
hyaluronate, atelocollagen, or autogenic fat tissue. ESPA is an original technique devel-
oped by our group, and this is the first report of its performance. Moreover, we assessed
the amount of nasal air leakage during inspiration at rest and during expiration under the
rebreathing system at 1, 2, 3, 4, 5, and 6 months after injection of these materials.

Results

The amount of nasal air leakage during expiration under the rebreathing system was signifi-
cantly decreased in all dogs injected with the ESPA materials, but neither apnea nor hypop-
nea was observed.

Conclusions

We investigated the optimal materials for use in ESPA, such as purified sodium hyaluronate,
atelocollagen, or autogenic fat tissue. We found that all of them reduced nasal air leakage
and only autogenic fat tissue showed significant histologic differences in dogs at 6 months.
This technique may also be useful for the treatment of patients with VPI.
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Introduction

When treating patients with cleft palate, velopharyngeal insufficiency (VPI) can sometimes
occur after palatoplasty. VPI is the failure of the nose and mouth to separate during speech
because of an anatomical dysfunction of the soft palate. Many cases of VPI are due to shortfall,
poor movement of the soft palate caused by scarring, or poor reconstruction of the muscles of
the soft palate. Furthermore, patients with 22q11.2 deletion syndrome have VPI due to inade-
quate soft palate muscle formation.

In our hospital, speech therapy is the first step in the treatment of VPI. If VPI cannot be
managed with speech therapy, a speech aid is used for closure of the nasopharynx by lifting the
soft palate or filling the gap. Then, after VPI is shown to be controlled with the speech aid, pha-
ryngeal flap surgery is performed to wean the patient off the speech aid [1-3]. However, it is
difficult to apply this treatment in children because it causes fundamental changes to the velo-
pharyngeal form, which may result in sleep apnea or inability to perform nasal intubation dur-
ing future orthodontic surgeries [4-7].

Several reports have described another method for treating VPI [8-22]. Velopharyngeal
structure augmentation is an alternative to pharyngeal flap surgery that utilizes an injectable
material implanted into the tissue around the velopharynx. However, it is not yet a standard
treatment because it has not been extensively studied. Anatomic sites and injection materials
vary widely, owing to the lack of standardized criteria, and their effects also differ among
institutions.

Recently, we investigated the sites of velopharyngeal structure augmentation in dogs and
reported that the most effective injection location is the soft palate, rather than the posterior
pharyngeal wall or bilateral pharyngeal walls [23]. Dogs’ velopharynx exhibit inherently like
VPI; thus, the rhinopharynx is not completely closed, even when the soft palate is lifted [24].
We injected saline intraorally, in 1-mL increments, into the nasal side of the soft palate, poste-
rior pharyngeal wall, or bilateral pharyngeal walls of each dog. The soft palate that was injected
with saline achieved steady augmentation, and nasal air leakage disappeared following the
5-mL saline injection. Conversely, nasal air leakage persisted in the dogs with saline injected in
the posterior pharyngeal wall or bilateral pharyngeal walls.

There have been no reports about the optimal materials for implantation or injection,
however. There are various artificial and biological materials that may be used in the velophar-
yngeal structure, including silicone, Teflon, porous polyethylene, Gore-Tex™, calcium
hydroxyapatite, auricular or costal cartilage, and autologous fat [8-22]. However, when we
augment the soft palate, the material needs to be injectable, because it cannot be implanted
into the nasal side of the soft palate without damaging the levator veli palatini.

In this study, we aimed to investigate injectable materials for soft palate augmentation in
dogs for treatment of VPI. Furthermore, we sought to introduce the endoscopic soft palate
augmentation (ESPA) technique, because it causes less damage to the levator veli palatini than
other techniques. ESPA is an original technique developed by us, and this is the first report of
its performance. If the materials can keep the volume after injection, this technique may also
be useful for the treatment of patients with VPL

Materials and methods

ESPA was performed at the Large Animal Laboratory of the Graduate School of Dentistry at
Osaka University using 11 beagles (TOYO beagle; Oriental Yeast Co., Tokyo, Japan), aged 20-
24 months and weighing 9-12 kg. All dogs were housed in separate cages and were provided
solid food (Oriental Yeast Co., Tokyo, Japan) and water ad libitum. All experimental protocols
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were reviewed and approved by the Intramural Animal Care and Use Committee of Osaka
University Graduate School of Dentistry (approval number: 29-004-0).

All procedures were performed under general anesthesia administered via an intramuscular
injection of medetomidine (0.02 mg/kg) and midazolam (0.3 mg/kg), followed by an intraperi-
toneal injection of sodium pentobarbital (25 mg/kg) 15 minutes later. Animals were fixed in
the supine position after the ventilation tube was passed through the mouth, and all efforts
were made to minimize suffering.

Using an electric knife, an approximately 8-mm hole was made in the most anterior part of
the soft palate in each dog. This hole was needed because the endoscope cannot be inserted
nasally in dogs, due to narrowness of the canine nasal cavity. The endoscope (i-Vets 8.0;
SCETI K., Tokyo, Japan) was then inserted into the nasal side of the soft palate, and purified
sodium hyaluronate (Hyaluronate Na®, Sawai Pharmaceutical Co., Ltd. Osaka, Japan, n = 3),
atelocollagen (Koken Atelocollagen implant™, Koken Co., Ltd. Tokyo, Japan, n = 3), or auto-
genic fat tissue (n = 4) was injected into the nasal mucosal side of the anterior two-thirds of the
soft palate using a 23-G needle (Interject™, Boston Scientific, Natick, USA) under endoscopic
guidance to directly confirm entrance into the nasal mucosa (Fig 1).

Autogenic fat tissue was taken from the greater omentum and refined using the Coleman
method [25]. Vascular tissue was removed visually from the extracted greater omentum and
centrifuged (3000 rpm, 3 minutes) to separate the three layers (upper layer: oil from crushed
fat cell, middle layer: fat cells, bottom layer: blood, water, and lidocaine used as local anesthe-
sia). Only the middle layer was used as an injection material. Approximately 2 ml of each
material was injected into each dog until the soft palates slightly touched the post-pharyngeal
walls (Fig 2).

We then assessed the amount of nasal air leakage during inspiration at rest and expiration
under a rebreathing system prior to ESPA (= non-treated) and 1, 2, 3, 4, 5, and 6 months after
injection of the materials, as described previously [23]. The tip of the ventilation tube was with-
drawn from the trachea to the oral cavity to allow expiration through the nasal cavity. After
removing the electrode and ventilation tube to prevent oral air leakage during measurement,
the oral cavity was filled with an alginate impression material. While the dogs were under the
rebreathing system, the amount of air leakage from the nasal cavity was measured by a flow
meter (TSD117; BIOPAC Systems Inc., Japan) using the rubber tubes connected to the flow
meter’s sensor in front of both nasal apertures. The external portion of the rubber tubes was
packed with quick, self-curing acrylic resin (UNIFAST II; GC Co., Tokyo, Japan) to prevent
air leakage. Data from the flow meter was recorded on a personal computer (U24a-px3210r
Windows7; ASUSTek Computer Inc., Japan) using data acquisition and analysis software
(Labchart7; AD Instruments, Japan) through a DC Amplifier (DA100C; BIOPAC Systems
Inc., Japan), an analog output module (HLT100-C; BIOPAC Systems Inc., Japan), and an AD
converter (Power lab; AD Instruments Co., Tokyo, Japan).

Data from the nasal air leakage of one breath was separated into the inspiration phase and
expiration phase, and their integral value was measured. We assessed the amount of nasal air
leakage during inspiration at rest to determine the presence of apnea or hypopnea and nasal
air leakage during expiration under the rebreathing system to evaluate the effect of ESPA.
After euthanasia at 6 months post-injection, histological examinations were performed in all
dogs. The soft palates were dissected and stained with hematoxylin and eosin.

Normality of the data was evaluated and, owing to their nonparametric nature, analyzed
using the Kruskal-Wallis test post-hoc Mann-Whitney’s U test (p-value < 0.05). All statistical
analyses were conducted using R version 2.8.1 (CRAN: https://cran-archive.r-project.org/bin/
windows/base/old/2.8.1/).
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a needle for endoscope

endoscope

Fig 1. The schema of endoscopic soft palate augmentation (ESPA). An approximately 8-mm hole was created in the most
anterior part of the soft palate using an electric knife to insert the endoscope. This hole needed because the endoscope could not
insert by nasal approach in dog, due to narrowness of the canine nasal cavity. Then, the endoscope was inserted to the nasal side
of the soft palate.

https://doi.org/10.1371/journal.pone.0238646.9001

Results

The changes of nasal air leakage, presented in medians and inter-quartile ranges that occur
over time are shown in Figs 3 and 4. Fig 3 shows nasal air leakage during inspiration at rest
(soft palate was not lifted), and Fig 4 shows nasal air leakage during expiration under

before injection e
! a needle for endoscope after injection

% : the injection point

Fig 2. Endoscopic image during ESPA. Approximately 2-ml of the materials was injected to each of the dogs until the soft palate
slightly touched the post-pharyngeal wall.

https://doi.org/10.1371/journal.pone.0238646.9002
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Fig 3. The amount of nasal air leakage during inspiration at rest. The changes of nasal air leakage during inspiration at rest
(soft palate was not lifted). The amount of nasal air leakage during inspiration in each dog decreased slightly, compared to the
pre-ESPA value, but the decrease was not enough to cause apnea or hypopnea. (0 = Immediately after ESPA).

https://doi.org/10.1371/journal.pone.0238646.9003

rebreathing (soft palate was lifted due to levator veli palatini action). The amount of nasal air
leakage during inspiration in each dog decreased slightly, compared to the pre-ESPA value,
but the decrease was not enough to cause apnea or hypopnea (Fig 3). Comparison of data at 6
months post-injection among the three materials is shown in Fig 5, and no significant differ-
ence was found.

Conversely, the amount of nasal air leakage during expiration under the rebreathing system
was significantly decreased in all dogs injected with materials used for ESPA, compared with
pre-ESPA (p<0.05) (Fig 4). The median amount of nasal air leakage during expiration in the
non-treated dogs (pre-ESPA: n = 10) was 0.16 L/sec, whereas at 6 months after ESPA, the
median amount of nasal air leakage during expiration was 0.055, 0.089, and 0.049 L/sec in
dogs injected with purified sodium hyaluronate, atelocollagen, and autogenic fat tissue, respec-
tively (Fig 6).

Histologically, the maximum soft palate thickness between the dogs injected with sodium
hyaluronate or atelocollagen and non-treated dogs was the same (Fig 7; Table 1). Fat tissues
were observed around the soft palate injection site of the dogs injected with purified sodium
hyaluronate, whereas fibrous tissues were observed in those injected with atelocollagen. In
contrast, fibrous tissues and vasculatures, appearing as lymphatic or blood vessels with mini-
mal muscle tissues, were observed around the injection site in the dogs injected with autoge-
nous fat.
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during expiration under rebreathing (soft palate was lifted due to levator veli palatini action). The amount of nasal air
leakage during expiration under the rebreathing system was significantly decreased in all dogs injected with materials
used for ESPA, compared with pre-ESPA (p<0.05). (0 = Immediately after ESPA).

https://doi.org/10.1371/journal.pone.0238646.g004
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Fig 5. The amount of nasal air leakage during inspiration at rest. The amount of nasal air leakage during inspiration at rest

decreased in all dogs compared to the pre-ESPA value, but apnea or hypopnea was not observed. Moreover, no significant
difference in the outcomes was observed among the materials.

https://doi.org/10.1371/journal.pone.0238646.9005
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Fig 6. The amount of nasal air leakage during expiration under the rebreathing system. The amount of nasal air leakage
during expiration under the rebreathing system decreased significantly in all the dogs injected with any of the materials during
ESPA. The median amount of nasal air leakage of the non-treated dogs (pre-ESPA: n = 10) was 0.16 L/sec, whereas at 6 months
after ESPA, the median amount of nasal air leakage during expiration was 0.055, 0.089, and 0.049 L/sec in dogs injected with
purified sodium hyaluronate, atelocollagen, and autogenic fat tissue, respectively.

https://doi.org/10.1371/journal.pone.0238646.9006
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Fig 7. Histological results. The maximum value of the soft palate thickness between the dogs injected with sodium hyaluronate,
atelocollagen and non-treated dogs was the same. Fat tissues were observed around the injection site of the soft palate of the dogs
injected with purified sodium hyaluronate, whereas fibrous tissues were observed in those injected with atelocollagen. In contrast,
fibrous tissues and vasculatures, appearing as lymphatic or blood vessels, with minimal muscle tissues (arrow) were observed
around the injection site in the dogs injected with autogenous fat. (Asterisks are levator veli palatini).

https://doi.org/10.1371/journal.pone.0238646.g007
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Table 1. The thickness of the soft palate at 6 months after the endoscopic soft palate augmentation (ESPA) (mm).

Non-treatment
7.03 (6.95-7.63)
https://doi.org/10.1371/journal.pone.0238646.t001

Sodium hyaluronate atelocollagen Fat tissue
6.84 (6.55-6.85) 7.56 (7.45-8.19) 10.0 (8.58-11.1)
Discussion

In this study, we investigated various materials that can be used in ESPA. ESPA is especially
useful because it does not cause injury to the musculus levator veli palatine, and injectable
materials can be implanted while simultaneously monitoring the volume of augmentation
through an endoscope. Injection of materials intraorally has been demonstrated previously,
but this method is challenging when trying to inject into the mucosal layer, as the needle may
penetrate the nasal mucosa [22]. Using our technique, we had to create a hole to insert the
endoscope because the device cannot pass through the nasal cavity in dogs. However, in
humans it can pass through the nasal cavity; thus, creating a hole is not necessary.

We selected purified sodium hyaluronate, atelocollagen, and autogenic fat tissue as the
materials to investigate because they can be injected into the soft palate through a needle.
Sodium hyaluronate is a mucopolysaccharide, and its molar weight is 1,000,000 g/mol, while
atelocollagen is a protein and its molar weight is 300,000 g/mol. One gram of sodium hyaluro-
nate can hold 6,000 ml of water; hence, even if sodium hyaluronate itself is absorbed gradually,
the surrounding water remains, and that makes it easy to retain the entire volume for an
extended period. And all the materials reduced the amount of nasal air leakage during expira-
tion under rebreathing. Soft palate movement was not hindered by any of the materials, and
apnea or hypopnea did not occur in any of the dogs.

Yasuda investigated histological changes in the skin after injection with sodium hyaluronate
or atelocollagen [26]. He reported that the bulging area where the sodium hyaluronate was
injected disappeared after 60 days, and only a small amount of sodium hyaluronate remained
in the site. He also reported minimal fibrous tissue was observed histologically at 180 days
after injection. Conversely, the bulging area where atelocollagen was injected remained even at
180 days after injection, and the material converted to collagen. In our study, sodium hyaluro-
nate was not observed histologically at 6 months after injection, whereas atelocollagen still
remained at the 6-month follow-up, and new collagen was observed around the musculus leva-
tor veli palatini after injection, consistent with Yasuda’s findings.

Multiple studies have reported that 30%-70% of the autologous transplant of fat graft was
resorbed within a year [27-30]. Guerrerosantos et al. reported that fat grafts injected intramus-
cularly were successful, owing to the excellent circulation of muscular tissue, compared to
those injected subcutaneously [30]. In our study, we could not confirm whether the autogenic
fat tissue was injected intramuscularly or subcutaneously, but histologically, no damage to the
levator veli palatini by the injection was observed. Only a small amount of fat tissue remained
around the muscle tissue during follow-up, and vascularization was observed histologically in
the mucosa layer. Soft palate thickness was biggest in the dogs injected with autogenic fat tis-
sue. It was unclear, however, if this observation was due to increased muscle tissue in the soft
palate. By the final observation, no fat tissue remained in any of the animals, instead it was
replaced by fibrous tissue. This result may indicate that the thickness of the soft palate may
remain for a long period of time.

Although ESPA using purified sodium hyaluronate, atelocollagen, or autogenic fat tissue
showed good results after 6 months, its long-term effects should still be considered. Several
reports have described that human lipoaspirate contains multipotent cells and may represent an
alternative stem cell source for bone marrow-derived mesenchymal stem cells [31, 32]. Li et al.
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reported that fat grafts consisting of 10°/ml adipose-derived stem cells constitute an ideal trans-
plant strategy, which may result in decreased absorption and accelerated fat regeneration [33].
Adipose-derived stem cells are one of the most widely used stem cell types for the treatment of
bone and cartilage disease, Crohn’s disease, heart diseases, kidney disease, neurological disease
and respiratory disease, as well as for cosmetic and plastic surgery [34]. In addition, some reports
describe the effectiveness of injectable adipose tissue-derived stem cells in treating stress urinary
incontinence or vocal fold paralysis [35-37]. In the future, we should also investigate whether
transplantation of adipose tissue- derived stem cells can help in treating VPI. If we can make the
musculus levator veli palatini stronger with this method, it may be the best treatment for VPL

This study has several limitations. The structure of the velopharynx in dogs and that in
humans are quite different, and the assessment of speech cannot be performed in dogs. In
dogs, the larynx is located directly behind the base of the tongue and soft palate and lies
between the pharynx and trachea. The larynx covers the trachea during swallowing so that
food does not enter the windpipe. However, the soft palate of dogs may lift like that of humans
during respiration. VPI cannot strictly be assessed in dogs; only analogous comparisons can be
made. Therefore, we eventually must conduct further investigations in humans. We plan to
perform ESPA on humans in a clinical setting soon.

In a systematic review, Nigh E et al. described that autologous fat injection has been advo-
cated for correction of mild to moderate VPI, but it was difficult to adapt in severe VPI [22].
At present, no ideal treatment is available for severe VPI. However, we have previously
reported that the optimal site for injection is the nasal side of the soft palate and improvement
of VPI was dependent on the amount of injected autologous fat [23]. ESPA may control the
amount of fat easier than traditional methods; hence, we believe it could be adapted to treat
severe VPI as well.

In conclusion, we investigated the optimal materials for use in ESPA, such as purified
sodium hyaluronate, atelocollagen, or autogenic fat tissue. We found that all of them reduced
nasal air leakage and only autogenic fat tissue showed significant histologic differences at 6
months in dogs. These results suggest that this technique may also be useful for the treatment
of patients with VPIL.

Acknowledgments

We are grateful to Y. Sato for taking care of the animals.

Author Contributions

Conceptualization: Emiko Tanaka Isomura, Mikihiko Kogo.

Data curation: Emiko Tanaka Isomura, Makoto Matsukawa, Kiyoko Nakagawa, Ryo Mitsui.
Formal analysis: Emiko Tanaka Isomura, Makoto Matsukawa, Kiyoko Nakagawa, Ryo Mitsui.
Funding acquisition: Kiyoko Nakagawa.

Methodology: Emiko Tanaka Isomura, Makoto Matsukawa, Kiyoko Nakagawa, Ryo Mitsui.

Project administration: Emiko Tanaka Isomura, Makoto Matsukawa, Kiyoko Nakagawa, Ryo
Mitsui, Mikihiko Kogo.

Resources: Emiko Tanaka Isomura, Makoto Matsukawa, Kiyoko Nakagawa, Ryo Mitsui.
Writing - original draft: Emiko Tanaka Isomura.

Writing - review & editing: Emiko Tanaka Isomura.

PLOS ONE | https://doi.org/10.1371/journal.pone.0238646  September 4, 2020 9/11


https://doi.org/10.1371/journal.pone.0238646

PLOS ONE

Endoscopic soft palate augmentation in dogs

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Rogers C, Konofaos P, Wallace RD. Superiorly based pharyngeal flap for the surgical treatment of velo-
pharyngeal insufficiency and speech outcomes. J Craniofac Surg. 2016; 27: 1746—1749. https://doi.org/
10.1097/SCS.0000000000003050 PMID: 27763974

Naran S, Ford M, Losee JE. What's new in cleft palate and velopharyngeal dysfunction management?
Plast Reconstr Surg. 2017; 139: 1343e—1355e. https://doi.org/10.1097/PRS.0000000000003335
PMID: 28538580

Kogo M, Sakai T, Harada T, Nohara K, Tanaka E, Seikai T, et al. Our unified pharyngeal flap operation.
J Cleft Lip Palate Craniofac Anomal. 2017; 4, Suppl S1: 189-S191.

Orr WC, Levine NS, Buchanan RT. Effect of cleft palate repair and pharyngeal flap surgery on upper air-
way obstruction during sleep. Plast Reconstr Surg. 1987; 80: 226-232. https://doi.org/10.1097/
00006534-198708000-00010 PMID: 3602172

Valnicek SM, Zuker RM, Halpern LM, Roy WL. Perioperative complications of superior pharyngeal flap
surgery in children. Plast Reconstr Surg. 1994; 93: 954-958. https://doi.org/10.1097/00006534-
199404001-00009 PMID: 8134488

Aboloyoun Al, Ghorab S, Farooq MU. Palatal lifting prosthesis and velopharyngeal insufficiency: Prelimi-
nary report. Acta Med Acad. 2013; 42: 55-60. https://doi.org/10.5644/ama2006-124.71 PMID: 23735067

Campos LD, Trindade-Suedam IK, Sampaio-Teixeira ACM, Yamashita RP, Lauris JRP, Lorenzi-Filho
G, et al. Obstructive sleep apnea following pharyngeal flap surgery for velopharyngeal insufficiency: A
prospective polysomnographic and aerodynamic study in middle-aged adults. Cleft Palate Craniofac J.
2016; 53: 53—e59. hitps://doi.org/10.1597/14-152 PMID: 25794015

Brauer RO. Retropharyngeal implantation of silicone gel pillows for velopharyngeal incompetence.
Plast Reconstr Surg. 1973; 51: 254—262. https://doi.org/10.1097/00006534-197303000-00003 PMID:
4266055

Remacle M, Bertrand B, Eloy P, Marbaix E. The use of injectable collagen to correct velopharyngeal
insufficiency. Laryngoscope. 1990; 100: 269-274. https://doi.org/10.1288/00005537-199003000-
00011 PMID: 2308450

Dejonckere PH, van Wijngaarden HA. Retropharyngeal autologous fat transplantation for congenital
short palate: A nasometric assessment of functional results. Ann Otol Rhinol Laryngol. 2001; 110: 168—
172. https://doi.org/10.1177/000348940111000213 PMID: 11219525

Klotz DA, Howard J, Hengerer AS, Slupchynskj O. Lipoinjection augmentation of the soft palate for velo-
pharyngeal stress incompetence. Laryngoscope. 2001; 111: 2157-2161. https://doi.org/10.1097/
00005537-200112000-00015 PMID: 11802016

Leuchter |, Schweizer V, Hohlfeld J, Pasche P. Treatment of velopharyngeal insufficiency by autologous
fat injection. Eur Arch Otorhinolaryngol. 2010; 267: 977-983. https://doi.org/10.1007/s00405-009-1157-
7 PMID: 20033195

Leboulanger N, Blanchard M, Denoyelle F, Glynn F, Charrier J-B, Roger G, et al. Autologous fat transfer
in velopharyngeal insufficiency: Indications and results of a 25 procedures series. Int J Pediatr Otorhino-
laryngol. 2011; 75: 1404-1407. https://doi.org/10.1016/j.ijporl.2011.08.001 PMID: 21872348

Cantarella G, Mazzola RF, Mantovani M, Baracca G, Pignataro L. Treatment of velopharyngeal insuffi-
ciency by pharyngeal and velar fat injections. Otolaryngol Head Neck Surg. 2011; 145: 401—403.
https://doi.org/10.1177/0194599811411655 PMID: 21636838

Filip C, Matzen M, Aagenees |, Aukner R, Kjall L, Hagevold HE, et al. Speech and magnetic resonance
imaging results following autologous fat transplantation to the velopharynx in patients with velopharyn-
geal insufficiency. Cleft Palate Craniofac J. 2011; 48: 708—716. https://doi.org/10.1597/09-161 PMID:
21463181

Cantarella G, Mazzola RF, Mantovani M, Mazzola IC, Baracca G, Pignataro L. Fat injections for the
treatment of velopharyngeal insufficiency. J Craniofac Surg. 2012; 23: 634—637. https://doi.org/10.
1097/SCS.0b013e31824db85b PMID: 22565869

Filip C, Matzen M, Aagenzes |, Aukner R, Kjgll L, Hagevold HE, et al. Autologous fat transplantation to
the velopharynx for treating persistent velopharyngeal insufficiency of mild degree secondary to overt or
submucous cleft palate. J Plast Reconstr Aesthet Surg. 2013; 66: 337—-344. https://doi.org/10.1016/j.
bjps.2012.11.006 PMID: 23254179

Lau D, Oppenheimer AJ, Buchman SR, Berger M, Kasten SJ. Posterior pharyngeal fat grafting for velo-
pharyngeal insufficiency. Cleft Palate Craniofac J. 2013; 50: 51-58. https://doi.org/10.1597/11-038
PMID: 22329568

Bishop A, Hong P, Bezuhly M. Autologous fat grafting for the treatment of velopharyngeal insufficiency:
State of the art. J Plast Reconstr Aesthet Surg. 2014; 67: 1-8. https://doi.org/10.1016/.bjps.2013.09.
021 PMID: 24090720

PLOS ONE | https://doi.org/10.1371/journal.pone.0238646  September 4, 2020 10/11


https://doi.org/10.1097/SCS.0000000000003050
https://doi.org/10.1097/SCS.0000000000003050
http://www.ncbi.nlm.nih.gov/pubmed/27763974
https://doi.org/10.1097/PRS.0000000000003335
http://www.ncbi.nlm.nih.gov/pubmed/28538580
https://doi.org/10.1097/00006534-198708000-00010
https://doi.org/10.1097/00006534-198708000-00010
http://www.ncbi.nlm.nih.gov/pubmed/3602172
https://doi.org/10.1097/00006534-199404001-00009
https://doi.org/10.1097/00006534-199404001-00009
http://www.ncbi.nlm.nih.gov/pubmed/8134488
https://doi.org/10.5644/ama2006-124.71
http://www.ncbi.nlm.nih.gov/pubmed/23735067
https://doi.org/10.1597/14-152
http://www.ncbi.nlm.nih.gov/pubmed/25794015
https://doi.org/10.1097/00006534-197303000-00003
http://www.ncbi.nlm.nih.gov/pubmed/4266055
https://doi.org/10.1288/00005537-199003000-00011
https://doi.org/10.1288/00005537-199003000-00011
http://www.ncbi.nlm.nih.gov/pubmed/2308450
https://doi.org/10.1177/000348940111000213
http://www.ncbi.nlm.nih.gov/pubmed/11219525
https://doi.org/10.1097/00005537-200112000-00015
https://doi.org/10.1097/00005537-200112000-00015
http://www.ncbi.nlm.nih.gov/pubmed/11802016
https://doi.org/10.1007/s00405-009-1157-7
https://doi.org/10.1007/s00405-009-1157-7
http://www.ncbi.nlm.nih.gov/pubmed/20033195
https://doi.org/10.1016/j.ijporl.2011.08.001
http://www.ncbi.nlm.nih.gov/pubmed/21872348
https://doi.org/10.1177/0194599811411655
http://www.ncbi.nlm.nih.gov/pubmed/21636838
https://doi.org/10.1597/09-161
http://www.ncbi.nlm.nih.gov/pubmed/21463181
https://doi.org/10.1097/SCS.0b013e31824db85b
https://doi.org/10.1097/SCS.0b013e31824db85b
http://www.ncbi.nlm.nih.gov/pubmed/22565869
https://doi.org/10.1016/j.bjps.2012.11.006
https://doi.org/10.1016/j.bjps.2012.11.006
http://www.ncbi.nlm.nih.gov/pubmed/23254179
https://doi.org/10.1597/11-038
http://www.ncbi.nlm.nih.gov/pubmed/22329568
https://doi.org/10.1016/j.bjps.2013.09.021
https://doi.org/10.1016/j.bjps.2013.09.021
http://www.ncbi.nlm.nih.gov/pubmed/24090720
https://doi.org/10.1371/journal.pone.0238646

PLOS ONE

Endoscopic soft palate augmentation in dogs

20.

21,

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Filip C. Response re: ‘Autologous fat grafting for the treatment of velopharyngeal insufficiency: State of
the art’. J Plast Reconstr Aesthet Surg. 2014; 67: 1155-1156. https://doi.org/10.1016/j.bjps.2014.02.
001 PMID: 24581953

Boneti C, Ray PD, Macklem EB, Kohanzadeh S, de la Torre J, Grant JH. Effectiveness and safety of
autologous fat grafting to the soft palate alone. Ann Plast Surg. 2015; 74, Suppl 4: S190-S192.

Nigh E, Rubio GA, Hillam J, Armstrong M, Debs L, Thaller SR. Autologous fat injection for treatment of
velopharyngeal insufficiency. J Craniofac Surg. 2017: 28: 1248—1254. https://doi.org/10.1097/SCS.
0000000000003702 PMID: 28582294

Isomura ET, Nakagawa K, Matsukawa M, Mitsui R, Kogo M. Evaluation of sites of velopharyngeal struc-
ture augmentation in dogs for improvement of velopharyngeal insufficiency. PLoS One. 2019; 14:
e0212752. https://doi.org/10.1371/journal.pone.0212752 PMID: 30802272

Adachi T, Kogo M, lida S, Hamaguchi M, Matsuya T. Measurement of velopharyngeal movements
induced by isolated stimulation of levator veli palatini and pharyngeal constrictor muscles. J Dent Res.
1997; 76: 1745-1750. https://doi.org/10.1177/00220345970760110501 PMID: 9372791

Coleman SR. Hand rejuvenation with structural fat grafting. Plast Reconstr Surg. 2002; 110: 1731—
1744 PMID: 12447057

Yasuda H. Comparative study of skin tissue reactions after hyaluronic acid or collagen injection. Journal
of Kanazawa Medical University. 2006; 31: 233—-241. (in Japanese).

Chaijchir A, Benzaquen . Liposuction fat grafts in face wrinkles and hemifacial atrophy. Aesthetic Plast
Surg. 1986; 10: 115-117. https://doi.org/10.1007/BF01575279 PMID: 3739848

Niechajev |, Sevcuk O. Long-term results of fat transplantation: Clinical and histologic studies. Plast
Reconstr Surg. 1994; 94: 496-506. https://doi.org/10.1097/00006534-199409000-00012 PMID:
8047602

Leong DTW, Hutmacher DW, Chew FT, Lim T-C. Viability and adipogenic potential of human adipose
tissue processed cell population obtained from pump-assisted and syringe-assisted liposuction. J Der-
matol Sci. 2005; 37: 169—-176. https://doi.org/10.1016/j.jdermsci.2004.11.009 PMID: 15734286

Guerrerosantos J, Gonzalez-Mendoza A, Masmela Y, Gonzalez MA, Deos M, Diaz P. Long-term sur-
vival of free fat grafts in muscle: An experimental study in rats. Aesthetic Plast Surg. 1996; 20: 403—408.
https://doi.org/10.1007/BF02390315 PMID: 8849432

Zuk PA, Zhu M, Mizuno H, Huang J, Futrell JW, Katz AJ, et al. Multilineage cells from human adipose
tissue: Implications for cell-based therapies. Tissue Eng. 2001; 7: 211-228. https://doi.org/10.1089/
107632701300062859 PMID: 11304456

Coleman SR. Structural fat grafting: More than a permanent filler. Plast Reconstr Surg. 2006; 118:
108S-120S. https://doi.org/10.1097/01.prs.0000234610.81672.e7 PMID: 16936550

LiK, Li F, LiJ, Wang H, Zheng X, Long J, et al. Increased survival of human free fat grafts with varying
densities of human adipose-derived stem cells and platelet-rich plasma. J Tissue Eng Regen Med.
2017; 11: 209-219. https://doi.org/10.1002/term.1903 PMID: 24978937

Sheykhhasan M, Wong JKL, Seifalian AM. Human adipose-derived stem cells with great therapeutic
potential. Curr Stem Cell Res Ther. 2019; 14: 532-548. https://doi.org/10.2174/
1574888X14666190411121528 PMID: 30973112

Lin G, Wang G, Banie L, Ning H, Shindel AW, Fandel TM, et al. Treatment of stress urinary incontinence
with adipose tissue-derived stem cells. Cytotherapy. 2010; 12: 88-95. https://doi.org/10.3109/
14653240903350265 PMID: 19878076

Wanatabe T, Maruyama S, Yamamoto T, Kamo |, Yasuda K, Saka Y, et al. Increased urethral resis-
tance by periurethral injection of low serum cultured adipose-derived mesenchymal stromal cells in rats.
IntJ Urol. 2011; 18: 659-666. https://doi.org/10.1111/j.1442-2042.2011.02795.x PMID: 21707765

Nishio N, Fujimoto Y, Suga K, Iwata Y, Toriyama K, Takanari K, et al. Autologous fat injection therapy
including a high concentration of adipose-derived regenerative cells in a vocal fold paralysis model: Ani-
mal pilot study. J Laryngol Otol. 2016; 130: 914—922. https://doi.org/10.1017/S0022215116008707
PMID: 27604559

PLOS ONE | https://doi.org/10.1371/journal.pone.0238646  September 4, 2020 11/11


https://doi.org/10.1016/j.bjps.2014.02.001
https://doi.org/10.1016/j.bjps.2014.02.001
http://www.ncbi.nlm.nih.gov/pubmed/24581953
https://doi.org/10.1097/SCS.0000000000003702
https://doi.org/10.1097/SCS.0000000000003702
http://www.ncbi.nlm.nih.gov/pubmed/28582294
https://doi.org/10.1371/journal.pone.0212752
http://www.ncbi.nlm.nih.gov/pubmed/30802272
https://doi.org/10.1177/00220345970760110501
http://www.ncbi.nlm.nih.gov/pubmed/9372791
http://www.ncbi.nlm.nih.gov/pubmed/12447057
https://doi.org/10.1007/BF01575279
http://www.ncbi.nlm.nih.gov/pubmed/3739848
https://doi.org/10.1097/00006534-199409000-00012
http://www.ncbi.nlm.nih.gov/pubmed/8047602
https://doi.org/10.1016/j.jdermsci.2004.11.009
http://www.ncbi.nlm.nih.gov/pubmed/15734286
https://doi.org/10.1007/BF02390315
http://www.ncbi.nlm.nih.gov/pubmed/8849432
https://doi.org/10.1089/107632701300062859
https://doi.org/10.1089/107632701300062859
http://www.ncbi.nlm.nih.gov/pubmed/11304456
https://doi.org/10.1097/01.prs.0000234610.81672.e7
http://www.ncbi.nlm.nih.gov/pubmed/16936550
https://doi.org/10.1002/term.1903
http://www.ncbi.nlm.nih.gov/pubmed/24978937
https://doi.org/10.2174/1574888X14666190411121528
https://doi.org/10.2174/1574888X14666190411121528
http://www.ncbi.nlm.nih.gov/pubmed/30973112
https://doi.org/10.3109/14653240903350265
https://doi.org/10.3109/14653240903350265
http://www.ncbi.nlm.nih.gov/pubmed/19878076
https://doi.org/10.1111/j.1442-2042.2011.02795.x
http://www.ncbi.nlm.nih.gov/pubmed/21707765
https://doi.org/10.1017/S0022215116008707
http://www.ncbi.nlm.nih.gov/pubmed/27604559
https://doi.org/10.1371/journal.pone.0238646

