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Editorial on the Research Topic
Congenital craniofacial deformities: genetic and clinical aspects

The Research Topic “Congenital Craniofacial Deformities: Genetic and Clinical Aspects” is a
Frontiers Research Topic aimed to provide an opportunity for researchers and clinicians
from different perspectives and areas to publish recent advances in investigating the
genetic etiology and the treatment options for different congenital craniofacial deformities.

Caused by genetic diseases, chromosomal mutations, or abnormal embryonic
development, congenital craniofacial deformities refer to the inborn anomalies of the
skull, orbits, zygomatic bones, maxilla, and mandible. Facial soft tissue defects, including
craniosynostosis, craniofacial fissure, dilated orbital distance, and craniofacial microscopic
anomalies are also considered craniofacial deformities. In severe cases, they can even lead
to intellectual disability and visual impairment. Craniofacial deformities are often
accompanied by anomalies of the spine, trunk, limbs, and visceral transposition. The
treatment of congenital craniofacial deformities is complex, and satisfying outcomes are
still missing. Furthermore, the patient’s psychological state and related social behavior also
need more attention. Even though a lot of research has been carried out in the field of
craniofacial development, the genetic etiology of congenital craniofacial deformities needs
more investigation to reveal the role of specific genes and their synergistic effect during
the development of the craniofacial skeletal system.

Cleft lip and palate is one of the most common congenital craniofacial deformities. For
repairing cleft lip and palate, team approach should be carried out. Restorations of primary
deformities and secondary dysfunctions are the main purposes in the treatment of cleft lip
and palate.

In this Research Topic, presurgical intervention of primary cleft lip repair is focused by
Yin et al. Outcomes by three dimensional evaluation of presurgical nasoalveolar molding
(PNAM) therapy in patients with non-syndromic complete unilateral cleft lip and palate
(UCLP) were presented. Their results demonstrated that PNAM therapy could help
decrease the difficulties of cleft lip repair.

Rhinoplasty for patients with cleft lip is always a challenge to the surgeons, and narrow
nostril deformities are the most troublesome. The study by Wei et al. developed an algorithm

4 frontiersin.org


http://crossmark.crossref.org/dialog/?doi=10.3389/froh.2023.1298447&domain=pdf&date_stamp=2020-03-12
https://doi.org/10.3389/froh.2023.1298447
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/froh.2023.1298447/full
https://www.frontiersin.org/articles/10.3389/froh.2023.1298447/full
https://www.frontiersin.org/articles/10.3389/froh.2023.1298447/full
https://www.frontiersin.org/research-topics/46189/congenital-craniofacial-deformities-genetic-and-clinical-aspects
https://doi.org/10.3389/fped.2022.1101184
https://doi.org/10.3389/fped.2023.1156275
https://www.frontiersin.org/journals/oral-health
https://doi.org/10.3389/froh.2023.1298447
https://www.frontiersin.org/journals/oral-health
https://www.frontiersin.org/

Huang and Du

for surgical method selection for repairing narrow nostrils in
patient with secondary cleft lip
demonstrated that the width of the nasal floor and the length of
the alar rim are critical elements for selecting the appropriate

nasal deformities. It

surgical method. Meanwhile, a review by Xu et al. focusing on
the growth patterns of the nasolabial region following unilateral
cleft lip primary repair was also included in this Research Topic.

The purpose of cleft palate repair is to reconstructing a normal
velopharyngeal function of the patient. In this Research Topic, the
study by Fan et al. compared the velopharyngeal morphology of
patients with hard and soft cleft palate after Furlow and
Sommerlad palatoplasty, and Mao et al. presented a review to
introduce specific problems that are currently under-recognized
in the diagnosis and treatment of marginal velopharyngeal
inadequacy and provides guidelines for further exploration of
standardized and reasonable intervention protocols for marginal
velopharyngeal inadequacy.

A review about poor oral hygiene and high susceptibility to
dental caries and periodontitis in patients with cleft lip and
palate was presented by Wu et al. which concluded and updated
probable causes underlying the association between cleft lip and
palate and poor oral health.

Meanwhile, application of vertical transposition flap in closure
for large facial soft tissue defects in children was reported by Feng
et al. A case with hereditary sensory autonomic neuropathy was
also reported by O’hagan-Wong et al. which demonstrated
extensive oral trauma as one of the early signs of hereditary
sensory autonomic neuropathy that should provoke a timely
referral for neurological assessment.

This Research Topic targets the acquisition and dissemination
of knowledge regarding to congenital craniofacial deformities to
share knowledge from both the basic and clinical sciences.
Briefly, this Research Topic provided researchers and clinicians
from different perspectives and areas with a platform to discuss
recent advances in the understanding of congenital craniofacial
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deformities. It also will provide readers with new insights and
different viewpoints to stimulate further investigations in this
broad research field.
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Congenital and developmental craniofacial deformities often cause bone
defects, misalignment, and soft tissue asymmetry, which can lead to facial
function and morphologic abnormalities, especially among children born
with cleft lip and palate. Joint efforts from oral maxillofacial surgery, oral
implantology, and cosmetic surgery are often required for diagnosis and
treatment. As one of the most widely performed treatment methods,
implant-supported cranio-maxillofacial prostheses have been widely applied
in the course of treatment. Therefore, stability of peri-implant bone tissue is
crucial for the long-term success of treatment and patients’ quality of life.
The circadian clock component brain and muscle aryl hydrocarbon receptor
nuclear translocator-like protein 1 (BMAL1) was found to be involved in the
cell fate of bone marrow mesenchymal stem cells, which were essential in
the fixation of titanium implants. This study aimed to investigate the effect of
BMALL on osteogenesis in osseointegration, providing a brand new solution
to increase bone implant conjunction efficiency and implant stability, paving
the way for a long-term satisfactory therapy outcome.

KEYWORDS

implant treatment, Bmall gene, osseointegration, osteogenesis, cell senescence, aging

Introduction

Cleft lip and palate (CLP) are one of the most common craniofacial congenital
malformations in humans (1). It has been estimated lately that, with ethnic and
geographic variation, approximately 1.5-1.7 of every 1,000 infants are born with CLP,
which sorely hampers the development of important physiological functions,
including breathing, swallowing, speech, chewing, and esthetics (2, 3). At the end
stage of growth and development, in order to re-establish esthetics, phonetics,
function, and self-confidence, rehabilitation of edentulous space should be the priority
(4). Initially reported by Verdi et al., dental implant therapy gradually earned its place
in the field of CLP treatment and rehabilitation (5). Severe clinical studies have
verified its satisfying results and high long-term success rates (6-8).

Dental implants have been widely employed to restore the function and esthetics for
dentition defect or edentulism, especially for youngster patients with congenital
craniofacial deformities in an increasing number. The key to a successful dental
implant therapy is to achieve direct and complete implant-to-bone contact, which has
been defined as osseointegration (9). Following the placement of titanium implants, a
series of biochemical reactions in the bone marrow,

occur among which
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osteoprogenitor cells and osteoblasts play a vital role (10). Bone
marrow mesenchymal stem cells (BMSCs) are recruited to
implant surface and, subsequently, differentiate into
osteoblasts. Osteoblasts can secrete bone matrix, directing the
process of osseointegration. However, senility leads to changes
in the bone marrow microenvironment. At the cellular level,
aging impairs the osteogenic differentiation ability of BMSCs
and encourages differentiation into adipose cells, leading to
fewer osteoblasts and weaker osseointegration (11). Despite
the donor’s age, an aging bone marrow microenvironment
also forces foreign transplanted mesenchymal progenitor cells
to transform into adipocytes (12). Therefore, osseointegration
in elderly individuals requires a longer period, which remains
a clinical challenge. It is essential to study the age-related
function of mesenchymal cells, so as to promote a curative
effect of dental implants.

Interestingly, several recent studies have shown that the
circadian clock system in mammals may influence the function
and cell fate of mesenchymal cells (13-15). Brain and muscle
aryl hydrocarbon receptor nuclear translocator-like protein 1,
briefly BMALL, is the core component of circadian clock system
in mammals, functioning as the positive arm in the negative
feedback regulation mechanism of circadian rhythm (16).
Bmall gene knockout mice show reduced bone volume and
lower bone density. Histological examination also demonstrates
that deficiency of BMALI leads to osteocytes’ decrease in vivo
(14). The mechanism of aging process has been studied as well.
The absence of Bmall results in a premature aging process and
shortened lifespan in mice (17). Chen et al. found that BMALLI
was related to aging process in aged BMSCs. The expression
level of BMALI decreased, while the aging of BMSCs hampered
osteogenic differentiation (13). Moreover, follow-up studies have
demonstrated that the regulation effect of BMAL1 might go
through the Wnt pathway (18, 19).

Since BMSCs are the key to osseointegration, we hypothesized
that BMALI might directly influence osteogenic differentiation of
BMSCs among the implant-bone environment. In aged mice,
downregulation of Bmall gene occurs naturally, impairing the
integration between titanium implants and bone. Rescued
expression of BAMLI at implant sites can promote local bone
healing and obtain higher bone-implant contact ratio (BIC).
Hence, in this study, we performed knockdown of BMALI of
BMSCs to examine its effect on fate choice as well as
investigated the overexpression results of lentiviral vector
BMALLI applied around titanium implants in aged mice.

Materials and methods
Animals and cell culture

All animal care and studies were approved by the Animal
Research Committee of Sichuan University (Chengdu, China)

Frontiers in Pediatrics
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and conducted in accordance with international standards.
Young adult (1 month old) and aged (12 months old) C57BL/
6 male mice were obtained from the Animal Centre of
Sichuan University.

Young adult mice were used for primary extraction of
mesenchymal cells. After the mice were sacrificed, the femurs
and tibias of both sides were obtained and immediately
immersed into phosphate buffer saline (PBS, Gibco)
containing 10% penicillin-streptomycin (Liquid, Gibco). The
epiphyses were cut off and the marrow cavities were syringed
with a sterile medium using a #25-gauge needle. Cells were
washed with PBS by centrifugation and then cultured in alpha
minimum Eagle’s medium (o-MEM, HyClone) with 10% fetal
bovine serum (FBS, Gibco) and 1% penicillin-streptomycin.
BMSCs were incubated at 37 °C with 5% CO,, and the culture
medium was exchanged every 2 days. When the confluence
rate reached 80%-90%, BMSCs were detached by 0.25%
trypsin and then passaged. BMSCs were employed for the
subsequent research at passage 4 (18). For osteogenic
induction, osteogenic medium was supplemented with the
basic medium 10 mM B-glycerophosphate (Sigma), 50 uM
ascorbic acid (Sigma), and 10 nM dexamethasone (Sigma).

BMAL1 knockdown

Bmall siRNA and negative control RNA were synthesized
from Shanghai Sangon Biotech Co. (China). The sequence of
Bmall siRNA is GCAAACUACAAGCCAACAU, the bases of
which were shuffled for control siRNA. According to the
manufacturer’s protocol, the siRNA and Lipofectamine®
RNAIMAX (Invitrogen) were dissolved in Opti-MEM (Gibco).
The two transfection solutions were mixed and then
incubated at room temperature in dark for 30 min. When the
confluence rate of BMSCs reached 40%-50%, the culture
medium was exchanged into a-MEM with 10% FBS without
penicillin or streptomycin 2h in advance. Then, the
transfection mixture with Bmall siRNA or control siRNA was
added into the culture medium. The knockdown efficiency
was detected by quantitative reverse transcription polymerase
chain reaction (qQRT-PCR) after 12-h incubation. If BMALI
was successfully knockdown, cells were applied for tests as
described below.

CCK-8 assay

A cell counting kit-8 (CCK-8) (Beyotime, China) was used
to measure the proliferation ability of BMSCs. At the time point
of 1 and 3 days after being transfected with siRNA, cells were
cultured into a 96-well plate in five duplicated wells. Then, a
100 I CCK-8 working solution was added into each well.
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After incubating for 2 h, absorbance of the culture medium was
detected at 450 nm.

Assessment of senescence-associated
B-galactosidase staining

A senescence-associated B-galactosidase (SA-B-gal) staining
kit (Beyotime, China) was used to detect cell senescence of
BMSCs. Passage 4 BMSCs were incubated in a six-well plate.
After being transfected with siRNA, the medium was removed
and cells were rinsed with PBS twice. Then, BMSCs were
fixed with 4% paraformaldehyde and stained with a working
mixture of B-galactosidase and X-Gal at 37 °C overnight in
dark. Senescent cells were inspected with an optical
microscope and counted in random field of vision.

RNA extraction and qRT-PCR

In the in vitro test, total RNA was isolated using Trizol
Reagent (Invitrogen) 7 days after osteogenic induction. The
total RNA was treated with DNase and then reverse
transcribed via a PrimeScript RT reagent Kit (Takara). Real-
time PCR was conducted in a 20-pl mixture using SYBR
Premix Ex Taq (Takara) and LightCycler 96 (Roche). Bmall
and osteogenesis-related genes such as Sp7, Runx2, and
Bmp2 were examined quantitatively using the housekeeping
gene GAPDH as baseline. The primers are shown in
Table 1 (18).

Alkaline phosphatase staining and protein
assay

After 7 days of osteogenic induction, BMSCs were fixed
with 4% paraformaldehyde and then incubated with a
working mixture of BCIP/NBT (BCIP/NBT Alkaline
Phosphatase Color Development Kit, Beyotime, China) for

TABLE 1 Primer sequences for qRT-PCR.

10.3389/fped.2022.1091296

15 min. Images were taken with the Epson Perfection V370
Photo Scanner. For the alkaline phosphatase (ALP) protein
assay, the total protein of BMSCs was collected with a protein
extraction kit (PE001, Sab-biotech) and quantitatively assayed
using the BCA Protein Assay Kit (Beyotime, China). An
alkaline phosphatase assay kit (Beyotime, China) was used for
the protein assay. After reaction with 0.5 mM p-nitrophenyl
phosphate for 10 min, absorbance of p-nitrophenol formed by
hydrolysis was detected at 405 nm. The corresponding of ALP
activity was converted according to the standard curve.

Alizarin Red S staining

After 14 days of osteogenic induction, BMSCs were fixed
with 4% paraformaldehyde and stained with Alizarin Red S
(ARS) solution (Solarbio, China). Images were taken with the
Epson Perfection V370 Photo Scanner.

Implant surgery

The mouse Bmall sequence (NM_007489) was retrieved
from GeneBank, and the lentiviral vector was obtained from
GENECHEM Co. (China). Mice were divided into three
groups: (1) young group: young adult mice without lentiviral
vector injection; (2) aged group: aged adult mice without
lentiviral vector injection; and (3) transfection group: aged
adult mice with lentiviral vector injection. Rod-shaped
titanium implants (commercial pure titanium, grade 4, SLA
surface modification, 2 mm in length and 1 mm in diameter)
were obtained from WEGO CO. (China). Mice were
anesthetized through intraperitoneal injections of ketamine
(70 mg/kg) and xylazine (10 mg/kg), and implants were
inserted into the distal aspect of femurs as described by Xiang
et al. (20) and Xue et al. (21). Briefly, after dissecting the skin
and muscles, the implant sites were prepared by sequential
drilling with 0.8/1.0 mm-diameter stainless-steel twist drills
under continuous sterile saline irrigation. Then, one implant

Primer Forward Reverse

Bmall 5'-AACCTTCCCGCAGCTAACAG-3’ 5'-AGTCCTCTTTGGGCCACCTT-3’
Gapdh 5'-ACTGAGGACCAGGTTGTC-3’ 5'-TGCTGTAGCCGTATTCATTG-3’
Sp7 5'-TATGCTCCGACCTCCTCAAC-3 5'-AATAGGATTGGGAAGCAGAAA-3’
Runx2 5’-GGTACTTCGTCAGCATCCTATCAG-3’ 5’-GCTTCCGTCAGCGTCAACAC-3’
Alp 5"-AACCCAGACACAAGCATTCC-3’ 5'-GCCTTTGAGGTTTTTGGTCA-3’
DIx5 5'-CTGGCCGCTTTACAGAGAAG-3’ 5'-CTGGTGACTGTGGCGAGTTA-3’
Collal 5'-TAGGCCATTGTGTATGCAGC-3’ 5'-ACATGTTCAGCTTTGTGGACC-3’
Bglap 5"-TTGGTGCACACCTAGCAGAC-3 5'-ACCTTATTGCCCTCCTGCTT-3

qRT-PCR, quantitative reverse transcription polymerase chain reaction.
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was press-fitted into the prepared hole (Figure 3A). In the Identification of lentiviral vector
transfection group, BMALLI lentiviral vector was injected into transfection
the holes before implant insertion. Finally, the muscles and
skin were sutured tightly with 5-0 nylon suture (Huawei, To confirm the functionality of BMALI lentiviral vector
China) to protect the implant sites from the surrounding transfection system in the peri-implant sites, the IVIS
environment. Figures 3B,C show the representative actual and Spectrum imaging system (PerkinElmer, Inc.) (absorbance of
x-ray inspection of femurs with implants. 465 nm) and immunofluorescence labeling of GFP (Abcam)
A Bmal1 B

15, m siCtrl 400+ -=- siCtrl

2 ¢ siBmal1 iBmal1

S _ - siBmal

ug < 300- p=0.015

2 1.04 z

(%3 =

g. _"3 200 4

S 05- 2z

14 .

£

0.0 T 0 T T T
Do D1 D3

D _
X
g 80 = siCtrl
© p=0.001 .
€ ¢ siBmal1
@ J
o 60 &>
)
[o X
S 401
=
2 -
Q  20-
©
P
$ o0 .
<
7]

FIGURE 1

Depletion of BMAL1 accelerated cell senescence of BMSCs. (A) gRT-PCR test verified the knockdown efficiency of siBmall. (B) Cell viability of BMSCs
after siRNA treatment. (C) SA-B-gal staining images of BMSCs after siRNA treatment. Scale bar = 100 pm. (D) Quantitative analyses of SA-B-gal
staining. BMSCs, bone marrow mesenchymal stem cells; gRT-PCR, quantitative reverse transcription polymerase chain reaction; SA-B-gal,
senescence-associated p-galactosidase.
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FIGURE 2
Knockdown of BMAL1 reduced osteogenic differentiation of BMSCs. (A) Representative images of ALP and ARS staining of BMSCs in siBmall and siCtrl
group. (B) Quantitative analyses of ALP activity. (C) gRT-PCR analyses of the expression of osteogenesis-related genes (Sp7, Runx2, Alp, DIx-5, Collal,
and Bglap) 7 days after osteoinduction. BMSCs, bone marrow mesenchymal stem cells; gRT-PCR, quantitative reverse transcription polymerase chain
reaction; ALP, alkaline phosphatase; ARS, Alizarin Red S.

were used to observe the expression of GFP in the transfection
group at day 14 after the implant surgery.

Micro-CT analyses

Two weeks after implant surgery, femurs containing
implants were harvested and scanned with a pCT 80 micro-
CT system (SCANCO 50, Switzerland) at 8 um resolution
(90 kV, 200 pA, 500 ms integration time). A radius of p20 m
around implants was defined as the peri-implant site for
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of (VOI).  After
reconstruction, a few basic parameters were analyzed as
follows: (1) BIC: bone-implant contact; (2) BV/TV: bone
volume fraction; (3) Tb. N: trabecular number; (4) Tb. Sp:
trabecular separation.

volume interest three-dimensional

Histomorphometric analyses

The specimens were fixed with 4% paraformaldehyde,
dehydrated with a graded series of ethanol solutions (60%,
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80%, 90%, and 100%), and embedded in light-curing epoxy
resin (Technovit 7200VLC, Hereaus Kulzer, Germany) for 1
week. Then, the specimens were sliced perpendicular to the
long axis of the implants and sanding to about 50 pm
thickness using a grinding system (Exakt Apparatebau,
Germany). Sections were stained with Stevenel’s blue and Van
Gieson’s Picrofuchsin stain (20), and images were taken under
a light (OLYMPUS BX43F, Japan).
histomorphometric analysis, BIC and BV/TV were measured
using the NIH IMAGE ] software (21). BIC was defined as
the line percentage of the implant interface that directly
contacts the bone. As for the BV/TV, it indicated the
proportion of bone to total tissue volume around the implants.

microscope For

Statistical analyses

All data were presented as mean + standard error (SD).
Statistical differences were calculated via Student’s t test for
independent samples or one-way ANOVA for multiple
comparisons using SPSS 17.0 software (SPSS, Inc., Chicago,
IL, United States). A P value of less than 0.05 was considered
as a statistically significant difference.

Results

The knockdown of BMAL1 accelerated
cell senescence of BMSCs

BMALI was knockdown in BMSCs to verify its effect on cell
senescence. QRT-PCR tests showed the efficiency of BMALLI
knockdown (Figure 1A). CCK-8 assay demonstrated that
deficiency of BMALI led to reduced cell proliferation capacity
(Figure 1B). In the knockdown group, more blue-dyed
products catalyzed by B-galactosidase were observed than
another group under optical microscope via SA-B-gal staining
(Figure 1C). It indicated that the knockdown of BMALI in
BMSCs accelerated cell senescence. The counting result of
senescent cells is shown in Figure 1D.

The knockdown of BMALL reduced
osteogenic differentiation of BMSCs

The osteogenesis of BMSCs was examined with ALP
staining after 7 days osteoinduction, which indicates reduced
capacity of osteogenic differentiation in the knockdown group
(Figure 2A). The quantitative analysis of ALP activity also
the BMALL1
deficiency (Figure 2B), and the ARS staining demonstrated
the consistent result (Figure 2A). Moreover, qRT-PCR tests at

showed downregulated osteogenesis under

7 days after osteoinduction revealed that a few osteogenesis-
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related genes (Sp7, Runx2, Alp, DIx-5, Collal, and Bglap)
were downregulated significantly (Figure 2C). The results
above indicated reduced osteogenic differentiation of BMSCs
under BMALLI depletion.

Transfection of BMAL1 promoted titanium
implants osseointegration

To investigate the overexpression of BMALI around

titanium  implants in aged mice, micro-CT and
histomorphometric analyses were conducted. First of all,
immunofluorescence proved that GFP is expressed around the
implant sites in the transfection group (Figure 3D). The
three-dimensional reconstruction of the implant and newly
formed bone tissue indicated that 2 weeks after implant
surgery, bone-implant contact was obviously detected in the
young group, while in the aged group, less bone-implant
contact could be observed. After overexpressing BMALL,
samples in the transfection group exhibited increased BIC
4A).
that the transfection of BMALI reversed bone-
contact, which decreased while aging (Figure 5A).

4B and 5B show the calculation results of BIC. As

(Figure Histomorphometric analyses demonstrated
likewise
implant

Figures

12mon

D
- --

12mon+BMALA1

GFP

- - -

FIGURE 3

Representative images of implant surgery. (A) Titanium implants
inserted into the distal end of femurs. (B) Representative image of
femur with implant. (C) X-ray inspection of femur with implant. (D)
Immunofluorescence proved positive expression of GFP in
transfection group
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FIGURE 5
Histologic analyses of femurs with implants. (A) Representative image of histological sections after 2 weeks healing. (B,C) Quantitative analyses of BIC
(%) and BV/TC (%), respectively, through histological images. (n = 4). BIC, bone-to-implant contact; BV/TV, bone volume fraction.

shown in Figure 4C, the BV/TV and Tb. N of mice femurs
around implants in the aged group were significantly lower
than that in the young group, but they increased in the
transfection group. Otherwise, the Tb. Sp of mice femurs
around implants in the aged group were significantly higher
than that in the young group, but they decreased in the
transfection group. Histomorphometric analyses demonstrated
consistent results of BV/TV (Figure 5C). Results above
indicated that overexpression of BMALI facilitates
osseointegration, which decreases while aging.

Discussion

Implant treatment has become a mainstream of dental
rehabilitation therapy in recent years. Despite the relatively
high successful rate of implant therapy and a great number of
surface modification techniques for titanium implants,
osseointegration in certain individuals, such as the elderly,
remains a challenge (22, 23). After the placement of implants,
osteoprogenitor cells around the sites are recruited,
differentiating into osteoblasts following the hemostasis and
inflammatory  phase (10). Osteoblasts derived from
mesenchymal stem cells secrete extracellular bone matrix on
the surface of implants and mineralize the matrix. Aging
status, however, alters this process (11). In recent years,
increasing amount of evidence shows that disruption of
biorhythm can lead to various pathologies in different tissues
(17, 24, 25). Simultaneously, interruption of circadian clock
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causes aging, clicking with the fact that BMAL1 has been
reported as the key factor to aging, in addition to its effect on
circadian rhythm in mammals (17, 26).

The effects of circadian clock proteins on bone metabolism
and osteogenesis have been extensively studied, while the
conclusion remains controversial though. Chen et al. found
that gene and protein levels of BMAL] in BMSCs decreased
during the aging process, suggesting the potential impact of
BMALI in osteogenesis, and it was confirmed by subsequent
studies (13, 18). Related studies have been carried out in mice
as well. Mice deficient of Bmall show low bone mass
phenotype, meanwhile increasing bone resorption (14, 27). It
has been reported that bone resorption can also be regulated
by BMALI (28). However, another report has reached a
contradicted conclusion (15). More detailed research on bone
mass regulation should be carried on in the near future as a
result. Interestingly, Zhuo et al. demonstrated that BMALLI
along with PER2, another component circadian clock protein,
might play a synergistically negative role in bone metabolism.
Qian et al. also reported this opposite effect (29, 30). Though
a whole set of genes, including BMALI, Per2, and Npas2, all
have been reported to add up to the basic biorhythm
regulation, BMALI can still be regarded as one of most
important genes and studied most, according to earlier
investigations, which is the reason we chose to lay our eyes on
BMALL in this study. Same as the results of Chen et al., we
herein demonstrated that knockdown of BMALI in mouse
BMSCs decreased the osteogenic differentiation ability
(Figure 2). In addition, the results in this study confirmed
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that deficiency of BMALL also influenced the cell aging status of
BMSCs (Figure 1). These results suggested that BMALI might
have an influence on bone metabolism around dental implants
due to its key function of BMSCs in osseointegration under a
common microenvironment.

As for osseointegration, few studies have focused on the
function of circadian clock proteins in dental implants so far.
Mengatto et al. conducted whole genome microarray analyses to
evaluate the total RNA around implants in rats and provided
evidence that the circadian rhythm system was involved in the
establishment of osseointegration (31). The mentioned circadian
clock genes, including Bmall, Per2, and Npas2, act together as
the positive and negative arms of the negative feedback
mechanism. NPAS2 was proven to facilitate osseointegration of
titanjum implants through a neuroskeletal mechanism (32).
However, as far as we know, this study is the first on the effect
of BMALI in osseointegration directly. During this study, our
results confirmed that BMALI regulated osteogenesis around
titanjum implants. The ability of bone healing of mammals
decreased in the aging process with deficiency of BMALLI
function (11,
impaired in aged mice and the overexpression of BMALLI

13). Thus, the bone-to-implant contact was

reversed the osteogenesis ability to facilitate the fixation of implants.

Although we have found that the circadian clock
component BMALL1 indeed facilitates osseointegration through
a mouse model, there are several limitations. First of all,
transfection efficiency of BMALL vector should be precisely
calculated after applied in BMSCs of femur. Moreover, femurs
arise from mesoderm embryologically, while alveolar bones
where dental implants are placed in reality are from neural
crest cells. Differences in the developmental origins lead to
discrepancy in bone healing (33). Due to the difficulty in
lentiviral vector injection in alveolar bones, implant models
are merely conducted in femurs. Otherwise, osseointegration
is regulated by a complex molecular network related to bone
quality, the transient chondrogenic phase, the vitamin D axis,
and the circadian rhythm (34). The molecular mechanism
and whether the circadian clock component can influence the
other aspects of osseointegration, such as angiogenesis, remain
uncertain. As He et al. once proved that Wnt/B-catenin
pathway was involved in the regulation of BMALI in bone
marrow stromal cells (18), it should be considered in further
studies. In this study, we use lentiviral vector to accomplish
sustained BMAL1 overexpression around implants as it has
been considered an effective transgene expression approach
(35), while gene knockout mice can achieve more stable gene
scavenging models. Thus, further studies with improved
models may contribute to a deeper understanding about the
effect of BMALI on titanium implants osseointegration.

To conclude, this study revealed that the circadian clock
component BMALI might regulate aging-related impaired
osteogenesis around titanium implants in vivo, which may be
a result of reversing the senescence of BMSCs, and facilitate
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their osteogenesis ability. The BIC and relevant bone mass
parameters are rescued through lentivirus transfection of
BMALIL. The regulatory molecule network of osseointegration
remains an attractive topic and the circadian clock system may
play an essential role. Our results provide a specific sight of peri-
implant osteogenesis regulation and further studies are needed.
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Objective: This brief research report aimed to evaluate the short-term efficacy
of presurgical nasoalveolar molding (PNAM) therapy on the nasolabial
morphology three dimensionally in patients with non-syndromic complete
unilateral cleft lip and palate (UCLP).

Methods: Thirty-six patients with non-syndromic complete unilateral
complete cleft lip and palate were enrolled retrospectively and categorized
into 2 groups: 18 patients who had received PNAM treatment (PNAM group)
and 18 age-matched patients who have not receive PNAM treatment
(no PNAM group) from 2017 to 2021. The average starting age for PNAM
therapy was 18.33 days, and the average PNAM treatment duration was
99.08 days. Twelve nasolabial parameters were measured to compare the
postsurgical outcomes of two groups.

Results: In PNAM groups, cleft width, vertical distance between double Crista
philtri and columellar deviation were reduced compared to that in no PNAM
group. And nostril height was larger than that in no PNAM group. The
differences between two groups were statistically significant (p <.05). There
were no statistical differences in columellar length, nostril width and bi-alar
width between two groups. However, the nostril width on cleft side in PNAM
group was decreased by an average of 1.1 mm.

Conclusion: Our result indicated that PNAM therapy decreased cleft width and
vertical distance between Crista philtri. It also increased nasal symmetry by
decreasing columellar deviation, increasing nostril height.

KEYWORDS

nasoalveolar molding (NAM), cleft lip and palate, anthropometry, nasal deformity, short
time observation
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Introduction

The difficulties of primary surgical treatment for unilateral
complete cleft lip (UCLP) are the
displacement of the nasomaxillary morphology, such as wide

discrepancies and

cleft gap and the displacement of alveolar segments.
Presurgical nasoalveolar molding (PNAM), established by
Grayson et al. (1), is a non-surgical method of reducing cleft
width, aligning the alveolar segments and deforming nasal
lower lateral cartilages to minimize the severity of cleft
deformity before primary unilateral cleft lip repair and
palatoplasty and consequently improving surgical outcomes.
In the past few decades, there have been many reports
documented favorable efficacy of PNAM in decreasing cleft
avelo (2-5).

Precise imaging of craniofacial malformation is a crucial
precondition for UCLP patients’ treatment. The introduction
(3D)
stereophotogrammetry (6-9) and 3D laser scanning (10-13),

of  three-dimensional measurements  such  as
facilitates the recording and assessment of CLP patients’
dento-macxillofacial morphology compared to traditional direct
anthropometric and two-dimensional measurement based on
photographs. However, the 3D reconstruction of dento-
maxillofacial profile might have distortion due to insufficient
instrument precision, change in patient’s facial expression and
The

specification of the measuring device and high expense limit

head movement etc. profile deviation, stringent
the promotion in clinical application. Another frequently used
method is facial plaster casts. It is economic, accessible and
guarantees the verisimilitude and accuracy of facial details.
Therefore, the present study used dental plaster casts to
quantify facial landmarks of infants with complete UCLP and
retrospectively evaluate the short-term effect of PNAM

therapy on nasolabial symmetry.

Materials and methods
Patients

Patient data were retrieved from the electronic records of
the department of cleft lip and palate at West China Hospital
of Stomatology, Sichuan University. 18 complete UCLP
patients (11 boys, 7 girls) aged 3 to 6 months who received
PNAM from November 2017 to November 2021 were
extracted for the study. Besides, 18 age-matched complete
UCLP patients (10 boys, 8 girls) who didn’t undergo any
non-surgical treatment were enrolled as control group. The
participants were selected for inclusion in the present study
based on the following criteria: (1) infants with non-
UCLP; (2) other
craniofacial malformations; (3) first consultation during the

syndromic complete no co-existing
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neonatal period, (4) written consent of one or both parents
for any clinical-surgical practice.

The average age of the patients upon commencing PNAM
therapy was 18.33 days (range 2 to 32 days), and the average
therapy duration was 99.08 days (range 65 to 126 days). The
procedure of PNAM therapy was basically in accordance with
the Grayson’s technique (1). There were two main differences:
first, nasal stent was added to the dental plate when the
patients adapted to it (The infant only spent 7-14 days to
completely adapt to the nasal stent) and then the nasal stent
was adjusted weekly; second, the PNAM appliance was fixed
in position with denture adhesive. A horizontal tape (3M Steri
strips-1/4 Inch) was placed at the base of nose, stretching the
lip segments toward each other. Artificial skin was applied to
each cheek to avoid skin irritation created by adhesive tape
(Figure 1).

All impressions were taken from participated infants under
general anesthesia and the casts were fabricated with dental
plaster. The bases of the facial casts were trimmed and
adjusted to make the planes of all casts identical. All casts
were marked with computerized random numbers for the
subsequent blinded measurement. All PNAM therapy and
casts were accomplished by the same author (C.Y). The
protocol for the current study was reviewed and approved by
the Institutional Review Board of West China Hospital of
Stomatology, Sichuan University (No. WCHSIRB-D-2016-
084R1).

Landmarks and measurement

The facial anatomical landmarks were identified on each
cast (Table 1). The horizontal reference line was constructed

FIGURE 1
A study patient wearing the presurgical nasoalveolar molding
(PNAM) appliance.
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TABLE 1 The facial landmarks and descriptions.

Landmark Description

Endocanthion right and left (Enr
and Enl)

Alare right and left (Alr and All)

The inner commissure of palpebral fissures
on right and left side

The lateral insertion of the nasal rim near the
upper lip.

Subalare right and left (Sar and The medial insertion of the nasal rim near
Sal) the upper lip; the most caudal end of the

nasolabial crease

Columella (C) Most superior point on the midline of

columella

Subnasale (Sn) The Midpoint of columella base where

borders of nasal septum and upper lip meet

Crista philtri right and left (Cphr ~ The top points of Cupid’s bow on right and

and Cphl) left side
Cheilion right and left (Chr and ~ The most lateral labial commissure point on
Chl) the right and left

Labrale superius (Ls) The midpoint of Cupid’s bow

by connecting the endocanthion points (Enr-Enl). Clefts were
standardized to the right side by “mirroring” the facial
measurements of patients with left-sided clefts.

Twelve parameters were assessed to evaluate nasolabial
symmetry: non-cleft/cleft lip height (Sal-Cphl; Sar-Cphr),
non-cleft/cleft lip length (Cphl-Chl; Cphr-Chr), cleft width
(Cphr-Cphr’), vertical distance between Crista philtri left and
right (h), columellar deviation (CD), columellar length (Sn-
C), non-cleft/cleft nostril width (Sn-sar;Sn-sal), cleft nostril
height(H); bi-alar width(all-alr) (Figure 2).

The casts were measured directly using the electronic
vernier caliper and protractor. The measurements were
completed and repeated the three times by a single operator
(S.L) on three different occasions.

Numerical data are presented as means + SDs. Paired t-test
was performed to compare the outcomes of PNAM group and

FIGURE 2

The horizontal reference line and facial anthropometric parameters.
The horizontal reference line(Enr-Enl), non-cleft/cleft lip height
(Sal-Cphl;Sar-Cphr),non-cleft/cleft lip length (Cphl-Chl;Cphr-Chr),
cleft width (Cphr-Cphr), vertical distance between double Crista

philtri (h), columellar deviation (CD), columellar length (Sn-C),
non-cleft/cleft nostril width (Sn-sar;Sn-sal), cleft nostril height(H);
bi-alar width(All-Alr).

Frontiers in Pediatrics

18

10.3389/fped.2022.1101184

no PNAM group. The statistical analyse was performed using
IBM SPSS Statistics 20.0 (IBM Corp., Armonk, NY, USA).
The p value <0.05 was considered as statistical significance.

Results

All results are shown in Table 2. The cleft width reduced
significantly (p <0.001), resulting in better approximated lips.
The vertical distance between Crista philtri demonstrated
significant decrease in PNAM group (p <0.001). However, lip
height and lip length on both sides were not significantly
different. In the assessment of nasal morphology, the PNAM
group showed significant improvement in columellar deviation
(p<0.001). Columellar length and nostril width on cleft and
non-cleft side did not show significant difference between two
groups (p=0.167, p=0.847 and p=0.628 respectively). The
mean value of columellar length of PNAM group was higher
compared to no PNAM group. The mean value of nostril width
on non-cleft side was almost identical between the two groups
while the mean value of nostril width on cleft side in the
PNAM group was decreased by an average of 1.1 mm compared
to no PNAM group. The cleft nostril height was larger in
PNAM group, and the difference between two groups was
statistically significant (p <0.001). The mean value of bi-alar
width exhibited non-statistically significance between two groups.

Discussion

The prime aim of presurgical treatment in patients with
UCLP is rehabilitating the deformed dento-maxillofacial

TABLE 2 Comparison of the nasal symmetry between PNMD group
and np PNMD group.

Measurements Mean + Standard Deviation (mm) p value
No PNAM group PNAM group

Sal-cphl 8.52+0.96 8.26 +2.02 0.694
Sar-cphr 10.92 +1.18 10.98 + 1.02 0.775
Chl-Cphl 13.12 + 1.44 13.28 + 1.83. 0.847
Chr-Cphr 16.01 +2.14 18.83 +2.31 0.628
Cphl-Chpr’ 1573 +2.97 1114+ 1.53 0.038"
h 3.68+1.26 2.58 +0.42 <0.001*
CcD 4930 £10.0 30.73+7.24 <0.001*
Sn-C 4.31+0.62 3.92+0.68 0.167
Sn-Sar 10.68 + 0.37 10.34 + 1.24 0.715
Sn-Sal 20.35+2.68 18.46 +2.69 0.088
H 3.02+1.10 4.80+0.83 <0.001°
All-Alr 3338+2.94 3240 +2.59 0.418

All results based on paired sample t tests.
?Measurements with ? indicate a statistical significance (p < 0.05).
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components to allow for better surgical outcomes and reduced
need for secondary revisions (14, 15). The present study was
conducted to assess the efficacy of PNAM on short-term
nasolabial symmetry before primary UCLP repair and the
results demonstrated improvement in cleft width, vertical
distance between double Crista philtri, columellar deviation
and nostril height on cleft side in PNAM-treated patients.
The lip taping during PNAM therapy approximated the lip
reduction cleft width segments, improved lip symmetry and
centralized the columella. The nasal stent contributed to the
significant increase of nostril height on cleft side by reshaping
the collapse alar cartilage. The columellar length, nostril width
on both sides and bi-alar width
difference in the present study. Though the current study

showed no statistical

demonstrated that PNAM group had improved nasolabial
outcomes after the procedure in comparison with no PNAM
group and the short-term effectiveness has been corroborated
by numerous studies (16, 17), the post-surgical outcomes and
long-term sustenance of facial symmetry have yet to be
determined (8, 18, 19).

In previous studies, the most commonly used method for
facial morphological analyses is two-dimensional (2D)
photography (2, 18, 20, 21). The 2D photography offers the
benefits of non-invasive, simple and quick facial morphology
the
information about the 3D anatomical structure (22). The

capturing. However, photographs provide limited
technique of plaster cast measurements in the current study is
an easily reproducible and safe method for recording and
evaluation of CLP patients’ 3D facial morphology. This
method also has some drawbacks, including errors during
manual measurement and needs for storage space. Other 3D
measurements such as stereophotogrammetry and laser
scanning have been reported to be employed in PNAM
therapy to acquire digitalized patients’ dento-maxillofacial
structures and customize templates (23-25). Nevertheless, the
equipment was not available for many CLP centers. To
further validate the efficacy of PNAM, studies with large
sample size and long-term follow-up with the application of

3D analysis were highly recommended.
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Cleft lip and palate (CLP) is the most common congenital facial malformation
and has a significant developmental, physical, and psychological impact on
those with the deformity and their families. Risk factors contributing to CLP
may conclude as genetic factors and environmental factors. The anatomical
and morphological abnormalities related to CLP are favorable for dental
plague accumulation on the tooth surface. Therefore, patients with CLP
undergo poorer oral hygiene and higher susceptibility to dental caries and
periodontitis. In this review, we aim to conclude and update probable causes
underlying the association between CLP and poor oral health and provide
novel ideas of targeted early prevention for such oral diseases.

KEYWORDS

cleft lip and palate, oral hygiene, dental caries, periodontitis, alveolar bone deformity,
tooth deformity, microbial dysbiosis

Introduction

During embryogenesis, oral and maxillofacial areas are developed from frontonasal
process, the paired lateral and medial nasal processes, and the paired maxillary processes.
Cleft lip (CL) and cleft palate (CP) are two kinds of congenital malformation resulting
from unsuccessful embryonic facial fusion processes and usually co-occur in the form of
complete unilateral (UCLP) or bilateral (BCLP) cleft lip and palate (1). Based on their
association with specific malformative patterns or their presence as isolated defects,
CL/P can be classified as syndromic (SCLP) and non-syndromic, respectively
(NSCLP) (2). Cleft lip and palate (CLP) affects roughly 10 million people worldwide
and reduces quality of life, especially children and adolescents (3). Risk factors for
facial cleft can be classified into four categories: genetic factors, pharmaceutical and
physical factors, maternal metabolic or nutritional imbalances, maternal infection or
injury (4) (Figure 1).

Children born with head and jaw deformations that affect the development and
function of teeth and jaws are generally more susceptible to poor oral health (5).
Dental caries and periodontitis are two most common infection-driven diseases in
oral cavity prevalent in individuals with poor oral hygiene habits. Although the
etiologies of caries and periodontitis are reported independent, with dental decay
induced by supragingival plaque while periodontal infections by subgingival plaque (6),
disruption of dynamic ecologic equilibrium in oral microbial biofilms can both lead to
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FIGURE 1

Embryonic development in oral and maxillofacial region. (A) embryonic week 4. (B) embryonic week 6. (C) developed lip and palate. Cleft phenotypes
(D) Normal cleft lip. (E) unilateral cleft lip and palate (UCLP) and (F) bilateral cleft lip and palate (BCLP).
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the onset of these two inflammatory diseases (7). Biofilms on
tooth surface will produce acids in the presence of dietary
carbohydrates. These acids demineralize the enamel and
eventually allow cariogenic bacteria to invade the enamel,
dentin and even the pulp (8). Subgingival biofilm destruct the
structural integrity of the junctional epithelium, consequently
inducing inflammation and thus leading to pocket formation (9).

Cleft lip and palate affect not only patients’ appearance, but
also disrupts the continuity of maxillary arch, affects tooth
structure, shape, number, eruption and maxillofacial growth.
the of the
morphological alterations, patients with CLP and alveolar cleft

Due to adverse change anatomical and
are more likely to accumulate dental plaque in oral cavity.
Thus, studies have reported that those children presented a
higher prevalence of extensive dental caries and periodontitis
compared with general population (10-12). The objective of
the review is to summarize and update the body of evidence
on the causes underlying the association between CLP and

poor oral hygiene.

Dental caries and periodontitis
prevalence of children with CLP

Various epidemiological studies have demonstrated that
there is an association between alveolar cleft and poorer oral
health. A recent study found that among the children with
cleft the prevalence of dental caries was found to be 71.9% (13).
When comparing tooth caries and periodontal status, several
studies showed that DMFT (Decayed, Missing, and Filled

Frontiers in Pediatrics

Teeth) and dmft scores were significantly higher in the control
group without CLP, while plaque and gingiva indices such as
plaque index and the gingival bleeding index were higher in
CLP group than the controls (14-17). Different types of CLP
seem to be quite diverged. Hazza’a et al. carried out a study and
concluded that bilateral CLP experienced more dental caries
than unilateral CLP patients, whereas only plaque accumulation
was significantly higher in the BCLP patients (18). Howe et al.
conducted a case-control study and recruited 3,326 patients
with their relatives and confirmed the genetic factor is highly
significant risk factor for children with CLP who are more
susceptible to tooth decay (10). Evaluation of oral biofilm in
children and adolescent revealed that the level of periodontal
pathogens, including the most periodontopathic bacteria
Actinobacillus actinomycetemcomitans, Porphyromonas gingivalis,
and Tannerella forsythia, were statistically higher in the
subgingival biofilms of the CLP group, thereby inducing more
severe periodontitis (11, 19). Early-stage intervention such as
early surgical repair is frequently performed within the first 1 to
2 years of life, which is of vital importance in team approach to
cleft lip and palate (20). While fistulas following cleft palate
repair may impair hygiene and occur in up to 35 percent of
cases (21). Fritz et al. compared the oral health between patients
with or without fistula after surgical correction of cleft palate
and demonstrated a significantly lower oral health score in the
fistula group, indicating poorer oral hygiene (22). Genes
involved in the structure and development of congenital
maxillofacial deformity may provide a basis for the link between
CLP and dental caries. Mutations in EDARADD (ectodysplasin-

A receptor-associated adapter protein) related with ectodermal
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FIGURE 2

Patients with cleft lip and palate undergo poorer oral hygiene as a result of alveolar deformity, tooth deformity, microbial dysbiosis, surgical repair,
orthodontic treatment and appliance wear.

dysplasia is likely to cause abnormal development of teeth, skin, multiple missing teeth, ectopic teeth; supernumerary teeth;
hair, nails, and sweat glands (23). Therefore, the prevalence of enamel and dentin malformation (27). Enamel hypoplasia
dental caries was higher in syndromic cleft patients compared often present with problems of discoloration and aesthetics,
with those without a syndrome in northern Finland based on tooth sensitivity, reduced acid resistance, wear and erosion (31).
the outcomes of the current study (24). Chapple et al. showed that developmental defects of enamel

Collectively, these studies allow us to confirm the hypothesis became more prevalent with age, with prevalence of 56% of 4-
that children with cleft lip and palate have a significantly year-olds and 100% of 12-year-olds in patients with CLP (32).
increased risk of dental caries and severe periodontal status as Kulas et al. carried out a case-control study and observed
compared with the general population. Further in the text, we enamel color changes of permanent teeth three times more
will explore the mechanisms that may contribute to such often in CLP children (33). While another research showed
phenomenon (Figure 2). that there was no significant difference (P>0.05) in the

prevalence of development defects involving enamel among
children with and without cleft (13). The rough surface
Mechanisms llnklng dental caries and attenuates acid resistant capacity of tooth and provides a
CLP critical niche for cariogenic bacteria to colonize. In addition,
maxillary malformation, high incidence of supernumerary teeth
Tooth deformity and malposition of teeth result in crowding and dental
malocclusion (34) which limits the use of toothbrush and

Children with oral clefts have a higher susceptibility for antiseptic mouthwash and the natural cleaning of teeth by the
dental anomalies account for genetic and environmental tongue and saliva (35). Furthermore, tooth morphologic abnor-
factors. Numerous studies have demonstrated that dental malities like dens invaginatus also provide a favorable living
anomalies are seen in a significant percentage of individuals environment for bacteria and fungi, which might be related to

with CLP (25-27). Cleft candidate genes such as MSXI, the pathogenesis and progression of dental caries (36, 37).
PAX9, IRF6, ANKS6 were confirmed associated with dental

anomalies in individuals with CLP (28, 29). Methionine

synthase gene responsible for methionine and homocysteine Cariogenic microbial dySbiOSiS
production may be associated with non-syndromic cleft lip

and palate as well as dental caries (30). The structural Orofacial cleft affects the structures and functions of oral
deficiencies of embryonic development leads to microdontia, cavities is closely related to potentially harmful changes in the
Frontiers in Pediatrics frontiersin.org
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composition and activities of the oral microbiota (referred to as
oral microbiota dysbiosis) (38). Some studies have
demonstrated the fact that children with cleft may exhibit
higher level of Streptococcus mutans (S. mutans), Lactobacillus
and Candida albicans (C. albicans) in their saliva (39-41),
which are the most common cariogenic microorganisms
(42, 43). In a study determined S. mutans and Lactobacilli
prevalence in children with CLP, S. mutans was detected in
the saliva of 45% of the children and Lactobacillus in 16%
with S. mutans in 48% of the plaque samples and Lactobacilli
in 8% (44). A more recent study has collated and analyzed
microorganisms in saliva of 80 subjects with CLP and 144
CLP using checkerboard DNA-DNA
hybridisation technique. Although no statistically significance

subjects  without
in salivary microbial profile was observed between two groups,
low level of species diversity could provide us with microbiota
dysbiosis in oral cavities of children with CLP (45). Current
mechanistic study in Irf6 ¢KO animal models confirm that
caries incidence/severity and bacterial load was increased in
gene knockout mice. They found the number of total bacterial
and S. mutans colony forming units was significantly higher
in Irf6 ¢cKO mice compared with mice of wildtype (46).
Lastly, Rawashdeh et al. detected colonization rate of Candida
was higher in patients with cleft than that in control group (47).
However, the high level of C. albicans colonization in oral
cavities of CLP patients is often related to denture or
orthodontic appliance wear, the association between C. albicans
colonization and CLP itself needs to be further exploration (48).

Orthodontic treatments and appliance
wear

Treatment of children and adolescents with CLP needs an

organized team approach to provide optimal results.
Orthodontic appliances have been linked to a higher caries
experience (33). Fixed orthodontic appliances (FOAs) and
dental prosthesis wear before or after surgical repair of CLP
patients provides blind spots and reduces the effectiveness of
saliva self-cleaning function (49). FOAs and denture base
increases the area of plaque retention and makes it difficult
for patients to maintain proper oral hygiene. The composition
of dental plaque would change, leading to an increase in
microbial population (50, 51), especially cariogenic bacteria
Streptococcus and Lactobacillus which can lead to dental caries
in the already susceptible mouths of individuals with CLP
(52). van Loveren et al. carried out showed a comparative
that

preoperative orthopedics such as wearing acrylic plate in

study and found children performing early-stage
order to obturate the cleft were colonized earlier with
S. mutans and Lactobacillus compared to non-plate oral cleft
children. And the level of S. mutans increased with age (53).
A meta-analysis that combined 39 studies oral prostheses such
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as dentures/palatal obturators and FOAs may directly affect
the growth of Candida in the oral cavity (48). Additionally,
patients wearing such devices are more likely to eat soft food
in order not to destroy orthodontic appliances, which may
lead to food particles accumulation over tooth surface, and
increase the susceptibility of dental caries.

Mechanisms linking periodontitis and
CLP

Alveolar bone deformity

Alveolar bone defect, maxillary deformity and deformed
dental arch can always be seen in CLP patients (54). CLP
defects disrupt the continuity of maxillary dental arch. Study
found that poor oral hygiene was found in all CLP patients,
while the periodontal disease of patients with cleft lip, palate
and alveolar cleft were more severe and might underwent
more periodontal tissue destruction compared to patients with
cleft palate only (55, 56). Huynh-Ba et al. carried out a
25-year comparative study and concluded that alveolar cleft
sites were likely to have more periodontal tissue destruction,
patients with orofacial cleft had higher levels of plaque and
tended to lose more periodontal attachment at cleft site (57).
A related study with 75 complete unilateral CLP patients design
showed increased plaque index of teeth in the cleft region
compared with teeth on the contralateral non-cleft side (58).
Nevertheless, some other studies observed no statistically
significance between different type of cleft (11, 47, 59), which
need further exploration for lager sample sizes. Additionally,
due to vestibule malformation in some CLP patients, the
oppression of gingiva near cleft sites may influence oral hygiene,
then adversely exacerbate mucogingival and periodontal status
at discontinuous dental arches (47).

Tooth deformity

CLP patients are born with a wide variety of dental
anomalies, which could not only increase the susceptibility to
dental caries, but also adversely affect periodontal status.
Hypoplasia teeth were seen in 30.8% CLP subjects in a
(60). Crowded teeth the
accumulation of dental plaque and make the removal difficult

retrospective  review favor
for CLP patients. In addition, dens invaginatus such as
radicular lingual groove always found in maxillary lateral
incisor has higher prevalence in patients with CLP (37), it
creates a pathological dental pocket. Such a pocket resulted
from an infolding of the enamel into dentine destroys the
connection between periodontal tissue and cementum and
allows bacteria propagate within, which can’t be easily

removed (26, 61, 62).
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Periodontal microbial dysbiosis

Periodontitis is a multifactorial inflammatory disease caused
by microorganisms accumulating in dental plaques below the
gingiva (63) and the initiation of periodontal diseases can be
primarily summed up as commensal oral microbial dysbiosis
(64). In the current literature, CLP patients have been
reported different in microorganism profile (65). Early studies
identified Porphyromonas gingivalis, Actinobacillus actino-
mycetemcomitans and Tannerella forsythia as causative agents
in periodontal disease (66). Passinato et al. sampled dental
plaque of individuals with or without CLP for subgingival
microbiota analysis, they found higher level of those three
periodontal pathogenic bacteria in the subgingival dental
plaque of the CLP group, who underwent more severe
gingivitis and periodontitis compared with control group (11).
While Quirynene et al. did not find any significant differences
of bacteria, neither in the proportion of aerobic and anaerobic
bacteria among different sites (58). A more recent study
described the subgingival microbial profile of children and
adolescents with cleft and suggested higher relative proportion
of Gram-negative anaerobic bacteria in teeth near the cleft
compared with the control group (19). When comparing oral
microbiota of infant with CLP and soft cleft palate (CSP),
Machorowska et al. detected formation of the microbiota in
individuals with CLP differed from that in CSP group, and
the bacterial microenvironment was more pathogenic of
with CLP, which is
comparative study of Tuna et al. (67). Such phenomenon

patients consistent with another
could be explained by the communication between oral and
nasal cavities and the transmission of bacteria from nasal
cavity to oral cavity in CLP group (41).

When oral microbial dysbiosis takes place, pathogenic
bacteria in oral cavity interacts with host immune system and
induces inflammation and thus increases the risk of periodontal
diseases. Taken as a whole, compared with individuals without
CLP, periodonitits-related bacteria are more likely enriched in
patients with CLP, which result in higher level of bacteremia
and endotoxemia, consequently aggravating periodontitis.

Surgical and orthodontic treatments

Children affected by CLP need multidisciplinary care from
birth to adulthood and treatment of children and adolescents
with CLP needs an organized team approach to provide optimal
results. The early-stage surgical repair of CLP is central to
current CLP team-approached treatment. However, some related
technologies are still in their infancy and need further
(68).
complications such as hypoplastic maxilla, concaved mid-face,

improvement and optimization Some postoperative

deformed dental arch and oronasal fistula are common and
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difficult to completely circumvent after surgery (54, 69).
Oronasal fistula occurs because of the poor wound healing after
surgical repair and the overall incidence varied greatly from 0 to
77.8% (21). Fistula may cause nasal air escape, difficulty with
pronunciation, food or liquid regurgitation, all of which may
lead to communication between nasal and oral cavities and
require repair (70). However, Karim et al. obtained a lower
fistula rate using a modified palatoplasty technique (71). Such
complications are likely to affect oral hygiene, promote dental
plaque adherence to the teeth and influence periodontal health
due to the patient’s difficulty in tooth brushing around the
fistula site. In addition, residual scar tissues after surgical repair
constantly pull on their surrounding gingiva and could result in
gingival recession along with speaking and swallowing, and thus
make it easier for plaque accumulation (72). Notably, besides
surgical ~ procedures, combination of preoperative and
postoperative orthodontic treatment play an indispensable role
of CLP (73).

orthodontic force may induce localized inflammatory responses

in team-approached treatment Excessive

and exacerbate the loss of periodontal attachment (55).

Dental caries and periodontitis
treatment effect of patients with CLP

Based on the ideas presented above, we can easily conclude
that proper oral hygiene is difficult for many reasons, including
anatomic factors, developmental factors, medical interventions,
fear of pain, bleeding and soft tissue damage during
cleft
interventions are necessary. Rivkin et al. found and stated that

toothbrushing near site. Therefore, early dental
a regular brush may not be effective in the hygiene of the
cleft area, the use of a small-sized toothbrush along with an
interspace brush is efficient in some situations to improve oral
hygiene of the patients with CLP mainly because the special
toothbrush made it easier to reach interdental spaces (74).In
other cases, selection of toothpastes, mouth rinses and use of
fluoride products under the guidance of dentists could be
helpful for improving oral hygiene (10, 75, 76). However,
some studies found that there was no significant decrease of
periodontal-related indices between CLP children with or
without preventive dental care, suggesting nothing is more
prior and effective than toothbrushing to remove dental
plaque (77, 78). Novel biomaterials such as nanoparticulate
cfDNA scavenger G3@SeHANSs shows the therapeutic potential
in periodontitis which is expected to be useful in CLP-related

oral diseases and need to be further studied (79, 80).

Summary

Given that the present state of knowledge suggests that
children with CLP may have a greater risk factor for poor oral
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health than the general population. Risk factors include those
related to the cleft itself and/or some complications of
secondary surgical repair.

In healthy state, there is a well-balanced equilibrium
between bacteria and the host. Maxillary bone or tooth
malformation, bad dietary habits, incorrected toothbrushing
technique of CLP patients may result in destroying the
equilibrium (81), thereby increasing the susceptibility to
periodontitis and dental caries. Dental caries and periodontitis
are driven by a variety of pathogenic microorganism (7).
However, much current studies have been limited to several
bacteria or fungi detection. Further studies need to be carried
out to include more kinds of microbial and compare
microbiota profile between patients with or without CLP, even
between different types of clefts.

In summary, poor oral hygiene-related dental caries and
periodontitis are unfavorable for oral function, aesthetics
and self-confidence of CLP patients. Although rehabilitation
and some quality of life (QOL) instruments is possible with
good quality care (82), orofacial clefts inevitably impose a
burden to the individual, the family, and society. Therefore,
families with CLP children are likely to participate in and
strictly adhere to more health care programs and related
services (83). Under such circumstances, parents of children
with CLP should raise their awareness of oral health and
receive preventive dental care as early as possible, which may
reduce the risk of dental caries and periodontitis in the future.
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Introduction: The aim of this study was to evaluate the influence of different
implant morphologies and immediate provisionalization options on the
change of implant stability.

Methods: 94 Patients were randomized to receive implants from Straumann®
BL/Straumann® BLT/Astra OsseoSpeed® TX, meanwhile having the same
opportunity to receive healing abutment or immediate provisionalization.
Implant stability quotient (ISQ) and marginal bone loss (MBL) were recorded
at following timepoints. Parametric statistic was used for data analysis.
Results: Data showed that ISQ and MBL values of conical/straight/straight with
micro-thread neck implants had no significant difference.

Discussion: Immediate provisionalization options could move the dip point of
ISQ values ahead or delayed around one week, which were also relevant to
implant systems. MBL values were proved to be unaffected by both two
factors mentioned above.

KEYWORDS

implant therapy, implant stability quotient, resonance frequency analysis, immediate
provisionalization, clinical study

Introduction

Recently, implant-supported maxillofacial prostheses have become one of the most
favored methods to cope with congenital craniofacial deformities, chosen by both
patients and surgeons. This therapeutic regimen is frequently applied in multiple areas
of oral and maxillofacial surgery, including reconstruction of the maxillofacial
skeleton, restoration of hemifacial/small mandibular deformity, temporomandibular
joint (TM]) total joint replacement, and orthognathic surgery (1, 2). As a kind of
restoration and/or replacement of stomatognathic and associated facial structures by
artificial substitutes, implant-supported prostheses not only help disfigured and
socially unacceptable people to regain a normal life with normal craniofacial
appearance but also help reconstructing their facial esthetics, oral function, social-
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acceptance, and self-confidence (3). The stability of implants is
the guarantee of a long-term successful treatment.

Achieving good primary and secondary stability after
implantation is one of the necessary conditions for realizing
the functional load of the implant, and it is the decisive factor
for whether it can bear the functional load and affect the
long-term stability. Therefore, the evaluation of implant
stability after implantation is of great significance.

Implant stability testing methods are as follows, including
(BIC)
mechanical test, impact test, implant insertion torque (IT)

bone-implant-contact histomorphological analysis,
test, periodic inspection value test, x-ray follow-up, and
resonance frequency analysis (RFA) (4, 5). Among them, BIC
histomorphological analysis (bone to implant contact analysis)
is considered to be the gold standard, but its application
conditions are limited. The most commonly used ones
clinically are IT and RFA. IT is a measure of the frictional
resistance that the implant encounters through the axial
rotational movement of the top. RFA records the peak
amplitude of the vibration response to small sinusoidal signals
through a magnetic device fixed on the implant and encodes
it as an implant stability quotient (ISQ). ISQ is an objective
index reflecting the stiffness of the bone-implant system. As
the stiffness of the bone-implant interface increases, so does
the ISQ (5). A series of studies have proved the repeatability
and accuracy of the Osstell system in measuring ISQ values
(6-8).

ISQ varies
osseointegration.

with the
During

progression of implant-bone
the
mechanical stability is gradually replaced by biological

osseointegration, initial
stability. It is generally believed that with the decrease of
initial stability and the increase of secondary stability, ISQ will
experience a process of decrease and then increase. The lowest
value of ISQ appears at 4-5 weeks after operation, in general,
while it is not fixed among different implant systems and may
appear in the third or seventh week (9, 10). The literature
suggests that implants with failed osseointegration will have a
ISQ<36 was
associated with implant failure, but not with overall implant

significantly lower ISQ (4). significantly
survival (11, 12). Due to its low predictive sensitivity, ISQ
cannot be used as a reference indicator for implant failure (13).

The jaw position of the implant has a significant impact on
ISQ. Systematic review shows that the ISQ of mandibular
implants was significantly higher than that of maxillary
implants, and the difference was statistically significant (4).
There are also significant differences in ISQ between different
restoration methods. For example, the ISQ of fixed denture
restoration is significantly higher than that of overdenture
restoration (4) and progressive provisionalization (immediate
provisionalization without abutment and occlusal contact,
adjacent contact at 1 month after surgery, and occlusal
contact at 2 months after surgery). Median occlusal contact
increased faster than the delayed load ISQ (14).
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on ISQ has
often have

The effect of different implant morphologies
also been studied. Different implant systems
different thread spacing, implant morphology, microscopic
topography, and surface modification methods, which may
affect the mechanical retention force and osseointegration
efficiency of the implant. A randomized controlled trial
demonstrated that different implant neck designs affected ISQ
changes within 6 months after implantation (15). The ISQ
value and change in trend of implants of different systems are
slightly different (16). Implants with wider thread spacing
may have higher initial ISQ than implants with narrow thread
spacing, and this difference disappears after 90 days (17).
There are also differences in the ISQ curve between bone-level
implants and soft-tissue-level implants (9).

The aim of this study was to investigate the difference in the
trend of implant stability measured as ISQ among ASTRA TX,
Straumann BL, and Straumann BLT systems with various
implant morphologies. Another aim of this study was to
determine whether a relation exists between the ISQ and
provisional options. Further investigation considered the effect
of implant morphologies and surface modifications on
marginal bone loss (MBL).

Materials and methods
Patient selection

Patients with missing teeth in upper or lower jaw who were
allocated for implant placement were recruited at the
West China School of
Stomatology, Sichuan University, between September 2020
and December 2021.

Inclusion criteria were as follows: (a) aged between 18 and

Department of Implantology,

70 years; (b) generally healthy, without systemic diseases; (c) 3
months or more after teeth extraction, requiring implant-
support fix restoration,; (d) sound oral hygiene and stable
periodontal status; (e) without surgical contraindications or
anesthesia contraindications; (f) possibility for a one-stage
implant with transmucosal healing, without any need of bone
augmentation; (g) the ability and willingness to comply with
all study requirements and agree to observation till final
restoration; (h) self-signed informed consent.

Exclusion criteria were as follows: (a) moderate or heavy
smokers (>10 cigarettes per day); (b) patients suffering from
severe bruxism; (c) history of head and neck radiotherapy,
chemotherapy, or bisphosphonate treatment; (d) pregnant or
(e)

condition;

lactating females; poor oral hygiene and unstable

() (8

diabetes, osteoporosis, rheumatic arthritis, oral cancer, or

periodontal alcoholism; uncontrolled

neoplasm; (h) a need for bone grafting in the implant site; (i)
insertion torque under 20 N cm (due to the need to remove
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the healing abutment/provisional teeth several time during the
healing period).

The study protocol and the consent forms were approved by
the Ethics Committee of West China School of Stomatology
(WCHSIRB-CT-2022-250), the
guidelines for Good Clinical Practice were respected. All

Sichuan  University, and
participating individuals were informed of the risks and
benefits as well as the procedures of the study; they all gave
written informed consent. The study was investigator-initiated
and was supported by an unconditional grant from Sichuan
University. The study was in compliance with the EQUATOR
guidelines for clinical studies.

Study design

Implants and surgical procedure

All recruited patients should go through preoperation
examination, including the following: (1) Basic health data
acquisition, preoperative blood test, and blood pressure
measurement to exclude contraindications; (2) cone-beam
computed tomography (CBCT) examination to obtain hard
tissue data; (3) intraoral photographs to obtain soft tissue
condition. Then, the principal investigator of the project
would make a treatment plan for each patient before surgery,
ensuring the patient’s oral condition was suitable for implant
placement surgery and restoration without necessity of bone
augmentation, after which the consent form would be signed
by the patient himself/herself.

All patients received a dental implant in the missing site be
means of a one-stage transmucosal approach with healing
abutment or immediate provisional restoration. Prior to
surgery, patients were randomly allocated to Straumann Bone
and ASTRA
OsseoSpeed TX groups, while in each group provisionalization

Level, Straumann Bone Level Tapered,

10.3389/fsurg.2022.1095741

provisionalization or nonimmediate provisionalization). All
the surgical procedures were performed by one certified
surgeon (ZT) wusing the technique and

protocols. Three different commercially available tapered

same surgical
dental implants were used (Figure 1): Straumann Bone Level,
Straumann Bone Level Tapered, and ASTRA OsseoSpeed TX.
Healing abutments or temporary abutments of the same
system as the implants were applied after surgery. Implants
from every individual system are manufactured using the
same titanium alloy and have identical surface characteristics.

Antibiotics were used prophylactically for 0.5-1h before
surgery. Every patient was asked to do mouth rinsing with
0.2% chlorhexidine solution for 3 min. Surgery was performed
under local infiltration anesthesia with articaine and
epinephrine. Following local anesthesia, the implant site was
exposed via a mid-crestal incision and a full-thickness flap
was elevated. Positions of the implants were marked with a
The followed  the

recommendation of the manufacturers. After preparation of

round  bur. surgical  procedure
the osteotomy site, the clinical records of implant diameter,
length and implant torque, and ISQ values were recorded, and
restoration was

a healing abutment or an immediate

randomly placed.

(1) Immediate provisionalization group: The three positions of
the implant were obtained by intraoral pick-up to make a
temporary restoration. Immediately after the operation,
the immediate restoration was inserted and adjusted to
make it in the median jaw position, forward extension
and lateral movement. There was no contact with the
opposite teeth and adjacent teeth, and the wounds were
closed tightly with sutures.

(2) Nonimmediate provisionalization group: The wound was

closed tightly after the healing abutment was installed.

Immediate treatment after operation included the following: (1)

timing were stochastically chosen (immediate taking CBCT to verify the three-dimensional position of
A B
Straumann®BL

0 1 2 3 4 5 6 7 8 weeks (Straight)
Clinical
evaluation
.. $§ 75 5 ¥ 5 5 3 B | - Straumann® BLT
CBCT (Cornical)
scan

Implant placement RFA RFA RFA RFA RFA RFA RFA CBCT scan,

Immediate restoration RFA Astra OsseoSpeed® TX
Or Healing abutment (Straight with

CBCT scan, RFA

FIGURE 1

(A) Implant stability parameters and data collection time points. (B) Implants with different morphologies used in the study: Straumann® BLT/
Straumann® BL/ASTRA OsseoSpeed® TX. All implants are with a tapered design.

MicroThread neck )
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implant placement; (2) taking 2 g amoxicillin (600 mg
clindamycin for allergic patients) every 8h, and 600 mg
diclofenac sodium twice a day to relieve pain for 7
consecutive days after operation; (3) rinsing with 0.2%
chlorhexidine solution daily for 14 days after surgery to

prevent infection.

Clinical measurements and follow-up

The maximal insertion torque value of each implant was
approximately reported and recorded by the surgery performer.
All RFA measurements were carried out using the Osstell
resonance frequency analyzer (Integration Diagnostics, Sweden),
by connecting directly to the implant. A total of nine ISQ
measurements were taken per implant per time point: three from
buccal, three from mesial, and three from the proximal side.

From the surgery (0 week), resonance frequency analysis
measurements were obtained in the same way at 7, 14, 21, 28,
35, 42, 49, and 56 days (1, 2, 3, 4, 5 ,6, 7, and 8 weeks,
the
stability quotient was measured at the buccal, lingual, and

respectively) following implant placement; implant
proximal sides. At each follow-up evaluation, the healing
abutment was removed and cleaned. The SmartPeg was
inserted into the implant, and the ISQ measurements were
taken. The peg was then removed, and the healing abutment
or provisional restoration was replaced.

At the final examination day (day 56), a second digitized
CBCT examination was taken, prior to implant restoration.
MBL around each implant was assessed using the radiograph
acquisition program by measuring the distances between the
implant platform and the most coronal bone contact with the
implant; implant diameter was used for internal calibration.
This allowed a millimetric assessment of the actual bone loss.
The differences between the baseline CBCT (postoperative)

and the final CBCT were used for data analysis.

Statistical analysis

The statistical analyses performed included Student’s t-test
for independent samples and a one-way ANOVA and Tukey’s
procedure for multiple pairwise comparisons. Mann-Whitney,
Wilcoxon, and Friedman tests were used when nonparametric
alternatives were required. Statistical correlations were
analyzed with Pearson’s coefficient and Spearman’s rank
correlation test.

Multivariate linear regression was used to determine how
much of the variation in each outcome variable was
accounted for by each predictor variable. The categorical
predictor variable (bone type; more than two categories) was
converted into two binary dummy variables, one for each
original predictor variable category. This procedure was
unnecessary for regression analysis with the two binary

independent variables diameter and length. All statistical
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analyses were performed by an experienced dental statistician
using IBM SPSS Statistics v. 22.0 software.

Results

Patients who arrived at the hospital dental clinic seeking
restoration of missing tooth and have the right dimensions of
the implant site in their CT imaging were offered to
participate in the study. A total of 94 patients (46 females, 48
males) received dental implant-supported restoration.
BL

(Straumann® BL group), 15 patients received Straumann® BL

Seventeen patients received Straumann® implants
implants with immediate temporary restoration (Straumann®
BL immediate provisionalization group), 15 patients received
Straumann® BLT implants (Straumann® BLT group), 15
patients received Straumann® BLT implants with immediate
BLT  immediate
provisionalization group), 15 patients received ASTRA
OsseoSpeed® TX (OsseoSpeed® TX group), and 17 patients
received ASTRA OsseoSpeed” TX implants with immediate
(ASTRA® TX

provisionalization group). Most implant placement procedures

temporary  restoration  (Straumann®

temporary restoration immediate
were completed, except for one adverse event [one patient in
the ASTRA TX immediate provisional group presented low
insertion torque value (lower than 20 N ¢cm) and was excluded
from the longitudinal RFA analysis, due to the exclusion
criteria]. Implant stability parameters and data collection time
points are shown in Figure 1A, with the three different
implant morphologies pictured in Figure 1B. All implants
achieved a sufficient insertion torque. Figure 2 exhibited the
whole treatment sequences of one patient in the immediate
provisionalization group, including receiving surgery, doing
RFA measurements, receiving immediate provisionalization,
and final restoration.

The demographic characteristics of the patients were
comparable between groups, and they are presented in
Table 1. Of the 94 implants studied, 47 (50%) were inserted
in women and the remaining 47 (50%) were in men. Patients’
age ranged between 19 and 68 years with a mean of 49 years.

With respect to implants position and numbers (Table 2),
34 (36%) implants were put in the maxilla, while the rest 60
(64%) were inserted in the mandible. Implants put in the site
of central/lateral incisors, canines, premolars, and molars were
5 (5%), 5 (5%), 22 (23%), and 62 (66%), respectively.

RFA measurements—ISQ analysis

On surgery (day 0), according to Table 3, the mean ISQ of
three (immediate provisionalization or
nonimmediate provisionalization) were 78.24/81.65
(Straumann® BL, SD=4.83/4.23), 77.86/81.29 (Straumann®

implant  systems
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FIGURE 2

Clinical images of experimental sequences (immediate provisionalization group). (A) Implant recipient site. (B) An RFA transducer attached to the
implant body to measure I1SQ value. (C) On-site pick-up to make chair side immediate provisionalization. (D—F) Immediate provisionalization
restored. (G-1) Final restoration marked the end of the study period. RFA, resonance frequency analysis; ISQ, implant stability quotient.

TABLE 1 Patient and implant demographic characteristics.

Straumann® Straumann® BL Straumann® Straumann® BLT ASTRA®*  ASTRA OsseoSpeed® TX
BL immediate BLT immediate X immediate
provisionalization provisionalization provisionalization
Patient 9/8 6/9 8/7 7/8 7/8 10/7
gender
(M/F)
Patient 47 + 23 (range: 38 +31 (range: 46 + 22 (range: 46 + 24 (range: 45+ 21 (range: 39 29 (range:
age 19-63) 22-63) 21-68) 22-70) 24-67) 20-68)
(years)

BLT, SD =5.20/6.05), and 79.30/82.48 (ASTRA OsseoSpeed”
TX, SD=5.27/4.87), exhibiting no significant difference. In
general, ISQ of day 56 (secondary ISQ) postop was
higher than the

recorded for days O (primary ISQ). Little variation of ISQ

statistically ~ significantly measurements
values, among the three different-morphology implant groups,
were observed, indicating that ISQ values mainly change

accordingly to healing status (primary and secondary).
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Therefore, conclusions can be reached that under the same
surgical procedure, implant morphologies did not seem to
affect 1SQ value much.

In terms of immediate provisionalization choice, ISQ value
at day 14 exhibited significant difference between the immediate
group the
provisionalization group (mean ISQ values 76.69/79.27, SD =
5.32/4.78), which reminded us that at the early stage (14

provisionalization and nonimmediate
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TABLE 2 Implants position and numbers.
Implant position and numbers
(BL+BLT + TX =94)
Straumann® Straumann® ASTRA
BL BLT OsseoSpeed® TX
Upper/ 14/18 10/20 10/22
lower
Central 0 2 0
incisor
Lateral 1 0 2
incisor
Canine 0 4 1
Premolar 11 4 7
Molar 20 20 22

TABLE 3 Mean and SDs of three implant systems in terms of maximum
insertion torque and RFA (p <0.05, one-way ANOVA).

Implant n Mean SD Significance
System (p)
RFA (ISQ) Straumann® BL 32 7824  4.83 0.511
(immediately Straumann® 30 7786 520
postop) BLT
ASTRA 32 79.30 527
OsseoSpeed®
X
RFA (ISQ) (56 Straumann® BL 32 81.65 423 0.638
days postop) Straumann® 30  81.29 6.05
BLT
ASTRA 32 82.48 4.87
OsseoSpeed®
X

SD, standard deviation; RFA, resonance frequency analysis; ISQ, implant
stability quotient.

postop), a more careful attitude should be taken facing implants
with immediate provisionalization. Unnecessary operation should
be avoided at the first 2-3 weeks after implantation (Table 4).
During the whole healing period, the RFA values fluctuated
and showed an overall trend of declining first and then rising
later. It was worth noting that, at the time point of 7, 14, and
28 days (1, 2, and 3 weeks after implantation, respectively), ISQ
values fell to the bottom of the whole period, though without
statistical significance (Figure 3). An interesting finding was
that all three implant groups showed a similar pattern of
stability change over time; there was a drop in ISQ among the
first 1-3 weeks, and then, the ISQ gradually increased back
until reaching the top at the end of the study (day 56, week 8).
/the Straumann® BLT group exhibited the earliest bottom ISQ
time point at week 1, while the other five groups varied little,
indicating us that during 1-3 weeks, implants should be
handled with extra caution.

In order to cast light on the variation of ISQ values at the
first and last time points, the Pearson correlation coefficient
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TABLE 4 Mean and SD of immediate provisionalization group and
nonimmediate provisionalization group in terms of maximum
insertion torque and RFA (p <0.05, Student’s t-test for independent
samples).

Immediate n Mean SD Significance
provisionalization (p)
RFA Yes 47 76.69 5.31 0.047
(I1SQ) No 47 7927 478
(14 days
postop)
RFA Yes 47 81.01 4.80 0.124
(I15Q) No 47 8262 522
(56 days
postop)

SD, standard deviation; RFA, resonance frequency analysis; ISQ, implant
stability quotient.

(PCC) was analyzed. However, results showed that the two
in (different
provisionalization

factors that we were interested implant

morphologies and immediate choice)
exhibited minor influence on the ISQ values at days 0 and 56
(Tables 5, 6). Intuitive differences between groups are shown

in Figures 4A,B.

Radiographic measurements—MBL
analysis

The average radiographic MBL was measured at the final
CBCT taken on day 56 compared with day 0; the mean bone
loss for the Straumann® BL/Straumann® BLT/ASTRA
OsseoSpeed® TX group was 0.08/0.19/0.16 mm (SD =0.26/
0.24/0.16). There was no statistical significance (p=0.1114)
among the different implant design groups, from which we
could speculate that implant morphologies did not affect MBL
(Table 7). As
nonimmediate provisional groups, average MBL was 0.16/
0.12 mm (SD =0.18/0.27). MBL amount was slightly higher in
(Table 8), still
without statistical significance (p =0.459). Intuitive differences

much for immediate provisional and

the immediate provisionalization group

between groups are shown in Figure 4C.

Discussion

Nowadays, congenital craniofacial deformities, causing bone
defects, misalignment, and soft tissue asymmetry, often lead to
severe defects of related soft and hard tissues, which cause
serious obstacles to patients’ speech, swallowing, chewing,
breathing, and other functions, and severely affect patients’
physiology and psychology. Commonly used methods for
craniofacial defect repair include prosthesis repair, bone graft
repair, and individualized implant repair, among which the
dental-supported prosthesis repair has been widely used, while
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FIGURE 3
Mean ISQ values of each time point during examination period, lowest implant stability quotient (ISQ) points marked by red triangles. (A-F) All six
groups of different implant morphologies and immediate provisionalization options.

its postoperative functional recovery is proved to be more than
with  different
structural designs have been gradually applied in clinical

acceptable. Implant-supported prostheses
practice.

Implant stability is considered one of the most essential
factors that affect the long-term survival rate. In this study,
ISQ values and trend of change were similar to previous
clinical reports (18, 19). Thickness of the cortical bone,
cortical-and-cancellous ratios, implant morphologies, and
immediate/late provisionalization options all proved to play a
role in regulating implant stability (20). The changing trend
of ISQ values were mainly reported to have a bottom period
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around week 2-4 after implant insertion, which were quite
similar to the results in this study (week 1-3) (4).

As for different implant morphologies, previous studies
that both had
approximately the same lowest ISQ values period, which was
around 1-3 weeks after surgery. In our study, the same results

proved straight and conical implants

were reached by parameter analysis. Rotation force should not
be applied onto the implants, or unexpected situation might
happen. With respect to three implant morphologies (straight/
conical/straight with a microthread neck), the bottom point of
ISQ value curve came 1 week later (2-3 weeks) in the group
of straight and straight with microthread neck implants, while
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TABLE 5 Mean of the RFA immediately after insertion and after 3
months and the PCC (r).

Implant n  Mean RFA (ISQ) Mean RFA PCC
system (immediately (1sQ) 3 (r)

postop) months

postop)

Total 94 78.48 81.82 0.524
Straumann® BL 32 78.24 81.65 0.639
Straumann® 30 77.86 81.29 0.520
BLT
ASTRA 32 79.30 82.48 0.432
OsseoSpeed®
X

PCC, Pearson correlation coefficient; RFA, resonance frequency analysis; ISQ,
implant stability quotient.

TABLE 6 Mean and the PCC (r) of the RFA of immediate
provisionalization group and nonimmediate provisionalization group.

Immediate N Mean RFA Mean PCC
provisionalization (IsQ) RFA (r)
(immediately (ISQ) (3
postop) months
postop)
Total 94 78.48 81.82 0.524
Yes 47 77.69 81.01 0.421
No 47 79.27 82.62 0.610

PCC, Pearson correlation coefficient; RFA, resonance frequency analysis; ISQ,
implant stability quotient.

the conical implant groups had their dip point 1 week earlier
(1-2 weeks). This characteristic difference can be owned
mainly to the conical shape and narrowed root diameter and,
probably, the unique surface modification (21-23).

In recent decades, on behalf of higher esthetic requirements
in chair-side restoration techniques,

and improvements

immediate provisionalization, from single-tooth implant

restorations and full-arch restorations, have gained intense
attention and popularity (24). Studies have been made to

10.3389/fsurg.2022.1095741

investigate different patterns of osseointegration in the
immediate and nonimmediate provisionalization group, which
mainly laid in the pattern of dynamic or static interfacial
activities (25). Implant stability has long been identified as a
prerequisite for osseointegration (26). Therefore, losing
stability would be disastrous for restoration effect, leading to
early failure and unsatisfied doctor-patient relationship. As
one of the most important prerequisites in immediate
provisionalization, achieving high primary implant stability
among groups should not be neglected.

As for the influence of the immediate provisionalization on
the ISQ values, it still remained unclear (27, 28). From our
findings in this study, in the straight implant groups
(Straumann BL and ASTRA TX, with or without immediate
provisionalization), ISQ value dip points intended to occur 1
week earlier among the immediate provisionalization group,
indicating that the most hazard period of implant survival
had been brought 1 week forward by the immediate
provisionalization process. However, things turned out slightly
different among the conical implant groups (Straumann BLT,
with or without immediate provisionalization). The dip points
of ISQ values tended to delay approximately 1 week in the
immediate provisionalization group. So far, there have been
no literature studies focusing on the influence of immediate
provisionalization on the change of ISQ values. We boldly
speculated from our previous results that the immediate
provisionalization process played a crucial role in affecting the
change, while the dip points of ISQ moving beforehand or
afterward were majorly decided by the morphology of
implants. The stability of straight or columnized implants
with immediate provisionalization was achieved 1 week later.
Nevertheless, it seemed that the stability of conical implants
with immediate provisionalization was obtained 1 week earlier
than the group without immediate provisionalization. To
conclude, it could enlighten implant practitioners that when
using conical implants, immediate
provisionalization should be a way to obtain acceptable ISQ
values earlier than usual, even though the mechanism behind

designing

this remained undiscovered.

(A,B) ISQ measurements at immediately post-surgery (day 0) and before final restoration (day 56) in the six groups. Boxes denote quartile range of
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measurements. (C) Mean MBL values of the six groups (whiskers—95% confidence intervals). MBL, marginal bone loss.
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TABLE 7 Mean and SD of three implant systems in terms of MBL (p <
0.05, one-way ANOVA).

Implant system N Mean SD Significance (p)
MBL  Straumann® BL 32 0.08 0.26 0.114
Straumann® BLT 30 0.19 0.24
ASTRA OsseoSpeed® TX 32 0.16 0.16

SD, standard deviation; MBL, marginal bone loss.

TABLE 8 Mean and SD of immediate provisionalization group and
nonimmediate provisionalization group in terms of MBL (p<0.05,
Student’s t-test for independent samples).

Immediate N Mean SD Significance
provisionalization (p)
MBL  Yes 47 016 018 0.459
No 47 012 027

SD, standard deviation; MBL, marginal bone loss.

Marginal bone loss has been proved to be associated with
loads of factors (25, 29). According to Simmons et al,
surgical techniques, insertion torques, provisionalization
options, and implant designs all contribute to the variation
(19). In this study, factors such as surgical procedures and
insertion torques had already been constricted; implant
morphologies and provisionalization options were the
major influencers (30). The amount of marginal bone loss
for implants with three different morphologies all fell
within the acceptable range. We observed the highest MBL
in conical implants (0.19 mm) after 9 weeks, and then came
the straight implants (0.16 and 0.08 mm). However, there
were no statistically significant differences between these
groups. This indistinctive difference in MBL could possibly
be owned to the unique structure of conical implants,
whose necks were supposed to yield more compressive
force than the straight ones (31, 32), and then accelerating
bone loss around implant marginal areas. This conclusion
also clicked with findings published by Atieh et al. that
parallel-walled dental implants appeared to slow down
marginal bone loss (33).

This study proved that the difference of ISQ values and
MBL among implant groups with differed morphologies is
minor. Ensuring the premise of implantation torque,
straight implants (with or without microthread neck

design), and conical implants were all suitable for
immediate provisionalization with a relatively high success
rate. However, during the dip periods of ISQ values, which
varied among groups, more care should be taken into our
treatment procedure. Limitation of this study was that
longer term of observation should be performed. Further
studies are required to make certain the mechanism behind
the different ISQ trend of dental implants with varied

morphologies.
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Purpose: The study aims to compare the velopharyngeal morphology of hard
and soft cleft palate (HSCP) patients after Furlow and Sommerlad palatoplasty.
Patients and methods: A total of 51 patients (20 cases in Furlow palatoplasty
group, 16 cases in Sommerlad palatoplasty group and 15 normal children in
the control group) were included in our study. Velopharyngeal function and
speech outcomes of patients with HSCP who had either Furlow palatoplasty
or Sommerlad palatoplasty for cleft palate repair were evaluated by
perceptual speech assessment (PSA), lateral cephalometric radiographs and
nasopharyngoscopy. To assess velopharyngeal morphology of patients
treated with two techqgiques, we analyzed measurements such as velar
length, pharyngeal depth, and the Adequate ratio (the ratio of velar length to
pharyngeal depth). Furthermore, skeletal landmarks including cranial base,
cervical vertebrae, posterior nasal spine which were defined as the
pharyngeal triangle were measured. Finally, the position of the point U
relative to the pharyngeal triangle were compared.

Results: Velopharyngeal closure (VPC) rate in Furlow palatoplasty group
accounted for 90%, while that in Sommerlad palatoplasty group was 81.3%.
PSA of the former group was significantly better than that of the latter group
(P<0.05). Velar length, pharyngeal depth and the Adequate ratio (1.37 + 0.14
vs. 141+ 0.15) were comparable between the Furlow group and control
group (P>0.05), while Sommerlad group had a shorter velar length, deeper
pharyngeal depth and a smaller Adequate ratio (1.20 + 0.18) compared to the
above two groups (P<0.05). Furhermore, the point U of Sommerlad group
in the pharyngeal triangle was higher than that of the other two groups.
Conclusions: In the treatment modality of patients with HSCP, both Furlow
palatoplasty and Sommerlad palatoplasty seem to be effective. Furlow
palatoplasty appears to have velopharyngeal morphology similar to normal
control group., while Sommerlad group shows a shorter velar length, deeper
pharyngeal depth and a smaller Adequate ratio
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Introduction

Cleft palate is the most common congenital developmental
deformity of the maxillofacial region, the incidence of it lies on
top of congenital birth defect diseases (1-3). It exerts a serious
socio-economic and psychosocial burden on patients and their
families (4-6). Currently, surgical intervention has still
emerged as the first treatment choice. Although various
techniques have been described for cleft palate repair,
however, there is no consensus on the ideal palatal repair
technique applicable to all cleft palate types (7-10). The
primary goal of cleft palate repair is the achievement of
optimal speech outcomes (11, 12). To accomplish this goal,
anatomical separation between the oral and nasal cavities and
restoration of the muscular sling in the soft palate is pivotal
(13). Furlow palatoplasty proposed by Furlow in 1986, and
Sommerlad palatoplasty described by Sommerlad in 2002
were currently two popular methods to achieve VPC and
yield intelligible speech by means of anatomical
reconstruction of the levator palatine muscle (14, 15).
Whereas the way restoring abnormally attached muscles was
different. The former was by means of dissection and
reposition of the levator veli palatini, while the latter was
achieved with the help of the double-opposing Z-plasty.
Previously, several studies had evaluated the clinical outcomes
of these two surgical procedures (16-20). Khosla et al
reported Furlow Z-plasty yielded excellent speech results for
primary cleft palate repair, and the rate of VPC reached 84%
(16). According to Wang et al., 80% patients with Sommerlad
palatoplasty had no evidence of velopharyngeal insufficiency
(18). In addition, Li et al. compared the incidence of
postoperative fistula formation of the above two techniques
and found that the fistula rate of Furlow palatoplasty is lower
than that of Sommerlad palatoplasty (19). However, few
research have been conducted to compare the velopharyngeal
morphology between Furlow and Sommerlad techniques. If
any, they were assessed only using subjective evaluation
methods (18). Thus, the current study aims to compare
velopharyngeal morphology and speech outcomes using
subjective and objective parameters after cleft palate repair
with Furlow or Sommerlad palatoplasty, to provide clinical
evidence for a better choice of surgical methods to reconstruct
a functional velopharyngeal unit and restore optimal speech
in patients with HSCP.

Materials and methods
Subjects

Medical records of patients with HSCP who underwent
primary cleft palate repair in Nanjing Stomatological Hospital,
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Medical School of Nanjing University between 2012 and 2018
were reviewed retrospectively. All patients enrolled in the
study met the following inclusion criteria: patients with
HSCP; non-syndromic patients; and primary cleft palate
repair using Furlow or Sommerlad palatoplasty. Patients were
excluded for syndromic diseases, and for a history of delayed
language development and dysacusia.

This study was approved by the Ethics Committee, Nanjing
Stomatological Hospital, Medical School of Nanjing University.

Patients with HSCP underwent surgical repair by Furlow or
Sommerlad palatoplasty. Their ages performing surgical
procedures ranged from 9 months to 12 months. The mean
age at follow-up was similar between groups. Patients were
randomly assigned to Furlow palatoplasty group (n=20, 9
males and 11females) and Sommerlad palatoplasty group (n =
16, 7 males and 9 females). Surgical procedures were
performed by two senior surgeons, respectively (14, 15).
Fifteen healthy children (good articulation, no hearing
handicap, no «cleft lip or cleft palate, no congenital
maxillofacial developmental malformations, no orthodontic
treatment history) were selected as the control group. Details
were provided in Table 1.

Perceptual speech assessment

Speech evaluation was evaluated by two experienced speech
pathologists using a speech articulation test table (21). Patients
were asked to read a standard list of 63 phrases that cover all
phonemes and most common phonetic combinations in
Mandarin Chinese, and 20 short sentences containing voiced
and unvoiced pressure consonants, no-pressure consonants,
and a mixture of nasal consonants. The next part of the test
was a casual conversation between the participants and the
intelligibility,
hypernasality and nasal emission were measured. These

speech  pathologist, in  which  speech
parameters were evaluated following the scoring guidelines
and definitions of the CAPS-A protocol (22). Intelligibility
and hypernasality were evaluated using a five-point scale,
whereas for the evaluation of nasal emission a three-point
scale was used. Interrater and intrarater reliabilities were
investigated using weighted kappa statistics to assess observer
variability. Each speech language pathologist rated speech after

TABLE 1 Age and gender distribution of the subjects.

Surgical age (month)

n Mean Range Male  Female
T1 group 20 10.5 months 9-12 months 9 11
T2 group 16 11 months 9-12 months 7 9

T1 group, furlow palatoplasty; T2 group, sommerlad palatoplasty.
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listening to 20 recorded speech samples and the ratings were
compared to determine agreement between the two raters. The
ratings were made twice with an interval of one week by each
rater and two ratings by the same rater were compared.

Nasoendoscopy

Nasoendoscopy was performed for patients diagnosed with
hypernasality or nasal emission that were cooperative, usually
over the age of 4 years. Nasoendoscopy was used to observe
the motility of the velum and posterior pharyngeal wall and
lateral pharyngeal wall of patients with VPL. The results were
diagnosed as VPC and VPL

Lateral cephalometric assessments

Set points (Figure 1): ANS, anterior nasal spine; PNS,
posterior nasal spine; PPW, posterior pharyngeal wall; N,
nasion; S, center of the sella turcica; PCB, pterygoid cranial
base; AA, atlas; U, uvula, tip of the uvula when at rest.

Measurement methods: To eliminate the interference of age
and sex among the 3 groups, all craniopharyngeal dimensions
were standardized according to the anterior cranial base
length (S-N) with a given value of 100 (S-N revision).
Measurements derived from tracing of lateral cephalograms by
drawing the sella nasion (S-N) plane as the x-axis and
projecting a perpendicular line to this plane through the point

FIGURE 1

Cephalometric landmarks and velopharyngeal measures. ANS,
anterior nasal spine; PNS, posterior nasal spine; PPW, posterior
pharyngeal wall; N, nasion; S, center of the sella turcica; PCB,
pterygoid cranial base; AA, atlas; U, uvula, tip of the uvula when at
rest.
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S as the y-axis. The length of the velar PNS-U, the depth of
the nasopharynx PNS-PPW and the length of the hard palate
ANS-PNX (Figure 1) were measured, and the adequate ratio
(velar length to pharyngeal depth ratio) was calculated. For
the three groups, ANS, PNS, PCB, AA, U, PPW were marked
in the coordinates according to their (x, y) values. To facilitate
the comparison of velopharyngeal morphology among the 3
groups, the triangle connecting PNS, PCB, and AA was
defined as the Each
measurement was performed twice by the first author, and the

pharyngeal triangle (Figure 2).

mean value was recorded.

Statistical analysis

The Wilcoxon rank sum test was used to compare the
speech outcomes. The results of cephalometric measurements
of the three groups were subscribed to one-way ANOVA
using IBM SPSS (version 26.0). Differences with P <0.05 were
considered statistically significant.

Results
Speech outcomes

The kappa values for interrater reliability were 0.67, and for
intrarater reliability were 0.72 and 0.68, indicating substantial
agreement. The results of PSA were shown in Table 3. The
speech intelligibility in Furlow group was significantly better
than that in Sommerlad palatoplasty (P=0.023). Furlow
palatoplasty’s hypernasality improved better than Sommerlad
palatoplasty (P =0.009). Postoperative nasal emissions differed
significantly between the two groups (P =0.016) (Table 2).

Nasoendoscopy

3 patients of T1 group and 4 patients of T2 group were
recommended to perform nasoendoscopy. There were 2(20)
and 3(16) patients who were diagnosed with having VPI,
respectively. Eventually, the rate of VPC in T1 group (90%)
was higher than that in T2 group (81.3%).

Lateral cephalogram evaluation

The interclass correlation coefficient results for the test-
retest reliability ranged between 0.72 and 0.83 (P<0.05),
suggesting dependable reliability and reproducibility of the
adopted measuring strategy. The results of cephalometric
measurements for the velopharyngeal structure of the three
groups were presented in Table 3. There was no significant
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FIGURE 2
Velopharyngeal morphology of three groups. ANS, anterior nasal spine; PNS, posterior nasal spine; PPW, posterior pharyngeal wall; N, nasion; S,
center of the sella turcica; PCB, pterygoid cranial base; AA, atlas; U, uvula, tip of the uvula when at rest.

TABLE 2 Comparative analysis of speech intelligibility, hypernasality
and nasal emission in furlow and sommerlad palatoplasty groups.

T1 group T2 group p
(n=20) (n=16)
Speech intelligibility
0: normal 13 4 0.023
1: different, not enough to cause 4 6
comment
2: different enough to cause 1 3
comment, but intelligible t
3: just intelligible to strangers 2 2
4: impossible to understand 0 1
Hypernasality
0: absent 14 4 0.009
1: borderline 3 6
2: mild 2 2
3: moderate 1 3
4: severe 0 1
Nasal emission
0: absent 14 5 0.016
1: occasionally heard 5 7
2: Nasal emission 1 4

T1 group, furlow palatoplasty; T2 group, sommerlad palatoplasty.

difference in the coordinates of points PNS, PCB, and AA on
either axis among the 3 groups (P>0.05). The velar length
and Adequate ratio of T1 group was similar to that of the
normal group (P>0.05). The velopharyngeal structure was
also similar to that of the control group. The velopharyngeal
depths of the three groups were similar (P>0.05). Velar
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TABLE 3 Comparison of cephalometric landmarks among three

groups.
Item T1 Group T2 Group Control
ANS (x) 53.6+2.7 529+42 57.2+3.7
) 43.6+43 484+43 43.7+45
PNS (x) 148 £3.1 11.8+43 15.6+3.9
) 385436 393+43 379436
PCB (x) —4.6+0.4 —4.8+0.8 —=51+0.8
) 16.0+2.1 21.3+32 17.2+2.6
PPW (x) —4.0%2.6 —6.5+3.4 —4.3+4.0
) 359+3.6 348+79 34750
AA (x) —16.8 +4.1 —182+48 —159+5.9
) 395+5.0 383+4.6 38.0+57
U (%) —-82+3.6 —7.6+3.2 —8.5+4.5
) 553+5.5 51.1+6.1 53.7+58
Velar length/mm 282+32 25.0+3.8 292+3.6
Pharyngeal depth/mm 204+2.5 21.1+3.6 20.7+3.3
Adequate ratio 1.37+£0.14 1.20+0.18 1.41+£0.15

T1 group, furlow palatoplasty; T2 group, sommerlad palatoplasty.

ANS, anterior nasal spine; PNS, posterior nasal spine; PPW, posterior
pharyngeal wall; N, nasion; S, center of the sella turcica; PCB, pterygoid
cranial base; AA, atlas; U, uvula, tip of the uvula when at rest.

length and adequate ratio were significantly smaller in T2
group than in the other two groups (P <0.05). Adequate ratio
averaged more than 1.3 in T1 group and control group. The
point U of T2 group in the pharyngeal triangle was above
that of the other two groups. The coordinate of point ANS on
the x-axis in the T1 and T2 group was inferior to that in the
control group (P <0.05).
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Discussion

The main objective of cleft palate repair is to reconstruct

proper  velopharyngeal function for normal speech

(19),  which of
anatomically well-integrated dynamic and functional soft

intelligibility requires restoration an
palate. Furlow and Sommerlad methods are two well-
established methods to optimize velopharyngeal function by
restoring the velar muscular sling (14, 15). Numerous studies
applied these two techniques to cleft repair and evaluated the
postoperative outcomes respectively. However, limited studies
performed a definitive comparison of velopharyngeal
morphology between them. Herein, the comparisons were
made between the two techniques in several methods,
revealing that better speech outcome was produced in Furlow
palatoplasty as opposed to Sommerlad palatoplasty.

VPC is the premise to yield adequate speech intelligibility. It
was reported that 5% to 30% of patients have unsatisfactory
speech outcomes and require secondary treatment because of
velopharyngeal insufficiency (VPI) after primary palatoplasty
(23-34), which may be related to several risk factors,
including short velar length, insufficient velopharyngeal
motility and deep palatopharyngeal cavity (26). Consistent
with previous studies, our data suggested that the VPC rate
90% 81.3% in

Sommerlad palatoplasty group. Furthermore, poorer speech

was in Furlow palatoplasty group vs.
intelligibility, higher hypernasality and nasal emissions were
displayed in our study. This difference between these two
methods is possibly due to the surgical characteristics that
exert influence on the outcome of the operation. Both the
Sommerlad and Furlow techniques repositioned the displaced
levator veli palatini, contributing to develop a functional
velum. Sommerlad palatoplasty focused more on anatomical
reconstruction of the abnormal levater veli palatine and
enhancement of muscular function, while the extension of the
soft palate length is limited, which influences the outcome of
palatopharynx closure. Nevertheless, Furlow palatoplasty not
only restored the velar muscular sling to proper orientation
but also elongated the velar length reducing the risk of
longitudinal scar contracture. Consequently, the Furlow repair
has a stronger ability to extend the soft palate length than
sommerlad palatoplasty (18). After 289 patients with cleft
palate repaired by Furlow palatoplasty, Chorney et al. (27)
found only 5% of the patients needed secondary surgery as a
result of VPI. And Wang et al. reported the length of soft
10.10%
Sommerlad palatoplasty, respectively (18). In line with these

palate increased by 13.23%, after Furlow and
results, lateral cephalogram evaluation revealed a significantly
increased soft palate length and higher adequate ratio after
Furlow palatoplasty compared with Sommerlad palatoplasty,
while there were no significantly differences in velopharyngeal
depth between them.
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Vlopharyngeal function assessment in previous studies
depended largely on perceptual examination (8, 28, 29), which
existed with the defect of significant heterogeneity and
prevented comparison of results from different centers.
Several methods have been developed to assess and describe
velopharyngeal function and speech outcome, including
electromyogram and nasopharyngeal endoscopy, but none of
the existing methods can assess all indexes independently
(30-34). To ensure a more reliable and accurate evaluation of
velopharyngeal function and speech results in cleft patients,
various evaluation methods were applied simultaneously in
our study. Apart from perceptual assessment, 2-dimensional
cephalometric studies provide a static evaluation of the
velopharynx, while nasopharyngeal endoscopy can record and
immediately replay velopharyngeal closure. Nasoendoscopy
played a critical role in determining VPI, especially marginal
VPI, which perceptual speech evaluation was in doubt.
Therefore, jointly applying these methods can provide
compelling data that can be made through comparison and
analysis between different centers.

Of course, this present study exists certain limitations that
should be acknowledged.

A notable shortcoming of our research is the insufficient
sample size. Further data collection is required. Besides the
surgical technique, for the lack of standardization of variables
such as cleft width and hard palate repair technique, further
analyses based on the above variables will be conducted in
future research. The present study revealed that Sommerlad
technique yielded worse velopharyngeal function and speech
outcomes compared to Furlow technique. For HSCP patients,
relative to Sommerlad palatoplasty, Furlow palatoplasty may
be a more suitable surgical option. Of note, the opposing Z-
plasty sacrificed velar width to gain length, which is not
applicable to all types of clefts, particularly wide clefts due to
excessive tension.

Conclusion

Furlow technique was proven to be superior compared to
Sommerlad palatoplasty in terms of velopharyngeal function
and morphology following primary cleft palate repair, which
showed better speech intelligibility, higher VPC rate, longer
velar length, shorter pharyngeal depth and a bigger Adequate
ratio. Based on the above results, the Furlow palatoplasty
should be preferred for patients with HSCP.
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Surgical correction is the optimal way of repairing a congenital cleft lip. Patients
with this condition often undergo initial surgical treatment at an early age and
achieve an acceptable outcome. However, their levels of satisfaction will
decrease in later stages of life as facial growth and development will inevitably
cause changes in long-term outcomes, especially in the nasolabial region.
Therefore, it is important for surgeons to understand nasolabial development
after primary treatment and tailor their surgical techniques appropriately. This
review focuses on the growth patterns of the nasolabial region after primary
repair, so as to provide references for operative strategy.
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1. Introduction

Cleft lips (CLs) are the most common congenital deformities affecting the orofacial
region; patients with CLs usually have significant orofacial deformities (1-3). Moreover,
patients with a unilateral cleft lip and palate (UCLP) were detected with a more
pronounced asymmetry than those with a bilateral cleft lip and palate (BCLP) (4).
Significant differences between the cleft and the non-cleft sides existed only around the
cleft but not in the broader regions of the maxillary complex (5). Therefore, the main
orofacial deformities are manifested in soft tissue covering the nasolabial region (6), for
example, a deviation of the columella toward the non-cleft side, widening of the nasal sill,
displacement of the alar base, and flattening of the lower lateral cartilage (LLC) (7).

Deformities in soft tissue can be easily corrected compared with those in hard tissue (8).
In order to improve the soft tissue profile, some researchers proposed that there was a close
relationship among muscles in the nasolabial region, histologically and biomechanically, and
the deformities of the cleft lip were the result of the joint actions of these muscles, which
were caused by the uneven distribution of the nasolabial muscles (9-11).

Due to facial development and growth, the nasolabial morphology changes, eventually
leading to significant residual asymmetry. Therefore, the main challenge in cleft lip
primary reconstruction is to restore normal nasolabial morphology by taking into account
various perspectives, with consideration given to the anticipated changes that occur over
time (12). This places a great deal of responsibility on surgeons to accurately assess the
anatomic deformity along with anticipated fourth-dimensional changes and improve and
adjust their surgical strategy so as to optimize long-term postoperative outcomes (13, 14).

This review summarizes the growth patterns of the nasolabial region following unilateral
cleft lip primary repair, in order to provide a reference for the surgical refinement of primary
repair of CL so as to minimize facial asymmetry and guide secondary corrective surgery.
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2. Landmarks and measurements of
the nasolabial region

Some facial anatomical landmarks were used to quantitatively
assess nasolabial growth patterns, such as crista philtri (cphi),
cheilon (ch), subnasale (sn), alare (al), and subalare (sbal) (15).
Labial width (cphi-ch), heminasal width (sn-al), medial-oblique
labial height (sn-cphi), lateral-oblique labial height (sbal-cphi),
and nasal sill width (sn-sbal) are the most globally and widely
used evaluation indices, and these were used in this study (16)
(Figure 1). In addition, nasal tip angle, columellar angle,
columellar-labial angle, columellar height, and dome height were
used as evaluation parameters (17).

3. Lip
3.1. Labial width

Primary repair leads to significant improvements in the
morphology of the upper lip and nose (18). In order to study the
labial growth changes in UCLP patients, Ayoub et al. analyzed
the changes in crista philtri in 21 patients with unilateral CL
who underwent primary repair at the age of 3 months. At 3
years postoperatively, the crista philtri on both the cleft and the
non-cleft sides was displaced laterally and posteriorly, and
philtrum width (cphi-cphi’) and labial width (cphi-ch) increased
significantly (19).

Mulliken and Labrie further measured and analyzed the labial
width of 99 UCLP patients repaired by modified rotation
advancement. The average labial width of the cleft side was
about 8.36% shorter than that of the non-cleft side, but at a
follow-up at 6 years of age, the gap was reduced to only 2.80%,
which implied an asymmetrical growth pattern (16). Knight et al.
re-evaluated a number of patients and extended the observation
period, providing more details about the rate of change (20).
They divided the follow-up periods into two phases: the first
included all 99 patients from the operational age to an average
age of 6.6 and the second involved a subset of 50 patients at an
average age ranging from 6.6 to 11.5. They disclosed that
immediately upon operation, the average labial width of the cleft
side became 9.15% shorter than that of the non-cleft side, but
the gap was narrowed to 4.39% and 2.75%, respectively, during
the subsequent two follow-ups (20). Obviously, the labial width
of the «cleft side and the
disproportionately, with a greater increase in the width of the

non-cleft side increased
cleft side during the growth phase. As time passed by, the gap in
the labial width between the two sides gradually narrowed, and
the labial width on the cleft side was closer to that on the non-
cleft side.

The discordance in labial width will affect the sagittal and
vertical positions of the philtrum, resulting in philtrum
inclination to the cleft side after primary repair (16, 19). In
patients with UCLP, the labial width on the non-cleft side
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increased at a slower pace than that on the cleft side, and the
crista philtri on the cleft side will drift medially during the
subsequent growth phase, gradually approaching the
position that is almost symmetrical with that on the non-cleft
side. Then, the philtrum on the cleft side will also rotate
from the lateral inclination to the vertical direction (16, 20)

(Table 1).

3.2. Labial height

Comparing the distance from the labialis superioris (the
most prominent upper midline point of the vermilion border
of the upper lip) to the subnasale with the labial height,
Ayoub et al. found that there was no difference in the labial
height between the operated CL patients and the non-cleft
children at 3 years of life (19). This finding necessitated that
labial height should be described in terms of two parameters,
medial-oblique height (sn-cphi) and lateral-oblique height
(sbal-cphi) (20).

Mulliken et al. disclosed that immediately after repair, the
medial-oblique height on the cleft side became slightly longer
and the lateral-oblique height became shorter, but 6 years later,
the medial-oblique height eventually matched that on the non-
cleft side, while the lateral-oblique height remained shorter.
Thus, it could be speculated that the growth rate of the medial-
oblique height on the cleft side was slower than that on the
non-cleft side, whereas the growth rate of the lateral-oblique
height was consistent on both sides (16). As evidenced by
Knight et al., in the first phase (6.6 years), the medial-oblique
height on the cleft side increased at a slower rate (5.2%) than
that on the non-cleft side. In the second phase (11.5 years), the
cleft and noncleft sides saw an almost equivalent growth at a
rate of 3.53% and 3.02%, respectively. Specifically, the medial-
oblique height on the cleft side was 7.14% longer than on the
non-cleft side immediately upon operation, 2.08% longer at 6.6
years, and 2.61% longer at 11.5 years. The medial-oblique height
on the cleft side increased at a slower pace initially but
proportionately with the non-cleft side later on, finally
increasing faster. As for the lateral-oblique height (sbal-cphi), it
was on average 3.66% shorter on the cleft side than that on the
non-cleft side immediately upon operation and remained
significantly shorter on the cleft side by 3.12% at the age of 6.6
and by 2.47% at the age of 11.5 (20). There was no significant
difference in the growth rate of the lateral-oblique height
between the cleft side and the non-cleft side. In other words,
the height of both sides increased equally all through the two
follow-up periods.

Based on the above, and together with the rapid growth of the
transverse labial width on the cleft side, it is meaningful to mark
the lateral crista philtri on the cleft side closer to the commissure
to ensure the restoration of the labial height on the non-cleft side
(16) (Table 1). Generally, current methods of primary repair are
able to restore labial height, labial width, and labial symmetry
effectively.
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FIGURE 1

A patient with UCLP (right side) who underwent primary repair at 3 months of age showing the landmarks of anthropometric measurements. sn, the
midpoint of the columellar base at which the lower border of the dorsal septum and the surface of the cutaneous upper lip meet; al, the most lateral
point on each alar contour; al, the dimension sn—al measured at sn—al" along the perpendicular to the horizontal line through sbal; sbal, the medial
point at the inferior limit of each alar base that is tangential to the cutaneous upper lip; cphi, the point on each elevated margin of the philtrum
immediately above the vermilion line; ch, the point located at each labial commissure; sn—al, heminasal width; sn—cphi and sbal-cphi, labial height;
cphi-ch, labial width; sn—sbal, nasal sill width . UCLP, unilateral cleft lip and palate.

4. Nose
4.1. Alar base

According to the anthropometric principle of Farkas, the
malposition of the alare base has always been represented by the
subalare (15, 27, 28). Traditional perspectives revealed that for a
unilateral cleft lip, lateral and inferior deviation of the cleft alar
base led to deformities. However, Tse et al. disputed this and
certified upon a 3D image analysis that subalares on both sides
were displaced, and compared with the cleft side, the non-cleft
side alar base located more laterally to the facial midline. Surgical
corrections involved an anterior rather than a horizontal
movement of the subalare on the cleft side and an unexpected
medial movement of the subalare on the non-cleft side
considering that no dissection or suture was performed in that
site (22) (Table 1). The position of the subalare on the cleft side
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in the sagittal direction was almost symmetrical to the non-cleft
side immediately upon operation (16, 29, 30).

Three years after operation, the alar bases on the cleft side and
the non-cleft side remained basically symmetrical, both drifting
laterally and posteriorly but maintaining the vertical position (21).
Even so, the nostril width (sbal-sbal’) on both sides was
significantly lower than that preoperatively (31) (Table 1). In the
following age of 8-10 years, the width between the alare (al-al’),
the width between the subalare (sbal-sbal’), and the ratio of the
width of the subalare to the labial width (Sbal-Sbal’/Cphi-Ch)
were significantly higher than those in the non-cleft population
(20, 24). At the age of 10, the subalare of the cleft side in patients
with a cleft palate drifted significantly more laterally than in the
cleft lip-only group and normal control group (23, 32). However,
the symmetrical results of repair, including retrusion of the alar
base, were consistent over time and were unrelated to the fact
whether alveolar cleft bone grafting was performed or not (22).
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The subalare on the cleft side will continuously drift laterally
from the postoperative period to adulthood (16, 23, 33) (Table 1).
Therefore, it should be overcorrected medially and fixed on the
nasal muscle or periosteum during primary repair (13, 16).

4.2. Nostril

Nostril height and nostril width were the most common
parameters used to evaluate the changes in nostril morphology.
The asymmetry of the nose improved immediately
postoperatively, and there was a reduction of the total nostril
width postoperatively compared with the preoperative period
(31). The nostril height ratio significantly increased 4 years after
McComb primary rhinoplasty (0.89 vs. 0.58), while there was no
significant increase in nostril width (34). Chang et al. on one
occasion measured and analyzed the photographs of 76 patients
with CLP who were approximately 5 years old. He found that
patients who underwent primary rhinoplasty (overcorrection)
during CL primary repair showed the best postoperative results:
the nostril height ratio 5 years postoperatively was significantly
higher than that in those who did not undergo primary
rhinoplasty (0.95 vs. 0.77), and the nostril width ratio was lower
(1.21 vs. 1.36) although without any statistical significance (25)
(Table 1). At 18-25 years of age, clinical differences still existed
in the nasolabial region, which mainly manifested as a wider,
larger, or flatter nostril (35).

The postoperative outcomes of the nostril depended not only on
the preoperative severity of clefts but also on primary rhinoplasty
(32). Evidence implied that rhinoplasty in infancy would not
impair nasal growth and development (17). Accordingly, several
surgeons advocated rhinoplasty simultaneously with primary lip
repair (12, 13, 16, 30) and suggested 20% overcorrection to

optimize the nostril height (7, 16, 25).

4.3. Nasal tip, columella, and nasolabial
angle

Cerrati and Dayan observed a coordinated change between the
nasal tip and the upper lip projection. As the nasal tip protruded,
the upper lip projection increased (36), which would definitely
cause changes to the nasolabial angle. The morphology of the
nasal tip and columella is known to be braced mainly by LLC, so
changes in LLC would possibly affect the morphology of the
(7, 29).
parameters together in this section.

columella Therefore, we will discuss these three

At the postoperative 10 months, there was a partial
improvement in the nasal tip and it was restored to a near
normal position, but it was still lower and dislocated in the
vertical direction (37). Then, at the postoperative 4 years, the
average length of the columella on the cleft side was longer than
that immediately upon operation, and the nasolabial angle and
columellar angle increased, with the nasolabial angle showing the
most significant increase (110.03 £ 3.31 vs. 94.62 +2.73) (34). At
5-8 years postoperatively, all other nasal measurements were
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satisfactory except for the vertical tip position (26). From 7 to
17.9 years of age, the columellar length in CLP patients averagely
remained short of 2 mm, exhibiting a reduction of the nasolabial
angle, especially between 11.1 and 17.9 years (105.34 +2.80 vs.
100.36 +2.97) (3) (Table 1).

These nasal changes might be attributed to the re-
establishment of the muscle balance on both sides. After that, the
nasolabial angle and columella could be corrected by growth and
development (10, 28). Since there was a lack of muscle in the
area near the nasal tip, this region was susceptible to scar
contracture, which resulted in a downward rotation of the
columella and the nasal tip. In addition, nasal tip and columella
deformities were caused by a displacement of the anterior nasal
spine and caudal septum (13), and therefore, an overcorrection
of the nasal tip to an extremely forward sagittal position would
be necessary during primary repair to compensate for its
depression caused by an insufficient bone base (12, 13).

4.4. Overall symmetry of the nose

The soft tissue morphology of the nose and lip in patients with
UCLP is more asymmetrical than that in patients with BCLP (4,
38). At 3-4 months postoperatively, the overall symmetry of the
nose significantly improves (18, 39). However, the nostrils in
patients with complete UCLP (all repaired at 6 months of age)
are still largely asymmetrical at 3 and 6 months postoperatively,
and the nasal tip inclines toward the non-cleft side at 9 months
of age. The amount of edema decreases by two-thirds at 1
month, 95% at 6 months, and 97.5% at 1 year after rhinoplasty
(40). Therefore, the appropriate time to evaluate the nostril
morphology should be at least 6 months postoperatively. At 12
months of age, the symmetry of the nose ameliorates, with the
remnant asymmetry observed on the nostril rim (41). In patients
aged 6-12 years after primary repair, the nasal soft tissue
exhibits a better symmetry than the hard tissue, and this could
be attributed to the compensatory growth of the nasal soft tissue,
especially in the vertical and sagittal dimensions (28). It is also
believed that at this age, despite the nasal symmetry being close
to “normal,” the asymmetry persists in most patients (23, 42). In
adulthood, however, assessed by 3D images in patients of the
cleft
asymmetry between the cleft side and the non-cleft side of the
nose is identified (33, 43).

unilateral lip—only group, no statistically significant

5. Summary

Surgical outcomes of cleft lip primary repair continue to
improve with age, especially in the lip. However, the revision of
nasal deformities remains a challenge, and this may be the last
and most complicated aspect of cleft care, the reasons for which
are traced to the multiple problems discussed in this review.
primary
impairment of the growth and development of the nose.

Fortunately, rhinoplasty confirmed no significant

Therefore, compared with secondary rhinoplasty, primary lip
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repair, combined with primary rhinoplasty, has more advantages in
terms of establishing a new dynamic muscular balance around the
nasolabial region, which may result in a more symmetrical nose
during its growth and development, requiring less intervention at
the time of definitive secondary rhinoplasty.
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Background: Cleft lip and/or palate (CLP) can lead to severe nasolabial deformities
that significantly affect the appearance of the patient. Among all types of
nasolabial deformities, narrow nostril deformities are the most troublesome,
causing poor and unstable surgical outcomes. The purpose of this study was to
develop an algorithm for surgical method selection for revision of narrow nostril
deformities secondary to CLP based on retrospective clinical data.

Materials and methods: Patients with narrow nostril deformities secondary to CLP
were enrolled in the study. Before surgery, patients’ clinical data were collected
and the width of the nasal floor and the length of the alar rim were measured.
Surgical methods were determined according to the measurements. After
surgery, a nostril retainer was applied for 6 months to consolidate and maintain
the nostril shape. The surgical method and postsurgical changes were recorded
for the final summary of the algorithm to select surgical methods for narrow
nostril deformities.

Results: The data from 9 patients were analyzed. According to the width of the
nasal floor and the length of the alar rim, correct surgical methods were
determined. Four patients received nasolabial skin flaps to widen the soft tissue
of the nasal floor. Three patients received upper lip scar tissue flaps to treat the
narrow nasal floor. For the short alar rim, free alar composite tissue flap or
narrowing of the nostril of the noncleft side was recommended.

Conclusion: The width of the nasal floor and the length of the alar rim are critical
elements to consider when selecting the correct surgical method for revising
narrow nostril deformities secondary to CLP. The proposed algorithm provides a
reference for selecting surgical methods in future clinical practice.

KEYWORDS

cleft lip, narrow nostril deformities, diagnosis, rhinoplasty, surgical method selection

1. Introduction

Cleft lip and/or palate (CLP) is the most common birth defect in the world (1, 2). CLP
causes morbidity to patients and imposes financial risks for families. With the popularization
of prenatal diagnosis, the incidence of CLP in newborns is decreasing (3, 4). However,
have aesthetic

standards gradually

requirements. Secondary facial deformities after CLP include nasal and labial deformities.

improvements in living increased people’s
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Although clefts and deformities are revised in the first stage of
surgery, differences in growth rates still exist in bilateral tissues
during the growth period (5, 6). The existence of scars and the
asymmetry of the lip and nose can distress patients when
with people (7). Thus, secondary
rhinocheiloplasty performed in adulthood is regarded as the last

interacting other
surgery in a cleft patient’s management timeline (8).

Nasal deformities secondary to CLP include asymmetry of the
nostrils, deviations of the septum, and collapse of the nasal tip (8).
Nostril asymmetry is the most common deformity in patients with
unilateral cleft lip. The typical clinical characteristics of nostril
asymmetry include collapse of the nostril on the cleft side
combined with an increased base width and decreased height (9).
However, the cleft side nostril is sometimes narrow; this type of
nostril asymmetry is rare. The main cases of narrow nostril
deformity secondary to cleft lip may include the following
aspects. Firstly, the improper surgical correction to remove
excessive tissue may be dominant reason for it. Besides that,
irregular applying of nasal retainer after the primary open
rhinoplasty and postoperative scar contracture may also
contribute to the occurrence of deformity (5, 6, 9).

Few studies have focused on the causes and treatments of
narrow nostril deformities secondary to CLP. Thus, the surgical
results for this deformity are often unsatisfactory. In this study,
we summarize the causes of narrow nostril deformities secondary
to CLP and propose corresponding surgical techniques.

2. Materials and methods

From February 2010 to July 2021, 9 consecutive patients with
narrow nostril deformities secondary to CLP who underwent
Oral and
Craniomaxillofacial Surgery, Shanghai Ninth People’s Hospital

surgical treatment at the Department of
were enrolled in this retrospective case series. Informed consent
was obtained from all study subjects before participating in the
study. The protocol of this retrospective case series was approved
by the institutional ethics committee of Shanghai Ninth People’s
Hospital.

Inclusion criteria were: (DPatients with narrow nostril
deformity secondary to unilateral clefts lip and palate. The
narrow nostril deformity was defined as the differences of
bilateral nasal floor or alar rim was more than 2 millimeters.
@According to the requirements of patients and their families.
All patients underwent open rhinoplasty to revise the narrow
deformity. (®Considering that the growth and

development of the nose are basically completed by the age of

nostril

16, the minimum age for revision surgery of narrow nostril
deformity was set as the age of 16. @Patients had adequate and
complete presurgical and postsurgical follow-up clinical records
for at least 12 months. Exclusion criteria were a history of nasal
trauma and incomplete medical records.

Surgeons fully communicated with the patient before surgery.
Complete clinical data, including previous surgical history and
facial photos, were collected. The surgery was performed under
general anesthesia. After disinfecting, presurgical photos were
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taken and the presurgical deformity was measured before the
surgery. To quantitatively measure the degree of deformity, we
use a syringe needle to dip with methylene blue to locate the
landmark point. The landmark point we used include bilateral
lip peak point, philtrum point and bilateral cheilion point. By
penetrating the skin with a syringe, the methylene blue is then
stained in the subcutaneous tissue. In this way, we can locate
landmark point and perform corresponding measurements. The
alar rim was encircled with a steel wire and the length of the
steel wire was measured to determine the length of the alar rim.
The width of the nasal floor and the breadth of the vermilion
After
evaluating the degree of the deformity, various surgical methods

and scar were measured using castroviejo calipers.

were performed to correct the nasal and labial deformities
secondary to CLP.

Two days after surgery, a nostril retainer was placed to
consolidate and maintain the nostril shape. Patients were
instructed to remove and clean the nostril retainer after 6
consecutive hours. Seven days after the surgery, sutures were
removed and patients were instructed to apply the nostril
retainer for 6 months. Postsurgical photographs were taken
immediately, 1 month, 3 months, and 6 months after the surgery.

In all these patients, the surgical revision methods and the
presence of postsurgical complications, such as infection and
deformity recurrence, were monitored. During the follow-up,
patient satisfaction and treatment outcomes were recorded and
evaluated.

3. Results

Nine patients with narrow nostril deformities secondary to
unilateral CLP were enrolled in the study. No recurrence of
deformity occurred post surgically in all patients. And all
satisfied with the
Characteristics of the patient population, patient diagnosis, and

patients  were postsurgical  results.
surgical methods are summarized in Table 1. Since all these
patients’ primary surgeries had been performed for more than
15 years and were not performed in our center, it is not
possible to obtain the surgical procedures and specific surgical
technique of the primary surgery at this time. The mean age of
the patients was 20.67 years (range 17-30 years, median 21
years). The mean age of the primary cheiloplasty was 5.89
months (range 3-12 months, median 6 months). The male:
female ratio was 2:7. Five patients had left nasal deformities
secondary to CLP and four patients had right nasal deformities
secondary to CLP. Seven patients had unilateral cleft lip, cleft
palate, and alveolar cleft; the other two patients only had
unilateral cleft lip and cleft palate.

Based on a specific summarization of this group of cases, we
further classify the narrow nostril deformity into three main
categories according to the morphological differences of
bilateral nostrils. The first type is the narrow nostril deformity
caused by narrow nasal floor, which characterized by the
difference of bilateral nasal floor greater than 2 mm, while the
alar rim of the affected side is normal. The second one is the
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TABLE 1 Demographics, diagnosis, patient features and final surgical methods.

Age | Gender

Age of

Diagnosis

Combined cleft palate

Surgical time of

10.3389/fped.2023.1156275

cheiloplasty

and alveolar cleft or not

1 17 Male 8 months L. Nasal deformity | Cleft lip + cleft palate + alveolar
secondary to CLP cleft

2 22 Female 4 months R. Nasal deformity Cleft lip + alveolar cleft
secondary to CLP

3 18 Female 3 months R. Nasal deformity | Cleft lip + cleft palate + alveolar
secondary to CLP cleft

4 21 Female 7 months L. Nasal deformity | Cleft lip + cleft palate + alveolar
secondary to CLP cleft

5 30 Female 4 months L. Nasal deformity cleft lip + alveolar cleft
secondary to CLP

6 17 Female 6 months L. Nasal deformity | Cleft lip + cleft palate + alveolar
secondary to CLP cleft

7 22 Male 1 year R. Nasal deformity | Cleft lip + cleft palate + alveolar
secondary to CLP cleft

8 22 Female 3 months R. Nasal deformity | Cleft lip + cleft palate + alveolar
secondary to CLP cleft

9 17 Female 6 months L. Nasal deformity | Cleft lip + cleft palate + alveolar

secondary to CLP

cleft

rhinoplasty
August 10, 2013

June 22, 2010

July 23, 2013

May 8, 2014
March 18, 2014
August 7, 2012
March 2, 2010

July 18, 2011

April 9, 2021

Nasolabial skin flap

Nasolabial skin flap

Nasolabial skin flap

Nasolabial skin flap

Upper lip scar tissue flap

Upper lip scar tissue flap

Upper lip scar tissue flap

Free alar composite tissue flap +
narrow the nostril of non-cleft
side
narrow the nostril of non-cleft
side

narrow nostril deformity caused by short alar rim. Such patients
are with extremely short alar rim and the difference of bilateral
alar rim is greater than 2 mm, while the nasal floor of the
affected side is normal. The third type is the combination of
the two-above type. Such patients are characterized by
having both a narrow nasal floor and short alar rim at the
same time. The deformity of this type is troublesome and
requires a combination of various methods to revise the severe
deformity.

3.1. Clinical presentation 1

A 17-year-old female patient was referred to our department
for the management of left nasal and labial deformities
secondary to CLP. This patient underwent cheiloplasty at the age
of 6 months at a local hospital. She received palatoplasty at the
age of 6 years in our department. Repair of the left alveolar cleft
with iliac bone harvest was conducted at the age of 12 years at
another hospital. As the child grew, the nasal and labial tissue
grew and changed. The repaired lip was affected and the
deformity become more apparent. Thus, the patient was referred
to our department to revise the nasal and labial deformities.
Physical examination revealed a wide postoperative scar on the
left upper lip. The left vermilion was hypertrophic, the left lip
peak was raised, and the lip bread structure did not show. The
left nasal tip was collapsed, and the nostril sizes were
asymmetric. The asymmetry of bilateral nostrils was particularly
evident in this patient from the bottom view. The surgical
objectives included excision of the residual scar, repositioning of
key anatomic landmarks, including the vermilion-cutaneous
junction, leveling of the vertical lip lengths, enlargement of the
nostril on the affected side, and repositioning of the alar
cartilage. Before surgery, the width of the nasal floor and the
length of the alar rim were measured to confirm the causes of
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the narrow nostril and establish a reasonable treatment strategy.
The main cause of the narrowed nostril was a narrow nasal floor,
according to the presurgical measurements. Thus, the wide
residual scar was not completely resected during surgery, and the
residual pedicle scar tissue flap was transposed and transplanted
to repair the narrow nasal floor. This surgical technique would
resect the scar on the upper lip, adjust the shape of the upper
lip, broaden the nasal floor tissue, and resolve the narrow nasal
floor at the same time. Besides that, to solve the problem of
nasal alar lateral malposition, open rhinoplasty was performed
meanwhile to reposition the nasal alar cartilage. During the
surgery, the bilateral nasal alar cartilage was freely dissociated
and anatomically reduced through the bilateral tajima incision
and the inverted V-shaped incision on the nasal columella. The
patient was instructed to apply the nostril retainer for 6 months
after the surgery to reposition the alar cartilage and maintain the
nostril size. After the secondary rhinocheiloplasty, a good
nasolabial profile was acquired. The photos before and after the
surgery and the schematic diagram of the surgery are shown in
Figure 1.

3.2. Clinical Presentation 2

A 20-year-old female patient with a chief complaint of nasal
and labial deformities was presented to correct the deformities in
our department. This patient received cheiloplasty at the age of 4
months at a local hospital. As the child grew, the nasal and labial
tissue grew and changed and the deformity become more
apparent. The patient was referred to our department for the
urgent need to revise the nasal and labial deformities. The
physical examination revealed a wide postoperative scar on the
right upper lip. The vermilion-cutaneous junction was disrupted.
The right nasal alar was malpositioned downward, and the nasal
nostril was asymmetric with a narrow right nostril. The width of
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FIGURE 1

scar tissue flap.

Clinical Presentation 1: A 17-year-old female patient with a narrow nostril secondary to cleft lip and palate corrected by the upper lip scar tissue flap. (A)
Preoperative frontal view of the patient. (B) Preoperative bottom view of the patient. (C) Preoperative profile view of the patient. (D) Postoperative frontal
view of the patient. (E) Postoperative bottom view of the patient. (F) Postoperative profile view of the patient. (G—I) Schematic presentation of the upper lip

the nasal floor and the length of the alar rim were measured to
determine the causes of the narrow nostril. In this patient, the
main cause of the narrow nostril was a narrow nasal floor. A
nasolabial skin flap was designed, transposed, and transplanted
to repair the narrow nasal floor of the affected side. Additionally,
open rhinoplasty was applied to reposition the nasal alar
cartilage and nostril retainer was utilized to maintain the
position and shape of the nasal alar. Thus, resection of the
residual scar, anatomical reduction of the nasal alar cartilage,
repositioning of key anatomic landmarks, and leveling of vertical
lip lengths were achieved at the same time during the surgery. In
this case, the upper lip scar was an irregular polyline, so the
upper lip scar could not be applied to enlarge the nostril. Thus, a
nasolabial skin flap was designed and applied to enlarge the
nostril on the affected side. Similarly, the nasal alar of the affect
side was lateral malposition. To solve this problem, the bilateral
tajima incision and the inverted V-shaped incision on the nasal
columella was utilized in the surgery to dissociate and reposition
the nasal alar cartilage anatomically. The nostril retainer was also
applied to maintain the nostril size and alar cartilage position
after the surgery for 6 months. A good nasolabial appearance
was achieved after surgery. And the photos before and after the
secondary rhinocheiloplasty are shown in Figure 2.

Frontiers in Pediatrics

3.3. Clinical presentation 3

A 22-year-old female patient was diagnosed with right nasal and
labial deformities secondary to CLP and presented at our hospital to
resolve the narrow nostril of the affected side. This patient
underwent cheiloplasty at the age of 3 months and palatoplasty at
the age of 10 years at a local hospital. However, a palatal fistula
remained after the surgery. The patient underwent surgery to
repair the palatal fistula in our hospital at the age of 16 years. The
nasal and labial deformities become more apparent with growth
and development, and the patient was referred to our department
for revision of these deformities. The physical examination
revealed collapse of the nasal tip, asymmetry of the nostrils, and
deviation of the septum to the left side. The asymmetry of the
bilateral nostrils was particularly evident from the bottom view.
Before surgery, the length of the alar rim and the width of the
nasal floor were measured to establish a reasonable treatment plan.
The alar rim on the noncleft side was 38 mm, and the alar rim on
the cleft side was only 22 mm. Thus, a huge difference existed
between the bilateral perimeters of the alar rims. A free alar
composite tissue flap from the noncleft side was used to extend
the perimeter of the cleft side alar rim. During the surgery, a
wedge-shaped flap was designed and resected from the lateral one-

frontiersin.org


https://doi.org/10.3389/fped.2023.1156275
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/

Wei et al.

10.3389/fped.2023.1156275

FIGURE 2

Schematic presentation of the nasolabial skin flap.

Clinical presentation 2: A 20-year-old female patient with a narrow nostril secondary to cleft lip and palate corrected by a nasolabial skin flap. (A)
Preoperative frontal view of the patient. (B) Preoperative bottom view of the patient. (C) Preoperative profile view of the patient. (D) Frontal view of
the patient 1 month after surgery. (E) Bottom view of this patient 1 month after surgery. (F) Profile view of this patient 1 month after surgery. (G-1)

third of the alar rim on the noncleft side. Subsequently, the resected
wedge-shaped flap was inserted into the corresponding position on
the lateral one-third of the alar rim on the cleft side to lengthen the
alar rim on that side. To ensure the survival of the free flap, the nasal
alar cartilage was not anatomically repositioned during the primary
rhinoplasty. Only the enlargement of the cleft side nostril was
performed at this stage. Local compression was performed with
vaseline gauze for 14 days. After the primary rhinoplasty, the
asymmetry of the nostrils was revised. However, the collapse of
the nasal tip and the malposition of the nasal alar cartilage still
remained. The revision of nostril asymmetry provided better
conditions for further revision of the nasal deformity. One year
later, a secondary rhinoplasty with cartilage from the nasal septum
was performed. During the secondary rhinoplasty, the bilateral
nasal alar cartilage was also freely dissociated and anatomically
reduced to remodel the shape of nasal tip and bilateral nasal alar.
The bilateral tajima incision and the inverted V-shaped incision
on nasal columella was applied this time for anatomic dissection
of nasal alar cartilage. A satisfactory aesthetic and functional result
was achieved ultimately. The schematic diagram of the surgery is
shown in Figure 3.

4. Discussion

Nasolabial morphology is the key to facial aesthetics, and the
existence of nasolabial deformities and upper lip scars secondary
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to CLP trigger great distress in human relationships (7).
Although congenital clefts are repaired during infancy and
childhood, nasal and labial deformities remain in adolescence
and even into adulthood. Nasal deformities associated with cleft
lip are characterized by a lack of symmetry, alar collapse on the
affected side, loss of tip definition, and obtuse nasal labial angles
(10-12). These troublesome maxillofacial deformities result not
only from the baseline congenital deformities and deformational
changes during craniofacial growth, but also from surgical
procedure flaws, poor adherence to instructions in childhood,
and maxillary deficiency secondary to CLP (6, 8, 13, 14). These
deformities involve abnormalities in all layers, including nasal
alar cartilage, nasal septal cartilage, skin, subcutaneous tissue,
and even the basal bone (15). Thus, cleft rhinoplasty is regarded
as a tough and vital reconstructive procedure. Several factors,
such as scars from previous surgeries, insufficient soft tissue for
tension-free closure, and displaced and deformed cartilage, might
contribute to the final poor postsurgical results (16).

Among all these clinical characteristics, nostril asymmetry is
the most common nasolabial deformity secondary to CLP and
manifests as increased base width and decreased height (9).
However, in clinical practice, the cleft side nostril is sometimes
narrow due to improper surgery or overcorrection in a previous
surgery. This condition is extremely troublesome due to
insufficient soft tissue for nostril augmentation. In addition to
the soft tissue defect, scars at the base of the nose and columella,
the tight skin envelope, and the intrinsic memory of displaced
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FIGURE 3

Clinical presentation 3: A 22-year-old female patient with a narrow nostril secondary to cleft lip and palate corrected by a free alar composite tissue flap.
(A) Preoperative frontal view of the patient. (B) Preoperative bottom view of the patient. (C—H) Photos during the surgery. A wedge-shaped flap was
designed and resected from the lateral one-third of the noncleft side alar rim. This free alar composite tissue flap was inserted into the
corresponding position of the cleft side alar rim to lengthen the alar rim. (I) Frontal view of the patient 1 year after surgery. (J) Bottom view of the
patient 1 year after surgery. (K—N) Schematic presentation of the free alar composite tissue flap.

and deformed cartilage might also cause deformity relapse (17). To
resolve this troublesome situation, surgeons have tried various
methods to revise this deformity and published some relevant
reports. including  V-Y
advancement flap or Z-plasty, are effective in correcting this rare
deformity (18, 19). Additionally, Matsuya et. al applied a
“flaying-bird” incision in the nostril tip to revise the cleft nasal
deformity during open rhinoplasty (20). This procedure widens

case Several surgical methods,

the nostril from the nostril tip but does not significantly improve
the width of the nasal base. Essentially speaking, narrow nostrils
are soft tissue deficiencies; thus, these methods result in only
short-term improvements in the nasal shape. Slight deformities
can be revised by local tissue modifications on the affected side.
However, recurrence of the deformity is more likely for severe
deformities due to postsurgical scar contracture. Therefore, some
surgeons utilize composite tissue flap transplantation during the
surgical procedure to revise narrow nostril deformities. To widen
the alar base width during post-CLP rehabilitation, Balaji used a
typical nasolabial flap to correct the narrow alar base deformity
and achieve outstanding esthetic and functional outcomes (21).
To restore the symmetry of bilateral nostrils, Suh et. al applied
full-thickness skin grafts harvested from the postauricular region
to widen the stenotic cleft nostril (18). Although skin grafts
appeared as red and elevated scars during the early remodeling
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period, the transplant area eventually became similar to the
surrounding tissues. Lee et. al utilized the subalar grafting
technique to improve the symmetry of nostrils and achieved
striking results in the immediate postsurgical period and beyond
1 year after surgery (22).

In this study, we summarized the algorithm for the selection of
surgical methods for treating narrow nostril deformities secondary
to CLP based on the literature and our clinical experience
(Figure 4). While designing the surgical plan, all clinical data
should be collected, including the patient’s chief complaint,
medical history, and facial photography. In addition, accurate
clinical measurements are important in establishing a surgical
plan. We used a steel wire to encircle the alar rim and measured
the length of the steel wire to precisely determine the length of
the alar rim. Besides that, we used castroviejo calipers to
precisely measure the width of the nasal floor and the breadth of
the vermilion and scar. Based on the clinical data, the causes of
narrow nostril deformities can be divided into three main
categories, including a narrow nasal floor, a short alar rim, and a
combination of both. When the nasal floor is narrow while the
alar rim is normal, a nasolabial skin flap or upper lip scar tissue
flap is recommended to utilized for enlarging the width of the
nasal floor. To be specific, when there is a broad scar on the
upper lip, an upper lip scar tissue flap is recommended to
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FIGURE 4

Algorithm for surgical method selection for revising narrow nostril deformities secondary to cleft lip and palate.

applied priority to avoid opening a second surgical area in the
nasolabial fold region. If the upper lip scar is slight and does not
need to be revised or the upper lip scar was irregular, a
nasolabial skin flap is recommended because the resulting wound

is more concealed. When the alar rim is slightly shorter than the
other side, adjacent tissue flaps, such as Z-plasty or a V-Y
advancement flap, are recommended. If the alar rim is

significantly shorter than the other side while the nasal floor is

FIGURE 5

(A) and (B) the nostril retainer applied after the surgery. (C) The nostril retainer placed in bilateral nasal nostril to maintains the alar cartilage and the alar

wing in the desired positions.
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normal, free composite tissue flap transplantation, such as a free
alar tissue flap or a free auricle tissue flap, is recommended. If
the patient is unwilling to receive free tissue flap transplantation
and the patient’s nostril on the noncleft side is too large, a
simple partial resection to narrow the noncleft side nasal alar can
also result in a harmonious and symmetrical nasal profile.
Finally, when a narrow nasal floor coexists with a short alar rim,
a combination of various methods is recommended. The
selection algorithm of surgical methods for revising narrow
nostril deformities secondary to CLP is shown in Figure 4.

Of note, the nostril retainer (Figure 5), which maintains the
alar cartilage and the alar wing in the desired positions, is widely
applied in surgeries involving the alar cartilage and nostril to
prevent alar collapse or nostril stenosis (23-25). However,
diversity exists in the literature regarding to the time of
postoperative nasal retainer should be applied. Most studies
recommend using the nasal retainer for at least six months to
maintain the desired surgical outcome (26, 27). However, in our
patients, significant recurrence was observed even after the
application of the nasal retainer for six months. Severe tissue
deficiencies and scar hyperplasia may lead to this phenomenon.
Thus,
recommended in such patients.

a prolonged application of the nasal retainer is

5. Conclusions

Narrow nostril deformities secondary to CLP are rare and
troublesome in clinical practice. In this study, we summarized
the treatment of these deformities and proposed an algorithm
for surgical method selection for revising these deformities.
According to this algorithm, the width of the nasal floor and
the length of the alar rim are crucial in selecting the correct
surgical method. Based on this algorithm, an appropriate
ascertained and favorable

surgical method was surgical

outcomes were achieved.
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Background: While transposition flap is widely used for the repairs of facial
defects, few studies has reported its application among children with large
defects. In this study, we aimed to investigate the surgical techniques and
principles in different locations on face of vertical transposition flap in children.
Methods: We retrospectively reviewed our hospital database and identified
children who were treated with vertical transposition flap for large facial defects
between January 2014 and December 2021. Information was collected
including patients’ demographics, location and dimension of the lesion, surgical
procedure, additional surgeries, complications, and outcomes.

Results: A total of 122 patients (77 boys, 63.1%) were included in this study. The
average age for participants was 3.3 years (3 months to 9 years). One hundred
and four (85.3%) patients had melanin nevus and 18 (14.8%) had sebaceous
nevus. The average size of defects was 5.8 cm? (ranging from 0.8-16.5 cm?). Ten
patients (8.2%) suffered from dermal layer or full-thickness necrosis in the distal
part of their flaps, They all recovered after conservative treatment and there were
noticeable scars at discharge. Five patients (4.1%) had slight traction of the
mouth and eyelid, all recovered about 2 week after surgery. An acceptable
cosmetic outcome was achieved for all the patients at last time follow-up.
Conclusions: Repairing large facial defects with vertical transposition flap is
effective in Children, especially on forehead, cheek and mandible. However, this
technique is far from perfect. Careful selection of appropriate patients and flap
design might be needed.
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Introduction

Facial defects resulting from the excision of skin lesions such as melanin nevus, sebaceous
nevus, or scars are relatively common in children. Face is the center of communication and
emotion expression. Therefore, large lesions of the face may lead to devastating emotional and
psychological outcomes among some sensitive populations such as children, who developed
self-esteem and a sense of self-image at around 5 years of age (1, 2). Reconstruction of facial
defects should consider cosmetic and functional results, such as skin texture, color match, and
blood supply (3, 4). A local flap comprises skin and subcutaneous tissue with a direct vascular
supply. It has several advantages including reliable blood supply, good skin texture and color
match, and a single stage procedure (4).

Transposition flaps are among one of the most widely used local flaps for the repairs of
facial defects. Larger defects can be better closed when the angle of the flap to the defect is
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increased to a right angle (5). Numerous studies have reported
transposition flaps for reconstructing facial defects, including the
area, angle, shape, and outcomes (6-9). However, few articles
have discussed the surgical application in children. This article
discusses the surgical techniques and application locations site of
the vertical translocation flap in children.

Methods
Participants

A retrospective study was conducted for patients admitted to
Department of Burn and Plastic Surgery, Beijing Children’s
Hospital, Capital Medical University, between January 2014 and
December 2021 who were treated by 90° transposition flap for
large facial defects. Clinical information concerning the patients’
demographics, location and dimension of the lesion, surgical
procedure, additional surgeries, complications, and outcomes
were collected. The study was approved by the ethical review
board of Beijing Children’s Hospital, and informed consent was
waived due to the retrospective nature of the study.

Surgical procedure
Before surgery, the individual facial skin was examined

check
Preoperative assessment of the lesion size, laxity of surrounding

carefully to if the primary closure was possible.
tissues, the possible flap length was made for all patients. Under
general anesthesia, skin lesions were excised with a margin of
clinically normal appearing skin to ensure complete removal. The
depth of the excision was extended into the subcutaneous tissue.
After excision, the defects often exhibited a circular or oval
shape. The long (a) and short (b) axis of the defect was decided
(Figure 1). A line extended from the long axis was drawn and
the length of this extended line was half of the short axis (b/2).
Another line that was vertical to the extended line was drawn at

10.3389/fped.2023.1171092

its end and the length of this vertical line was decided at the
sum of long axis and half of the short axis (a+2/b). Then the
border of the flap was designed based on the extended and
vertical line, and the size of flap was slightly larger than that of
defect. After that, we incised the skin along the margins of the
flap and separate it at the layer of Superficial Musculo-
Aponeurotic System to ensure sufficient perfusion through
subcutaneous vessels. The donor site was closed first. Then the
elevated flap was transferred by 90 degrees to cover the defect
and sutured in different layers with tension. Minor modifications
would be made during the procedure if the flap wasn’t able to be
transposed freely or there was a limitation in arc of rotation.

Results

A total of 122 children were included in this study, with 77
(63.1%) being male. The average age for participants was 3.3
years (interquartile range: 3 months to 9 years). One hundred
and four (85.3%) patients had melanin nevus and 18 (14.8%)
had sebaceous nevus. The average size of defects was 5.8 cm®
(ranging from 0.8-16.5 cm?). Forty-eight (37.7%) patients had
the defects on the cheek, 26 (27.4%) on the forehead, 22 (19.4%)
on the mandible, 17 (13.9%) on the eyelid, 9 (7.4%) on the nose
(Table 1).

All patients had successful lesion excision and vertical
transposition flap to close the wound in single procedure. Three
patients (4.8%) had incomplete eyelid closure, and 2 patients had
slight traction of the upper lip immediately after surgery. All of
them were fully recovered 2 week later. At discharge, one

TABLE 1 Basic information and follow-up of flaps in different locations.

- Average size (cm?) | Flap necrosis | Thicker flap

Flap

FIGURE 1

cover the defect. (C) Close the wound from donor area

(A) Design of the flap. The angle A is nearly 90 degree. The length of two legs of £A are approximately sum of a and 2/b(a + 2/b). (B) Rotate the flap to

Cheek 48 6.6 3 3
Forehead 26 8.1 2 1
Mandible 22 59 1 1
Eyelid 17 23 0 3
Nose 9 13 0 0
C
s
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hundred and twelve (91.8%) patients had their flaps survived. Four
subjects (3.2%) suffered from dermal layer necrosis with pigment
differences between the flap and surrounding skins. Another six
subjects (4.8%) had full-thickness skin necrosis with noticeable
scars left at discharge. Eight patients (6.6%) had a thicker flap
than the surrounding tissues and 2 of them underwent flap
thinning one year later. The average clinical follow-up was 8
months (Range: 3 to 24 months). An acceptable cosmetic
outcome was achieved for all the patients.

[llusive case 1

This was 3-month-old boy with melanin nevi (6.0 * 3.0 cm) on
forehead. His parents requested a single surgical repair because
they were concerned about the effect of multiple anesthesia on
the child’s He had vertical
transposition flap to cover the defect. However, removal of
(dog-ear) led de-
vascularization of the flap and the distal part of the flap suffered

central system development.

standing  cutaneous  deformities to
partial-dermal necrosis two weeks later. He recovered well at
discharge after conservative treatment. Last time follow-up at 8
months after surgery showed light scar and pigment left
(Figure 2). The local hairs were removed by laser therapy

(Intense pulsed light).

10.3389/fped.2023.1171092

[llusive case 2

An 1-year-old boy presented with melanin nevi (4.0 * 3.0 cm)
on the left cheek. His parents rejected serial incision, so we
designed vertical transposition flap to cover the defect within the
right cheek aesthetic subunit. The patient healed uneventfully,
and the follow-up 1 month later showed acceptable scar (Figure 3).

[llusive case 3

An 9-year-old girl presented with melanin nevi (4.5*3.5 cm) on
the lower left jaw region. She requested a single operation to
achieve a good cosmetic result because of limited time. We
designed a vertical transposition flap to cover her defect within
the left aesthetic subunit of mandible. The patient recovered
uneventfully and was satisfied with the final result (Figure 4).

Discussion

Facial lesions or defects affect children’s appearance, which
would have long-term effects on the mental health and life
quality of both children and parents (8, 10, 11). Special
consideration should be given when reconstructing facial defects

FIGURE 2

because of partial-dermal necrosis of flap.

(A) Intraoperative lesion skin before excision. (B) Defect closure by 90° transposition flap. (C) 8 months after the surgery with light scar and pigment left

FIGURE 3

(A) Design of excision area preoperative. (B,C) Defect closure by vertical transposition flap. (D) 1 month after the surgery.
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FIGURE 4

(A) Preoperative lesion skin. (B) Design of excision and flap area. (C) 10 months after the surgery.

FIGURE 5

(A) Vertical flap design for different locations on face. (B) Secondary incisions should left in hairline, nasolabial fold, mandibular line or pre-auricular line.

)

(e

~"

in pediatrics. Generally, the facial skin of children has more
elasticity and is growing with the growth centers of the facial
skeleton. It is difficult to conceal a surgical scar in the pediatrics
as there are no distinct borders between aesthetic subunits. Thus,
primary wound closure is less likely to produce an acceptable
cosmetic result among children, especially for the large defects
(12, 13). We use transposition flaps in pediatric patients with
large facial defects rather than the most commonly used
expansion flaps due to their higher complications. In addition,
many parents request a single surgical including excision and
construction for many reasons, such as limited time, cost,
concerns about the damage to their child’s central system
development from multiple anesthesia. As powerful reconstructive
tools, transposition flaps are frequently used in cutaneous
reconstruction. During the closure of defects, transposition flaps
borrow skin laxity from adjacent areas and redirect the vectors of

Frontiers in Pediatrics

tension. This allows the primary defect to be closed with a few or
even no wound edge tensions (15). Transposition flaps have been
modified over time and are now used in a variety of locations due
to their versatility (16). Defects on forehead, eyelid, outer canthus,
cheek and mandible allow surgeons to position the flap in
hairline, nasolabial fold, mandibular line or neck. So it’s easier for
surgeons to conceal the flap incision scars and reduce the
occurrence of pulling of the facial features (Figure 5). We found
that flaps located in eyelid and nose can cover smaller defects and
are more likely to show distraction of eyelid and lips.
Transposition flaps were frequently to be rotated between 45°
and 90°. However, there was a tension overlap between primary
and secondary defects if the angle was too small, resulting in
limited extent of flap and heavy scar (17, 18). When the
transposition angle was larger than 90°, the effective length of
the flap would decrease significantly and a larger flap was thus
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needed (15, 16). In our center, we increase the transposition angle
to 90°. It decreased the tension between flap and defect while
having a larger flap. In addition, we found that the donor site
and the defect can be closed more easily. Our results showed that
most of children achieved a satisfied cosmetic and functional
outcome. However, it should be noted that the increased angle
will lead to an increased flap length and a higher incidence of
flap necrosis (17). In our case series, 6 patients suffered from
or full-thickness
recovered well in the end after careful management, skin necrosis

partial skin necrosis. Even though they
is an important complication that should be pay attention to.

Important points of operation in our center were as follows: (1)
Flaps selection: The defects should be repaired in the same facial
subunit with local flaps. Cross-facial aesthetic unit flaps like
expanded flaps were utilized for larger defects only when local flaps
are not sufficient (18). Efforts should be made to feel for areas
with a greater laxity and examine the effects of different tension
vectors on adjacent skins. (2) Flap position selection: The long axis
of skin flap should be placed along relaxed skin tension line
(RSTL) so that the incisions can be less conspicuous. The incision
should be left in the concealed part like hairline, nasolabial fold,
mandibular line, pre-auricular line for greater scar camouflage. (3)
Flap design: To ensure the survival of distal part of flap, the
length-width ratio of the flap should be less than 3:1. The length of
flap is the sum of long axis and 1/2 of the short axis. (4) Skin flap
thickness: While thinner flaps usually allow better cosmetic facial
landmarks, a certain thickness of fat layer should be preserved to
avoid the damage of subdermal vascular network. (5) Dog-ear
deformities: Significant dog-ear deformities should be corrected
appropriately. However, the minor deformities could be preserved
to avoid insufficient blood supply. (6) Postoperative caring: A
surgical drain or needle aspiration could be applied for the
drainage of accumulated blood or fluid under the flap (13, 19).

In conclusion, vertical transposition flap is effective in repairing
large facial soft tissue defects in children, showing acceptable
functional and aesthetic outcomes. However, this technique is far
from perfect. Careful selection of appropriate patients and flap
design might be needed.
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Marginal velopharyngeal inadequacy (MVPI) is a particular status of velopharyngeal
closure after cleft palate repair. The physiological and phonological characteristics
of patients with MVPI are significantly different from those with typical
velopharyngeal insufficiency. The pathological mechanisms and diagnostic
criteria of MVPI are still controversial, and there is limited evidence to guide the
selection of surgical and non- surgical management options and a lack of
recognized standards for treatment protocols. Based on a systematic study of
the relevant literatures, this review identifies specific problems that are currently
under-recognized in the diagnosis and treatment of MVPI and provides
guidelines for further exploration of standardized and reasonable intervention
protocols for MVPI.

KEYWORDS

cleft palate,
lengthening

velopharyngeal dysfunction, speech therapy, pharyngoplasty, palate

1. Introduction

Congenital cleft palate is one of the most common craniomaxillofacial birth defects in
humans and may affect important physiological functions including speech, mastication,
swallowing, hearing, and maxillofacial growth and development. Although primary cleft
palate repair restores the continuity of soft and hard tissue and physiological anatomy of
the palate, a significant percentage of patients still fail to fully close the velopharyngeal
port during speech after surgery. The state coined as velopharyngeal inadequacy (VPI)
results in varying degrees of speech dysfunction, seriously affects the quality of life and
requires further medical intervention (1, 2). More specifically, the speech of patients with
VPI is usually characterized by nasal emission, hypernasality and compensatory errors in
articulation. And the severity of speech abnormality is associated with the extent of
incomplete velopharyngeal closure.

There is no clear-cut distinction between normal and abnormal velopharyngeal closure,
and a borderline closure exists between typical VPI and definitive velopharyngeal competent
(VPC), which may appear as a mildly incomplete or unstable closure. Since the speech
performance and treatment prognosis under the borderline state are significantly different
from typical VPI or VPC, it has been classified as a separate diagnostic category as
marginal velopharyngeal inadequacy (MVPI), which is widely used to date to evaluate the
outcome of cleft palate management. However, there is no unified standard for the
diagnosis of MVPI, and different studies not only use drastically different criteria but also
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differ in defining MVPI as a treatment success or failure, which
seriously undermines the cross-sectional comparability of data
cleft addition,
intervention options for MVPI are controversial. While the

related to palate treatment outcomes. In
selection of surgery for typical VPI and speech training for VPC
with
physiological,

fuction are often intertwined in MVPI (3). The differences in the

articulation error are indisputable, the structural,

and habitual factors affecting velopharyngeal

willingness to improve speech among patients and the health
economic considerations make the choice of surgical and
non-surgical treatments for MVPI even more complicated (4-7).

In concern of the controversies in the management of MVPI,
we systematically reviewed the research progress related to the
pathological mechanism, diagnostic criteria and treatment
outcomes of MVPI, so as to clarify the existing research
difficulties, misunderstandings and shortcomings and provide

reference for further improvement of MVPI treatment protocol.

2. Pathogenesis of MVPI

The concept of MVPI was first defined in 1976 as “mild or
intermittent incomplete closure” and “a borderline status
between complete and incomplete closure” (8). Among
patients with MVPI, structural, physiological and habitual
factors affecting velopharyngeal closure are intertwined. For
example, articulatory errors and mild soft palate elevation
deficits may be of reverse causality. It is often difficult to
clearly distinguish the various pathological causes of speech
intelligibility.

Smith Guyette (1996) suggested that the status of MVPI is
where the velopharyngeal closure system demonstrates different
degrees of competence in response to speech tasks of varying
difficulty. Using sounds of /Pa/ and /Pi/ as a criterion, he
observed complete closure of the /Pa/ sound and incomplete
closure of the /Pi/ sound in some patients and speculated that
there may be antagonistic action of the palatoglossal muscle
against the levator veli palatini in /Pi/ sound, resulting in
increased resistance to soft palate uplift and incomplete closure (9).

Warren made close observation on the timing of nasal emission
and found that the closure phase in patients with MVPI was about
50 ms behind the normal population, resulting in a longer duration
of nasal emission and a shorter duration of closure during
functional speech. He then suggested that the pathological basis
of MVPI may be related to the response timing of the
velopharyngeal closure system (10).

Karnell et al. analyzed the pathological characteristics of
velopharyngeal closure based on objective nasometer values and
observed that some patients showed normal values when
completing high-pressure test sentences containing stress
consonants and abnormal values when completing low-pressure
test sentences containing only vowels and semivowels. On this
basis, they proposed the pressure-sensitive theory, suggesting that
the velopharyngeal performance of patients with MVPI was
influenced by the oronasal pressure associated with the speech

task, showing “mixed” nasometer results (3, 11).
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Morris hypothesized that MVPI might be categorized into two
subtypes: the structural and functional. In the former, complete
closure is not possible due to the structural constraints and
should be manifested as persistent mild nasal emission, while in
the latter, the velopharyngeal mechanism meets the requirements
for closure but is affected by poor articulatory habits and
demonstrates incomplete closure during difficult speech tasks,
which should be manifested as intermittent nasal emission (12).
This subtype classification hypothesis, however, has not yet been
supported by adequate research data.

To date, there is no uniform understanding of the pathological
mechanisms underlying the development of MVPI. Different
studies often focused on only one aspect of speech performance.
The lack of an exact pathological mechanism also leads to
controversies regarding the diagnostic criteria for MVPIL.

3. Diagnostic criteria of MVPI

Early in the introduction of the MVPI concept, there was
debate on whether it should be classified as a transitional state
on the continuous spectrum of VPI or as a third diagnostic
classification distinct from typical VPI and VPC. With increasing
evidence suggesting distinct performance in hypernasality and
speech among patients with MVPI from those with VPI and
VPC, and the clinical significance of MVPI diagnosis to
treatment options and prognosis, MVPI became recognized as an
independent diagnostic category and widely used in the
evaluation of cleft palate treatment outcomes (3, 13). The
diagnostic criterion of MVPI is yet to be unified. Accordingly,
the identification between MVPI and mild VPI becomes critical
to their clinical management.

The tools for velopharyngeal function evaluation include
subjective evaluation, endoscopy, radiography, nasometer, and
oronasal pressure test. Early studies mostly used a single
examination for diagnosis, such as classifying patients with a
velopharyngeal gap less than 2 mm on lateral radiographs as
MVPI (14). Although diagnostic methods based on a single
examination generally showed good internal consistency, the
agreement between the results of different examination methods
is often low. For example, more than half of the patients with a
velopharyngeal gap less than 2 mm turned out to be definitive
VPI or VPC (15).

Laine et al. made definitive diagnosis on velopharyngeal
function basing solely on the ventilation port size deduced from
nasometer values: a port less than 0.05cm’ was diagnosed as
VPC, 0.05-0.09 cm® as
closure, 0.10-0.19 cm® as marginal incomplete velopharyngeal

marginal complete velopharyngeal
closure, and more than 0.20 cm® as VPI (16). Warren et al.

based their diagnosis algorithm on the severity of the
hypernasality on a scale of 1-4, with VPC below 1.676, marginal
complete velopharyngeal closure from 1.677 to 2.368, marginal
incomplete velopharyngeal closure from 2.369 to 2.5, and VPI
above 3.273 (17). Morris relied entirely on subjective evaluation
for diagnosis, using a speech scale to obtain an overall score for

nasal emission, resonance, and articulation. A score of 3-4 on
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the scale (1 for normal and 7 for severe abnormalities) was used as
diagnostic criterion for MVPI (13). In addition, Morris (18)
proposed to divide MVPI into two subtypes: “almost but not
quite” (ABNQ) and “sometimes but not always” (SBNA). In the
former, the velopharyngeal closure is always incomplete and
there is a consistent mild nasal emission during pronunciation,
whereas in the latter, complete closure can be achieved
occasionally but not consistently (19). However, mild and
intermittent incomplete closure could not simply equate to
structural and functional causes (20). Although this subtype
classification has potential value to intervention selection, its
existence is not supported by the currently available data.
Concerning the limitations of a single examination, it is now
believed that the diagnosis of MVPI should combine subjective and
objective findings, and a three-dimensional and dynamic endoscopic
evaluation of velopharyngeal port is generally recommended
(21, 22). There are still drastic differences in the diagnostic criteria
of MVPI reported in the literature, and more studies involving
MVPI did not even clearly describe their diagnostic criteria (23-25).
Moreover, there is no agreement on whether to classify MVPI as a
successful or unsuccessful outcome for cleft palate treatment, which
seriously affects the comparability among studies (26-28). A definite
and explicit diagnosis criterion is prerequisite to intervention
selection, and inconsistency in diagnosis inevitably leads to different
management protocols for MVPI in different institutions.

4. Disagreements on the management
philosophy of MVPI

The treatment options for typical VPI and VPC are relatively clear,
with the former requiring further surgery to restore the velopharyngeal
mechanism and the latter relying on speech training to correct habitual
errors (29). In contrast, it is often difficult to draw a definitive line
between structural velopharyngeal abnormalities and articulation
abnormalities in patients with MVPI (30). Mild closure inadequacy
may force compensatory articulation, and normal articulation may be
restored after surgery without speech training, while abnormal
articulatory  habits affect
velopharyngeal closure insufficiency may disappear after correction of
articulation (31, 32). In addition, MVPI status may be less stable
during the follow-up as compared to VPI and VPC, further
complicating the clinical decision-making (33, 34).

may velopharyngeal closure and

In an idealized medical setting, it seems reasonable to firstly
prescribe speech training for all patients with MVPI and
subsequently schedule surgery according to the training outcome.
Speech training can determine whether articulation error is the
initiating factor in causing speech problems and does not cause
structural changes at the velopharyngeal port (4). In a realistic
medical setting, however, the time and financial costs associated
with speech training are not affordable for all families, especially
in remote regions where speech therapy is not yet available (35-37).

The other extreme of the MVPI management is to prescribe
indiscriminate surgery. Some scholars believed that patients with
MVPI generally yielded poor outcomes to speech training and
prefer to perform surgical intervention first (5, 12, 38). Some
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studies found that re-palatoplasty improves the outcome of
speech training among patients with MVPI, probably because
surgery makes it easier for them to achieve complete closure and
master the correct articulation techniques with resonance and
emission eliminated (5, 6). However, this strategy is at risk of
overtreatment and complications to patients who may be
potentially cured by speech training alone.

Thus, assessment of the sensitivity of MVPI patients to speech
training seems to be an important prerequisite for the development
of an accurate treatment plan. This philosophy was reflected in the
ABNQ and SBNA category proposed by Morris, who suggested
that the former is difficult to achieve further improvement
through training and therefore suitable for surgical treatment,
while the latter has more potential in velopharyngeal mechanism
that could be activated by speech training (12, 18, 19). However,
there are no reliable data to support the accuracy and reliability
of Morris’ subtype classification to guide clinical treatment.

In addition, the willingness of patients with MVPI patients is
polarized. Some patients get along well with mild speech
abnormalities in daily life and are not willing to undergo surgery,
while some patients believe that their speech is close to
completely normal and hold high expectations for the last step of
treatment. Patients’ attitude and expectation also play an
important role in making treatment decisions (39, 40).

In view of the above-mentioned issues, the literatures have not
yet formed a well-recognized standard treatment standard for
MVPL The identification of MVPI from mild VPI and the
decision on corresponding management protocol are still highly
subjective. Physicians are generally suggested to develop
individualized treatment plans depending on their experience,
which obviously lacks practical guidance. The lack of evidence
for the clinical management of MVPI is the main reason for the

absent of standardized protocols.

5. Clinical intervention options for
MVPI

5.1. Speech therapy

Patients with MVPI are of their own characteristics in speech,
usually not demonstrating all the typical problems of VPI in terms
of hypernasality, emission and articulatory error, and their speech
performance may vary in coping with different speech tasks. For
example, Karnell et al. concluded that low-pressure test sentences
were more likely to induce hypernasality in patients with MVPIL.
Speech spectrum analysis likewise suggested that pressure
consonants were most likely to be abnormal in patients with
MVPI (21, 41). It has been shown that about 80% of patients
with MVPI demonstrated phonological problems (13, 21) and
their common articulation errors included vowel omission and
post-phonological articulation. Therefore, individualized speech
therapy should be design for each patient. For example, the
treatment of vowel omission should focus on target sound
elicitation, and the treatment of post-phonological articulation
should focus on moving the articulation position forward.
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In addition, Continuous Positive Airway Pressure (CPAP) has
also been used to assist speech training. Theoretically, CPAP
provides a resistance training scenario for velopharyngeal closure
and helps to strengthen the relevant muscles (42). It has been
shown that CPAP could be potentially effective in improving the
efficiency of speech training and reducing the difficulty of
eliciting target sounds (36). This instrument, however, has not
been widely employed among cleft centers. Accordingly,
publications concerning the effectiveness of CPAP in facilitating
cleft speech training are highly limited. Further studies with
decent patient volume and well-controlled design are required.

Although some small-sample studies reported good speech training
outcome in all included patients with MVPI (43-45), cases with poor
outcomes would be more valuable from the perspective of clinical
guidance. For example, it was found that MVPI patients who
responded poorly to speech therapy and required surgery
intervention tended to have articulation errors in low-pressure
speech-length sentences (21), which was consistent with the pressure-
sensitivity theory. Analysis of the prognostic factors of speech training
has significant medical-economic value and can help in the choice
between surgical and non-surgical strategies in the treatment of
MVPI. However, such relevant studies are currently scarce and the
findings of individual studies need further validation.

5.2. Surgical intervention

Surgical interventions become necessary when speech therapy
fails to correct the closure insufficiency or when the patient is
unwilling to take speech training. The surgical options for VPI after
cleft palate repair include palatal lengthening and pharyngoplasty
(46). Given the potential risk of nasal airway obstruction after
pharyngoplasty and the high velopharyngeal closure rate in patients
with MVP], palatal lengthening generally preferred.

The most widely used technique for MVPI in the literature is
the reverse double-Z approach proposed by Furlow and its
modifications (38, 47, 48). This procedure effectively lengthens
the soft palate and tightens the musculature posteriorly to
improve velopharyngeal closure. Sommerlad’s technique has also
been used in the treatment of MVPL This technique is more
radical in soft palate muscle reconstruction than the double-Z
technique (49). Mann et al. proposed to transfer the buccal
mucomuscular flap to better lengthen the soft palate and has also
been successfully used in the treatment of VPI after cleft palate
repair (50). In addition, posterior pharyngeal wall augmentation
by filling of various materials has been reported to be successful
in managing VPI but is currently not the first-line option for
MVPI treatment in most cleft centers due to the resorption,
translocation of fillers as well as related biosafety risks (51-53).

Yamaguchi et al. reported that 78.57% of 42 patients with
MVPI
procedure as
Hsu et al. reported satisfactory velopharyngeal function in 13

had complete velopharyngeal closure after Furlow

evidenced by endoscopic examination (29).
patients who underwent the Furlow procedure, with 69% of them

achieving normal resonance and 80% of them having resolution
of nasal emission (26).
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Otherwise, studies are highly limited on the outcome and
prognosis-related factors of MVPI management. Notably, the
inconsistency of diagnostic criteria for MVPI seriously affects
the comparability across studies. Clinical studies on MVPI
treatment needs to incorporate a comprehensive panel of
measurements including time-economic burden, surgical risk,
and speech benefit.

The limitations of this review must be noted. The largest
limitation is the controversial diagnostic standards employed in
different studies, which significantly debilitated the inter-study
comparability. Most studies simply provided no or vague
description on their MVPI diagnostic methods. Second, the
sample sizes are generally small in studies concerning MVPI
outcomes. Third, no study comparing different management
protocol or surgical techniques has been reported, forcing the
authors to speculate the most appropriate suggestion on several
cricical decision-making points in MVPI management. These
limitations exist throughout the discussion in this manuscript.

6. Conclusions

The diagnostic criteria and treatment protocols of MVPI are
currently controversial. Studies on variables that may influence the
outcome of speech assessment will help to clarify the mechanisms
underlying the possible discrepancy between speech performance
and velopharyngeal function. Clinicians should base their MVPI
management protocol on the most repeatable and reliable diagnostic
criteria in their institutions. Speech therapy for either diagnostic or
treatment purpose is suggested prior to surgery. Palate lengthening
is preferred over pharyngoplasty in the surgical management of
MVPI. Explorations on the prognostic factors will provide further
evidence-based guides for MVPI management.
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Case report: Hereditary sensory
autonomic neuropathy presenting
as bifid deformity to the tongue
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‘Department of Dentistry, University of Toronto, Toronto, Canada, 2Department of Dentistry, The Hospital
for Sick Children, University of Toronto, Toronto, ON, Canada

Hereditary sensory autonomic neuropathy (HSAN) is a group of rare genetic
disorders in which affected patients have a diminished capacity to feel pain.
Patients with HSAN may present with a wide range of factitial injuries, where
injury to the oral cavity may be an early presenting sign. While existing literature
on HSAN is scant, many reports highlight the long-term outcomes that may
include enucleation of eyes, amputation of fingers and limbs, and disfigurement
of the tongue. This case describes a five-month-old female with repetitive injury
to the tongue causing it to heal with a bifid deformity. The patient was later
diagnosed with HSAN type 4. This case highlights the importance of recognition
of extensive oral trauma as one of the early signs of HSAN that should provoke
a timely referral for neurological assessment.

KEYWORDS

pediatric dentistry, congenital insensitivity to pain, hereditary sensory autonomic
neuropathy, tongue ulceration, bifid deformity of the tongue

Introduction

Hereditary sensory autonomic neuropathy (HSAN) is a group of rare genetic disorders
that are characterized by the inability to perceive noxious stimuli (1). HSAN is divided into
eight subtypes based on clinical phenotype (2). The pathophysiology of HSAN has been
linked to more than 12 genes (3, 4). HSAN Type 4 is characterized by the inability to feel
pain or thermal stimuli as well as anhidrosis and intellectual disability. The pattern of
inheritance for HSAN Type 4 is autosomal recessive with approximately 50 per cent of
cases associated with parental consanguinity (5). Its prevalence is estimated to be
1/600,000-950,000 (5). Patients with HSAN are susceptible to a variety of physical injuries
that can lead to permanent disability. The clinical manifestations of HSAN generally appear
in infancy and include self-mutilating injuries to the oral cavity, eyes, and hands (6, 7).
Repetitive bone fractures can also lead to Charcot joints and osteomyelitis. Intellectual
disability, anhidrosis, and lack of olfaction are also common phenotypes (symptoms) of
HSAN. Affected children present with a higher incidence of staphylococcus aureus
infections and delayed wound healing (8). As a result of complications related to injuries
and fractures, patients with more severe presentations of HSAN rarely survive to adulthood.

There is no cure for HSAN and management is focused on the prevention of physical
injuries and the subsequent complications to those injuries. Diagnosis of HSAN early in
life coupled with increased attentiveness to injury prevention and medical surveillance
may improve long-term health and quality of life. The literature highlights the potentially
devastating effects of HSAN when affected patients are not closely followed by a medical
team. In this report, we present the case of a female infant who initially presented with
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repeated self-mutilation of the tongue and was diagnosed with
HSAN Type 4 at 10 months of age.

Case description

A 5-month female patient presented to the Emergency
Department at The Hospital for Sick Children with a chief
complaint of bleeding from the tongue. The patient was the first
child of healthy, non-consanguineous parents and had no other
comorbid conditions. The patient was born full term and her
birth height and weight were within normal limits. The parents
reported that the child’s first four months of life were uneventful
until her primary mandibular incisor teeth erupted.

Clinical examination revealed partially erupted mandibular
primary central incisors as well as a large ulceration on the ventral
surface with significant tissue loss at the midline (Figure 1). The
dorsal surface of the tongue was within normal limits. The child
was eating and feeding normally. A provisional diagnosis of
traumatic ulcerative granuloma with stromal eosinophilia was
made at the time of the emergency department assessment.

The parents were provided with recommendations for non-
invasive management of the tongue ulcerations such as using a
pacifier to prevent the tongue from interfering with the teeth and
changes to how the infant was fed to avoid trauma to the
tongue. Reduction of the incisal edge of the incisors or
application restorations were offered as temporary solutions with
low likelihood of success. Intraoral appliances such as bite guards
and splints have been used in patients with pathological chewing
secondary to brain trauma (9). In this case, secure retention of
the appliance would be compromised by the very small number

FIGURE 1
Intraoral photo showing ulceration of the tongue following the eruption
following the eruption of the mandibular primary central incisors.

10.3389/fdmed.2023.1179795

of teeth to aid with mechanical retention of a bite guard or
splint. Extraction of the mandibular incisors was discussed but
the parents opted for modifications to nursing bottles, pacifier
use and follow-up in the Dental Clinic in one-week.

No apparent signs of healing were noted at the one-week
follow-up (Figure 2). The parents reported that the patient did
not appear to be in pain and was still feeding and sleeping
normally. A diagnosis of Riga Fede disease was made. Riga Fede
disease (syndrome) is “an ulceration of the ventral surface of the
tongue, often caused by repetitive traumatic injuries due to
backward and forward movements of the tongue over the
mandibular anterior incisors” (10). Extraction of the mandibular
primary central incisors was recommended. The parents declined
extraction in anticipation of laboratory results from their child’s
pediatrician who had undertaken blood work to assess for
underlying medical conditions.

Four weeks after the initial emergency room visit, after the
blood work was determined to be normal, the parents consented
to the extraction of the mandibular primary central incisors. A
week postoperatively, the extraction site healing was uneventful,
and the tongue ulceration demonstrated signs of resolution. A
midline defect involving the tip of the tongue was noted
(Figure 3). The parents were cautioned that further trauma to
the tongue was likely to occur with the eruption of additional teeth.

Three months later, the patient presented to the Dental Clinic
with partially erupted maxillary central and mandibular lateral
primary incisors. A new traumatic tongue ulcer measuring
0.5 cm on the right dorsal surface and tip of the tongue as well
as buccal ulcerations were present (Figure 4). The parents
declined extractions at this time. Given the extent and recurrent

FIGURE 2
Intraoral photo of the tongue showing
tongue at the one-week follow-up visit.

persistent ulceration of the

Frontiers in Dental Medicine

75

frontiersin.org


https://doi.org/10.3389/fdmed.2023.1179795
https://www.frontiersin.org/journals/dental-medicine
https://www.frontiersin.org/

O’'Hagan-Wong et al.

FIGURE 3
Intraoral photo showing the permanent bifid deformity of tongue
healing four weeks after the extraction of mandibular primary incisors.

FIGURE 4
Intraoral photo of recurrent ulcerations on the tongue and buccal
mucosa following eruption of posterior primary molars.

nature of the oral injuries, the patient was referred for neurological
testing.

The Division of Neurology administered sensory testing and a
nerve conduction study. The resultant report indicated that the
patient had a decreased response to temperature and decreased
response to electrical shock. The sympathetic skin response was
also abnormal. A provisional diagnosis of hereditary sensory and
autonomic neuropathy was made and genetic testing
recommended. A molecular HSAN genetic testing demonstrated
that the patient had two pathological variants in the NTRKI gene
(c.2066C>T (p.Pro689Leu), ¢.851-33T>A (intronic) compound

heterozygous), resulting in faulty or deficient neurotrophic

Frontiers in Dental Medicine
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tyrosine receptor type 1. This protein is found on certain cells,
especially nerve cells that transmit pain, temperature, and touch
sensations. These genetic results are consistent with a diagnosis
of HSAN type 4. Due to the autosomal recessive nature of the
disease, genetic testing was also performed on the parents to
confirm carrier status. The parents were informed of the other
clinical manifestations of the disease including intellectual
disability, anhidrosis, and decreased lacrimation. The patient was
10 months of age when the diagnosis of HSAN Type 4 was made.

Shortly after the diagnosis of HSAN Type 4, the parents
consented to extractions of the mandibular primary lateral
incisors. The parents expressed concern over the esthetic
appearance of the bifid tongue and whether it would interfere
with their child’s speech. The patient was referred to the Division
of Plastic Surgery for consultation with regard to surgical
correction of the tongue deformity. Due to the risk of continued
traumatic injury to the tongue with eruption of additional
primary teeth, it was recommended that correction be deferred
until the child is 5-6 years of age.

The parents indicated that no other injuries, bruises, or cuts
were noted anywhere else on the patient’s body. The patient’s
developmental milestones were all normal and no signs of
intellectual deficits or developmental delay were noted.
Assessment in the Department of Ophthalmology detected no
traumatic eye injuries. Currently, the patient’s parents have
declined further extractions. Follow-up appointments continue.

Discussion

HSAN Type 4 is a rare genetic disorder which is characterized
by the impairment of pain sensation leading to self-mutilating
behaviors. This case of HSAN Type 4 was diagnosed at 10
months of age after repeated episodes of self-mutilation to the
tongue. Following the eruption of primary incisors, the patient
repeatedly traumatized the tongue causing it to heal with a bifid
deformity, which to our knowledge has not yet been previously
reported. It is important to note that during periods of extensive
tongue ulceration, the patient did not appear to show any signs
of discomfort or difficulty feeding. This lack of reaction to such
severe oral injuries should prompt the clinician to pursue further
clinical investigations specifically neurological assessment.

Initially, this patient’s oral condition was managed primarily as
Riga Fede disease. Dental interventions to prevent Riga Fede
disease referenced in the literature include smoothing sharp
edges of teeth, placement of composite resin or other restorative
materials to sharp edges of teeth, intraoral appliances (such as
mouth guards), and extraction of primary teeth (9).

It is plausible that earlier extraction of the mandibular primary
central incisors may have mitigated the damage to the tongue.
Although recommended on multiple occasions, the family
declined extractions. Studies that examined parental decision-
making preferences of ill children suggests that parental
perception of urgency can sometimes differ from that of the
medical team. Specifically, when a child is given a significant
medical diagnosis, the parent is more likely to view treatment
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and management as urgent (11). Therefore, it is plausible to infer
that the parents may have consented to definitive treatment options
if the diagnosis of HSAN was made earlier.

At present, the tongue cleft defect is being monitored by the
Division of Plastic Surgery and will be surgically repaired when
the patient is at an age when she is less likely to re-traumatize
the tongue. The surgical correction of median tongue clefts can
yield satisfactory result in cases of congenital tongue clefts (12).
The outcome for remediation of a traumatically induced tongue
cleft deformity is not certain.

The strength of this current case report lies in the relatively
early diagnosis of this rare syndrome. The diagnosis of HSAN at
ten months of age prompted dental interventions paired with
routine follow up visits with dentistry, ophthalmology, and
occupational therapy for counselling and injury surveillance, with
the hope of preventing long term complications of the disease.
Limitations of this report include no long-term follow up of this
case to build on the success of her dental and oral growth and
general development. There is no single consensus on the dental
management best practices for patients with HSAN. The limited
pool of patients with HSAN creates an obstacle for clinicians to
offer a consensus on the most suitable treatment options.

Conclusion

To our knowledge this case is the first describing a bifid tongue
as a presenting feature of HSAN4. Oral trauma is one of the earliest
symptoms of the disease and pediatric dentists may be one of the
first healthcare providers to assess the condition. Early diagnosis
of HSAN may potentially allow for interventions that mitigate
more extensive injuries.
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