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Abstract

Background Craniosynostosis (CS), premature fusion of one or more cranial sutures, leads to abnormal skull develop-
ment, impacting both facial esthetics and oral function. This study aimed to evaluate the specific orofacial and oral
health characteristics, including masticatory performance, in Thai patients with CS.

Methods A comparative study was conducted with Thai CS patients aged 6-17 years and a control group of healthy
individuals with similar age distribution. Assessments included craniofacial morphology, oral health status, and masti-
catory performance. Intergroup comparisons utilized appropriate statistical tests.

Results The study included 24 CS patients with a mean age of 10.11+2.98 years and 30 controls. CS patients exhib-
ited a significantly higher prevalence of various oral conditions compared to controls: cleft palate (20.8%), anterior
open bite (41.7%), anterior crossbite (54.2%), posterior crossbite (50%), combined anterior—posterior crossbite (45.8%),
dental crowding in both maxilla and mandible (50% and 45.8% respectively), congenitally missing teeth (50%), super-
numerary teeth (12.5%), and eruption failure (54.2%). Furthermore, CS patients exhibited significantly higher caries
prevalence and susceptibility, alongside poorer oral hygiene, compared to controls. Regarding jaw relationships, CS
patients exhibited a significantly higher proportion of Angle’s Class Ill malocclusion (50%) compared to the control
group, where Class | malocclusion was predominant (50%). Masticatory performance, assessed using the two-color
gum mixing ability test, showed significantly higher hue variance in CS patients (0.12+0.07) compared to the control
group, indicating reduced chewing performance.

Conclusion This study underscores the significant orofacial and oral health challenges faced by children with CS,
including a high prevalence of malocclusions, dental anomalies, elevated caries experience, and compromised masti-
catory function. These findings emphasize the importance of tailored interventions and comprehensive oral health-
care strategies to address the unique needs of this population and improve their overall quality of life.
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Introduction

Craniosynostosis (CS) is a pathological condition char-
acterized by the untimely fusion of one or more cranial
sutures. The premature fusion of these sutures disrupts
the natural growth patterns of the cranium, resulting in
aberrant cranial morphology [1]. This deformity may
lead to a spectrum of complications, including height-
ened intracranial pressure, developmental delays, and
especially potential perturbations in cerebral and facial
growth [2]. CS can be influenced by both genetic and
environmental factors. Genetic variants implicated in
CS have been identified in the genes encoding fibroblast
growth factor receptors (FGFRs), EFNBI, as well as the
transcription factors TWIST and MSX2 [3]. Advanced
paternal age, maternal thyroid disorder, cigarette smok-
ing, alcohol consumption, and maternal use of antide-
pressant medication are among the factors implicated
in the development of CS [1, 4].

The prevalence of CS in the global population is esti-
mated to be 1 in every 2,100-2,500 live births and has
been increasing [5]. CS anomalies can be observed in
individuals of diverse nationalities, spanning vari-
ous geographic regions, and irrespective of socio-
economic status. It can manifest as either an isolated
anomaly (non-syndromic CS) or as part of a syndrome
(syndromic CS) associated with other developmental
anomalies.

CS patients often exhibit facial manifestations
encompassing midface hypoplasia, facial asymmetry,
malocclusion, and dental crowding [6]. The severity
of the condition varies depending on several factors,
including the quantity and location of the affected cra-
nial sutures, along with the individual’s distinctive ana-
tomical characteristics. Craniofacial and oral issues
such as class III malocclusions, supernumerary teeth,
and tooth agenesis can present challenges in maintain-
ing oral hygiene and elevate the risk of various oro-
dental pathologies [7-11]. Specifically, these issues can
contribute to the development of dental caries, perio-
dontal deterioration, and oral infections. Dental plaque
deposits and periodontal attachment loss in the poste-
rior teeth are common in CS patients [12]. The altered
cranial and facial structures may also affect masticatory
performance. Despite various studies on CS, there is
still a notable gap in our understanding of the cranio-
oro-facial characteristics and masticatory performance
in Thai CS patients. Therefore, the aims of this study
were to investigate the craniofacial, orodental, and
oral health features of these patients, creating a valu-
able database for CS patients. Additionally, the study
sought to gain an understanding of how synostosis fea-
tures relate to patients’ chewing ability and overall oral
health.
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Materials & methods

Patient recruitment and ethical considerations

Thai subjects with CS enrolled at the Hospital Crani-
ofacial Center participated in this study. The participants’
ages ranged from 6-17 years old. This study received
ethical approval from the Institutional Review Board,
Faculty of Medicine, Chulalongkorn University (COA
no. 1348/2021, Approval date October 6, 2020) and in
accordance with the 1964 Helsinki declaration and its
later amendments. All participants and/or their legal
guardians provided written informed consent for partici-
pation in the study and publication of their data.

The study cohort consisted of fifty-four participants
(24 CS patients and 30 controls), comprising 30 females
(55.6%) and 24 males (44.4%). The average age at the ini-
tial visit was 10.11 years old, with a standard deviation
(SD) of 2.98 years. Patients with CS (n=24) were classi-
fied into two groups: syndromic and nonsyndromic CS,
according to clinical examination, genetic testing, imag-
ing, and/or family history. The clinical diagnoses encom-
passed syndromic CS (14 patients), including Apert
syndrome, Craniofrontonasal dysplasia, Pfeiffer syn-
drome, and Crouzon syndrome, as well as non-syndro-
mic CS (10 patients), including coronal CS, lambdoid CS,
and multiple suture CS. The details of each CS patient are
shown in Table 1.

Variables collected/recorded

The subjects’ demographic data were collected from their
medical records. For primary teeth, the dmft index is cal-
culated by summing the number of decayed (d), missing
(m), and filled (f) teeth after a clinical examination by a
trained dentist. For permanent teeth, the DMFT index is
calculated similarly by summing the decayed (D), miss-
ing (M), and filled (F) teeth. The DMFS index for per-
manent teeth is derived by summing the decayed (D),
missing (M), and filled (F) surfaces of each tooth, while
the dmfs index for primary teeth is calculated by sum-
ming the decayed (d), missing (m), and filled (f) surfaces.
The Simplified Oral Hygiene Index (OHI-S) was used to
record oral health status [13]. The index comprises two
components: the Debris Index (DI-S) and the Calculus
Index (CI-S), both scored on a scale of 0 to 3 for each of
the six tooth sextants. The OHI-S score is calculated by
adding the DI-S and CI-S scores and dividing by 6, result-
ing in a range from 0 to 6. A lower score indicates better
oral hygiene. Additionally, caries risk assessment, which
measured biological, protective, and clinical factors to
determine high, moderate, or low risk [14], and classifi-
cation of dental malocclusion based on Angle’s classi-
fication, were performed. The tooth numbering system
utilized followed The Federation Dentaire Internationale
(FDI) Numbering System. The intra-observer reliability
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Table 1 Details of each patient with craniosynostosis (CS)
Patients Clinical diagnoses Syndromic (S) or Gender Age at
Non-syndromic (NS) initial visit
(years)
CSA1 Right coronal craniosynostosis NS Female 7
CS-2 Apert syndrome S Female 7
CS-3 Apert syndrome S Male 10
CS-4 Frontonasal syndrome with left coronal craniosynostosis S Male 6
CS-5 Apert syndrome S Female 15
CS-6 Craniofrontonasal dysplasia with coronal craniosynostosis S Female 10
Cs-7 Pfeiffer syndrome S Male 7
Cs-8 Lambdoid craniosynostosis NS Male 7
CS-9 Bilateral coronal craniosynostosis NS Female 8
CS-10 Microcephaly with bilateral coronal craniosynostosis NS Female 9
Cs-1 Multiple sutures craniosynostosis NS Female 14
CS-12 Right coronal craniosynostosis NS Female 10
CS-13 Left coronal craniosynostosis NS Male 10
CS-14 Right coronal craniosynostosis NS Female 8
CS-15 Pfeiffer syndrome S Male 9
CS-16 Crouzon syndrome S Male 10
CSs-17 Crouzon syndrome S Female 10
CS-18 Apert syndrome S Male 12
CS-19 Multiple sutures craniosynostosis NS Female 6
CS-20 Crouzon syndrome S Male 13
CS-21 Multiple sutures craniosynostosis S Male 6
CS-22 Multiple sutures craniosynostosis NS Female 8
CS-23 Pfeiffer syndrome S Male 17
CS-24 Craniofrontonasal dysplasia with coronal craniosynostosis S Female 8

test was conducted by re-evaluating 10 randomly selected
participants for OHI-S, DMFT/dmft, and DMFS/dmfs at
a minimum interval of two weeks. The intraclass corre-
lation coefficient demonstrated a value of 0.997 (95% CI
0.995-0.998), signifying excellent agreement.

Masticatory performance

The two-color chewing gum mixing ability test was
employed for evaluating masticatory performance. The
chewing gum used in this study was Hubba-Bubba Tape
Gum (WM. Wrigley Jr. Company, Chicago, USA). Each
specimen was prepared from ‘azure’ (sour berry flavor)
and ‘pink’ (fancy fruit flavor) gum. Strips measuring
30 mm in length were precisely cut from both colored
gums and manually affixed together [15]. Each partici-
pant was instructed to chew a piece of fresh gum for
20 cycles. Subsequently, the chewed gum was care-
fully placed in a labeled plastic bag and compressed
into 1-mm thick wafers. Both sides of the wafers
were scanned using a flatbed scanner (Brother MFC-
J2330DW Multifunction Inkjet Printer and Scanner) on
the day it was chewed, and the resulting images were

analyzed using the ViewGum®© software. This software
quantified the standard deviation of hue or the vari-
ance of hue histogram, which has been established as
a reliable and optimal method for evaluating mastica-
tory performance [16]. The intra-examiner reliability of
the masticatory performance test was determined to be
0.996 (95% CI 0.982-0.999), indicating a high level of

agreement.

Statistical analysis

The statistical analyses were performed using IBM
SPSS for Windows version 22.0 (IBM; Armonk, NY,
USA). The significance level was set at p-value <0.05.
The data were evaluated for a normal distribution
using the Shapiro—Wilk test. Differences in proportion
between the case and control groups were analyzed
using the Chi-square test or Fisher’s exact test. Differ-
ences in the quantitative variables between the case and
control groups were accessed using the Mann—Whitney
U test or independent ¢-test.
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Results

The intraoral examinations conducted on patients with
CS revealed that 20.8% (5/24) presented with a cleft
palate (Fig. 1A), 41.7% (10/24) with an anterior open-
bite (Fig. 1B), 54.2% (13/24) with an anterior cross-
bite (Fig. 1C), 50% (12/24) with a posterior crossbite
(Fig. 1D), and 45.8% (11/24) with both anterior—poste-
rior crossbite. Tooth crowding in the maxilla (Fig. 1E)
and in the mandible (Fig. 1F) was evident in 50% (12/24)
and 45.8% (11/24) of the patients, respectively (Table 1).
Congenital missing teeth (Fig. 1G) were detected in

Cleft palate

Posterior crossbite

. n"}‘,"« 9

cs-18

Fig. 1 Intraoral features and radiographic images of craniosynostosis (CS)

Failure of tooth eruption
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50% (12/24), supernumerary teeth in 12.5% (3/24), and
a failure of tooth eruption (Fig. 1H) in 54.2% (13/24) of
the CS patients. Conversely, the control group of healthy
individuals did not exhibit any of the aforementioned
intraoral findings.

The OHI-S score of the CS patients was 1.92+0.84
(Table 2 and Fig. 2A, B), while the OHI-S score of the
controls was 1.32+0.67. The OHI-S score was statisti-
cally higher in the CS patients compared to the control
group, suggesting poorer oral hygiene practices among
CS patients. Caries prevalence was also found to be

Anterior prossbite

patients. A A 10-year-old boy diagnosed with Apert syndrome (CS-3)

showed cleft palate. B A 7-year-old girl with Apert syndrome (CS-2) manifested anterior openbite due to underdeveloped maxilla. C A 10-year-old
boy with Crouzon syndrome (CS-16) demonstrated anterior crossbite. D A 6-year-old boy with multiple sutures CS (CS-21) exhibited posterior
crossbite. E A 12-year-old boy with Apert syndrome (CS-18) had maxillary dental crowding. F A 15-year-old girl with Apert syndrome (CS-5)
manifested mandibular dental crowding. G Panoramic film of A 9-year-old girl with Apert syndrome (CS-2) exhibited congenital missing lower
lateral incisor teeth (arrows). H Panoramic film of a 15-year-old girl with Apert syndrome (CS-5) showed failure of tooth eruption (arrow). I Lateral
cephalogram of a 10-year-old girl with Crouzon syndrome (CS-17) demonstrated Class Il maxillomandibular relationship
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Table 2 Characteristics of the CS patients and controls

Characteristics Total (&) Control p-value
(N=54) (N=24) (N=30)
Age (year), mean +SpP 10.11+2.98 9.50+2.99 10.60+2.92 0.138
Sex, N (%)©
Male 24 (44.4%) 11 (45.8%) 13 (43.3%) 0.854
Female 30 (55.6%) 13 (54.2%) 17 (56.7%)
Cleft palate, N (%)" 5(9.3%) 5(20.8%) 0 (0%) 0.013*
Anterior openbite, N (%)d 10 (18.5%) 10 (41.7%) 0 (0%) <0.001*
Anterior crossbite, N (%)© 3(24.1%) 3 (54.2%) 0 (0%) <0.001*
Posterior crossbite, N (%)° 12 (22. 2%) 2 (50%) 0 (0%) <0.001*
Anterior-Posterior crossbite, N (%) 11 (20.4%) 11 (45.8%) 0 (0%) <0.001*
Dental crowding, N (%)
Maxillary arch® 12 (22.2%) 12 (50%) 0 (0%) <0.001*
Mandibular arch® 11 (20.4%) 11 (45.8%) 0 (0%) <0.001*
Congenital missing teeth, N (%) *¢ 12 (22.2%) 12 (50%) 0 (0%) <0.001*
Supernumerary teeth, N (%) ad 3 (5.6%) 3(12.5%) 0 (0%) 0.082
Failure of tooth eruption, N (%)*¢ 13 (24.1%) 13 (54.2%) 0 (0%) <0.001*
Oral hygiene status
OHI-S, mean +SD¢ 1.58+0.80 1.92+0.84 1.32+067 0.005*
Caries prevalence
dmft, N (%)° <0.001*
dmft=0 29 (53.7%) 6 (25.0%) 23 (76.7%)
dmft>0 25 (46.3%) 18 (75.0%) 7(23.3.%)
DMFT, N (%) <0.001*
DMFT=0 36 (66.7%) 10 (41.7%) 26 (86.7%)
DMFT>0 18 (33.3%) 14 (58.3%) 4(13.3%)
dmfs, N (%)¢ <0.001*
dmfs=0 29 (53.7%) 6 (25.0%) 23 (76.7%)
dmfs>0 25 (46.3%) 18 (75.0%) 7 (23.3%)
DMFS, N (%) <0.001*
DMFS=0 36 (66.7%) 10 (41.7%) 26 (86.7%)
DMFS>0 18 (33.3%) 14 (58.3) 4(13.3%)
Caries risk assessment, N (%)°
High risk 15 (27.8%) 12 (50%) 3(10%) <0.001*
Moderate risk 16 (29.6%) 10 (41.7%) 6 (20%)
Low risk 23 (42.6%) 2 (8.3%) 21 (70%)
Maxillomandibular dental relationship, N (%)
Angle’s Class | 39 (72.2%) 12 (50%) 27 (90%) <0.001*
Angle’s Class Il 2 (3.7%) 0 (0%) 2 (6.7%)
Angle’s Class Il 13 (24.1%) 12 (50%) 1(3.3%)

dmft decayed, missing, and filled primary teeth, DMFT decayed, missing, and filled permanent teeth, dmfs decayed, missing, and filled surface in primary teeth, DMFS
decayed, missing, and filled surface in permanent teeth

2The data was derived from panoramic radiographs

b Differences between case and control groups, analysed by the Mann-Whitney U test
¢ Differences between case and control groups, analysed by the Chi-square test

9 Differences between case and control groups, analysed by the Fisher’s exact test

¢ Differences between case and control groups, analysed by the independent t-test

" Significant difference (p < 0.05)
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Oral hygiene status

Fig. 2 Oral health status of CS patients. A A 15-year-old girl diagnosed with Apert syndrome (CS-5) exhibited poor oral hygiene status. B
A 13-year-old boy with Crouzon syndrome (CS-20) had fair oral hygiene status. C A 6-year-old boy with multiple sutures CS (CS-21) showed high
dental caries prevalence. D A 10-year-old boy with Apert syndrome (CS-3) had high dental caries prevalence

significantly higher in the CS patient group. This was
evident across various dental caries indices, including
dmft, DMFT, dmfs, and DMFS (Table 2 and Fig. 2C, D).
The numbers of CS patients who exhibited dmft, DMFT,
dmfs, and DMFS >0 were 75.0% (18/24), 58.3% (14/24),
75.0% (18/24), and 58.3% (14/24), respectively, while
those of the controls were 23.3% (7/30), 13.3% (4/30),
23.3% (7/30), and 13.3% (4/30), respectively. A statisti-
cally significantly higher proportion of CS patients fell
into the high caries prevalence category (dmft, DMFT,
dmfs, and DMFS>0) compared to controls. Detailed
information on the distribution and descriptive statistics
of caries prevalence were shown in Supplementary Tables
S1and S2.

Regarding caries risk assessment, 50% (12/24) of the
CS cases exhibited a high caries risk, 41.7% (10/24)
demonstrated a moderate caries risk, and 8.3% (2/24)
had a low risk. Conversely, a high caries risk was found
in 10% (3/30), a moderate risk in 20% (6/30), and a low
risk in 70% (21/30) in the controls (Table 2). These find-
ings underscore the high-moderate caries risk in the CS
cases, which is higher compared to the control group
(p<0.001).

Considering the maxilla-mandibular dentition relation-
ship, 50% (12/24) of the CS cases demonstrated Angle’s
Class I, while the remaining 50% displayed Angle’s Class
III (Fig. 11, Table 2). Notably, no CS cases presented

Angle’s Class IL. In contrast, the control group showed a
different distribution, with 90% (27/30) exhibiting Angle’s
Class I, 6.7% (2/30) having Angle’s Class II, and 3.3%
(1/30) with Angle’s Class III. These findings emphasise
the notable difference in the maxillomandibular denti-
tion relationship between the CS patients and the healthy
individuals. Furthermore, it suggests that the CS patients
have a higher likelihood of experiencing a deviated max-
illa-mandibular tooth relationship, particularly Class III
malocclusion compared to the control group (p <0.001).

Several orodental abnormalities observed in the CS
patients were significantly more pronounced compared
with the healthy subjects (Table 2). These defects com-
prised 1) cleft palate (»p=0.013), 2) anterior openbite
(p<0.001), 3) anterior crossbite (p<0.001), 4) poste-
rior crossbite (p<0.001), 5) anterior—posterior crossbite
(p<0.001), 6) maxillary teeth crowding (p<0.001), 7)
mandibular teeth crowding (p<0.001), 8) congenital
missing teeth (p<0.001), 9) failure of tooth eruption
(p<0.001), and 10) maxillomandibular dental relation-
ship (p <0.001).

Moreover, the orodental problems were also sig-
nificantly higher in the CS patients, compared with
the controls. These consisted of 1) OHI-S (p=0.005),
2) dmft (p<0.001), 3) DMFT (p<0.001), 4) dmfs
(»p<0.001), 5) DMFS (p<0.001), and 6) caries risk
assessment (p<0.001), However, age, sex, and the
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presence of supernumerary teeth were not significantly
different between the CS cases and the controls. The
characteristics of the CS patients and the controls are
summarized in Table 2.

Masticatory performance was assessed using the two-
color chewing gum mixing ability test, with the score
of the test representing the variance of hue (VOH). The
mean score in the CS patients was 0.12 +0.07 (Table 3),
while the mean score in the control group was
0.06 £0.04. The comparison between the patient and
control groups revealed a significant difference in mas-
ticatory performance (Mann—Whitney U test p <0.001,
Fig. 3). The VOH in the CS patient group was higher
than in the control group.

Table 3 Assessment of masticatory performance in CS patients
and controls

Patients Variance of Hue Controls Variance of Hue
CS-1 0.04 CT-1 0.06
CS-2 0.14 CT-2 0.05
cs-3 0.19 CT-3 0.05
CS-4 0.18 CT-4 0.18
CS-5 0.15 CT-5 0.05
CS-6 0.09 CT-6 0.04
cs-7 032 CT-7 0.04
Cs-8 0.13 CT-8 0.07
CS-9 0.05 CT-9 0.05
CS-10 0.06 CT-10 0.07
CS-11 0.07 CT-11 0.06
CS-12 0.12 CT-12 0.06
CS-13 0.05 CT-13 0.02
CS-14 0.07 CT-14 0.10
CS-15 0.23 CT-15 0.07
CS-16 0.14 CT-16 0.04
Cs-17 0.21 CT-17 0.17
CS-18 0.17 CT-18 0.04
CS-19 0.07 CT-19 0.04
CS-20 0.13 CT-20 0.05
CS-21 0.06 CT-21 0.04
CS-22 0.03 CT-22 0.05
CS-23 0.03 CT-23 0.03
CS-24 0.08 CT-24 0.04
CT-25 0.04
CT-26 0.04
CT-27 0.03
CT-28 0.02
CT-29 0.04
CT-30 0.03
Mean+SD 0.12+0.07 0.06+0.04
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Discussion

This study demonstrated distinctive orodental features
and variations in oral health status and masticatory
performance in Thai individuals with craniosynostosis.
Those included cleft palate, anterior openbite, anter-
oposterior crossbite, maxillary-mandibular teeth crowd-
ing, congenital missing teeth, failure of tooth eruption,
poor oral hygiene status, high prevalence of dental car-
ies, elevated caries risk, and Class III malocclusion. The
untimely fusion of the coronal, sagittal, and metopic
sutures, combined with synostosis of the cranial base,
contributes to the manifestation of sagittal and transverse
maxillary underdevelopment [17]. Intraorally, this was
observed through the presence of an anterior open bite,
anterior and posterior crossbite, and crowding. Addition-
ally, a narrow and elevated palatal arch was notable [18].
The concurrence of midface hypoplasia and regular man-
dibular growth gives rise to a Class III malocclusion in
CS patients [19]. These features were found significantly
more often compared with those observed in healthy
Thai children. However, the presence of supernumer-
ary teeth was not significantly different between the CS
patients and the control group. This observation suggests
that the presence of supernumerary teeth in individuals
with CS may vary and be attributed to complex genetic
and developmental factors.

The findings of this study were consistent with the
results of a prior study showing that cleft palate is a com-
mon phenotypic feature found in individuals with Apert
syndrome [20]. An anterior openbite and anterior—poste-
rior crossbite were common features observed in patients
with syndromic CS, including Muenke, Crouzon, Pfief-
fer, and Apert syndromes [9]. Maxillary hypoplasia can
lead to an imbalance between the maxilla and mandi-
ble, resulting in skeletal discrepancies and significant
dental crowding [21]. In 2009, Nieminen demonstrated
that congenital missing teeth were consistent findings
in patients with syndromic CS [22]. The abnormal max-
illa-mandibular relationship observed in CS patients in
this study aligns with a previous study, which showed
that alterations in the growth of the anterior and poste-
rior cranial bases can influence the skeletal relationship
between the maxilla and mandible [23].

The high prevalence of Class III malocclusions (50%),
cleft palate (20.8%), and anterior open bite (41.7%) in
our samples suggests that a significant proportion of
these patients, who are likely to have an Index of Orthog-
nathic Functional Treatment Need (IOFTN) score of 4
or 5, may require orthognathic surgery to address func-
tional and aesthetic concerns [24, 25]. The sample group
in this study, despite presenting with craniofacial syn-
dromes, remains in the developmental phase of jaw and
facial growth. These individuals also exhibit complex
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Masticatory performance
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Fig. 3 The masticatory performance of CS patients using the ViewGum®© software. The software presented two scanned images of a piece

of chewing gum that had undergone 20 chewing cycles, providing views of both sides of the flattened gum. The images were annotated

and depicted with distinct yellow dots, while red dots were employed to indicate the background. Subsequently, the software delineated the gum
area and displayed a compact thumbnail image below the primary visuals to visually represent this segmented region. CT, control
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craniofacial deformities and other syndromic anomalies
that necessitate a specialized, multidisciplinary approach
involving craniofacial surgeons, neurosurgeons, ortho-
dontists, and plastic surgeons. The IOFTN scoring sys-
tem was not utilized in this study; however, applying this
measure in future studies involving older individuals with
craniofacial anomalies could provide valuable insights
into the specific orthognathic needs of this population.
The OHI-S of the CS patients was significantly higher
than those of healthy children and exceeded the scores
reported in the 8th Thai National Oral Health Survey
2017 [26]. This finding supports the notion that the CS
patients are more prone to poor oral hygiene, consist-
ent with previous studies that found a significant differ-
ence between the CS group and control in plaque score
[27]. Many individuals affected by craniofacial deformi-
ties require comprehensive dental treatment due to
the presence of malocclusion, suboptimal oral hygiene,
and reduced salivary flow rates, which may lead to the
occurrence of dental caries and periodontal disease [28].
Mufalo et al. observed that in all syndromic CS cases,
posterior teeth consistently showed elevated mean prob-
ing depths and greater loss in clinical attachment level.
[[12]] Moreover, a higher prevalence of dental caries was
observed in individuals with cleft lip and/or cleft palate,
which correlated to previous studies [29, 30]. Dalben et al.
found that, based on the high prevalence of dental anom-
alies in CS patients, dental practitioners should provide
comprehensive care to these individuals [31]. Patients
with CS frequently present with distinct oral health con-
ditions that can potentially elevate their susceptibility to
dental caries and periodontal diseases [32]. Our findings
revealed several factors contributing to the increased
susceptibility of CS patients to food debris accumulation.
These factors include cleft palate, anterior crossbite, pos-
terior crossbite, and dental crowding, all of which pose
challenges in maintaining adequate oral hygiene. Beyond
the accumulation of debris, CS patients often face addi-
tional obstacles in removing accumulated debris due to
various factors, including neurological damage, reduced
visual acuity, impairment of the cleaning function per-
formed by the tongue, motor impairment for correct
manual hygiene, and reduced salivary flow. These chal-
lenges further complicate their oral health management.
Additionally, CS patients often exhibit dentofacial abnor-
malities, such as midface hypoplasia, maxillary constric-
tion, and facial imbalance, which further elevate the risk
of developing dental cavities and gingival inflammation.
Masticatory performance may also be impaired by mal-
occlusion, abnormal orofacial myofunctional status, and
craniofacial deformities, correlations supported by prior
studies [33-36]. However, the impact of dentofacial
deformities on masticatory function is still debatable, and
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the evidence is not conclusive [37, 38]. These deformi-
ties can lead to reduced muscle strength, uncoordinated
and asymmetrical movements, and uncoordinated func-
tion of the tongue during chewing. Additionally, reduced
salivary flow, which plays a crucial role in oral lubrication
and cleansing, can negatively impact chewing efficiency
and overall oral health.

Several methods can be utilized to evaluate mastica-
tory performance with the comminution test being con-
sidered the gold standard [39]. Other methods include
color-changeable chewing gum [40] and the two-color
chewing gum mixing ability test. To assess masticatory
performance, this study employed the two-color chewing
gum mixing ability test due to its established reliability,
validity, and feasibility in previous research [15, 16]. The
protocol was based on the foundational work by Hala-
zonetis et al.[41] Analysis involved VOH as a quantitative
parameter for evaluating color mixing within images of
the chewed gum. Higher VOH values indicate inadequate
mixing and, consequently, reduced masticatory perfor-
mance, while lower values signify a more homogenous
blend of colors and better chewing performance. [16]
While the comminution test remains a gold standard, it
presented significant challenges for our study population,
which included individuals with severe syndromic con-
ditions and potential dysphagia. The two-color chewing
gum mixing ability test offered several advantages in this
context. First, the chewing gum does not cause particle
comminution or the formation of a food bolus, making
this methodology potentially safer for our participants
with dysphagia. Second, many children are more famil-
iar with bubble gum compared with paraffin wax or sili-
cone, which may lead to more accurate results, especially
in children and special needs patient populations. Addi-
tionally, the Hubba-Bubba Tape Gum types used in the
test are widely accessible compared with color-changea-
ble chewing gum, which may only be available in certain
countries. Despite these advantages, the Hubba-Bubba
Tape Gum is not sugar-free, necessitating a water rinse
after chewing to prevent dental demineralization. Fur-
thermore, the test may not be practical for severe syn-
dromic patients who have dysphagia conditions, a high
risk of aspiration, or who are uncooperative during the
procedure.

The study has certain limitations that should be
acknowledged. First, the patient population was limited
to individuals treated exclusively at the King Chulalong-
korn Memorial Hospital, which may introduce bias and
limit the generalizability of the findings to other popu-
lations treated elsewhere or with different nationali-
ties. Second, a larger sample size would be desirable for
increased statistical power and generalizability. Future
multicenter studies could facilitate the recruitment of a
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larger and more diverse sample, potentially enabling the
detection of smaller effect sizes and enhancing the gen-
eralizability of the findings. Third, data collection from
the patients was challenging and time-consuming, which
may introduce potential errors or limitations in the data
obtained. Fourth, the assessment of masticatory perfor-
mance and ability in this study might only reflect cer-
tain aspects of the patients’ overall masticatory function,
and additional measures or comprehensive evaluation
methods could provide a more complete understanding
of their masticatory abilities. To address these limita-
tions and further enhance our knowledge about patients
with this condition, future research should consider
incorporating additional genetic investigations to bet-
ter understand the underlying mechanisms, conducting
multi-centered studies to increase the sample size and
diversity of the patient population, and incorporating
comprehensive evaluation methods to provide a more
comprehensive assessment of masticatory functions.

To conclude, this study revealed that the CS patients
exhibited various craniofacial manifestations, includ-
ing midface hypoplasia, facial asymmetry, malocclusion,
and dental crowding, which contributed to oral hygiene
difficulties and increased the risk of dental caries, peri-
odontal issues, and oral infections. The CS patients also
presented with a higher prevalence of orodental prob-
lems, such as cleft palate, openbite, crossbite, dental
crowding, congenital missing teeth, and failure of tooth
eruption compared with the control group. Masticatory
performance was significantly lower in the CS patients
compared with the control group. The presence of crani-
ofacial complications in the CS patients emphasizes the
need to address these issues to mitigate oral health risks
and ensure proper dental management.
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