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Abstract
Objectives Aberrant growth of the maxillomandibular complex in patients with cleft lip and/or palate (CL/P) can be managed with
dentofacial orthopaedics. However, no consensus has been reached regarding timing and evolution of the maturational stages.
Therefore, the aim of this study is to determine if patients with CL/P have an increased risk for delayed craniofacial maturation.
Materials and methods A sample of 246 cleft patients and 210 non-affected individuals was retrospectively compiled.
Cephalometric radiographs taken between the ages of 10 and 14 years (girls) and 12 and 16 years (boys) were collected and
assessed with the cervical vertebral maturation (CVM) method.
Results In boys, no significant association between the presence of CL/P and a CVM score of CS3 or higher was observed in any
age subsample. This was similar for a CVM score of CS5 or higher. Girls in the CL/P group had a significant lower probability of
having a CVM score of at least CS3 in the subsample with age 11 to 12 (p = 0.001) and a borderline non-significant lower
probability of having a CVM score of at least CS5 in the subsample with age 12 to 13 (p = 0.055).
Conclusions The current study demonstrated a discrete delay in skeletal maturation before the pubertal growth spurt of
(pre)adolescents with CL/P, especially girls. This delay was less apparent at the end of the pubertal growth spurt.
Clinical relevance This research suggests that the craniofacial maturational stages relevant for dentofacial orthopaedic treatment
in cleft patients, especially girls, occur at higher chronological age. Further research must quantify this delay, investigate its
clinical significance, and determine its effect on the timing of dentofacial orthopaedic treatment.
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Introduction

The growth of the maxilla in adolescents with cleft lip and/or
palate (CL/P) can be restricted in three dimensions. This can
be attributed to the severity of the cleft but also to iatrogenic

effects of previous surgeries such as closure of the lip and/or
palate. It has been demonstrated that the magnitude of these
iatrogenic effects correlates with the experience and case load
of the surgeon [1–3]. However, basal skeletal characteristics
[3], missing lateral incisors as a sign of inherent tissue hypo-
plasia [3], and altered embryonic development of the pituitary
gland resulting in growth hormone deficiency [4, 5] are also
considered to be relevant contributing factors.

Abnormal or disturbed growth of the maxillomandibular
complex can be approached in two different ways, depending
on the maturational status of the patient and the extent of the
anomaly. Orthognathic surgery, in combination with pre- and
post-orthodontic treatment, allows three-dimensional jaw reha-
bilitation in amature patient by one- or two-step procedures. On
the other hand, facial growth and development during child-
hood or early adolescence can be guided by a dentofacial or-
thopaedic treatment. Transverse, anteroposterior, and to a lesser
extent also vertical maxillomandibular discrepancies in CL/P
patients can be treated using orthopaedic appliances. This
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treatment approach primarily includes the use of a (rapid) max-
illary expander, face masks, a Fränkel function regulator III
(FR-3), and/or bone-anchored maxillary protraction with
intermaxillary elastics [6, 7]. The latter is a more recent treat-
ment modality for skeletal class III that has demonstrated satis-
fying results in CL/P patients [8, 9]. Orthopaedic interventions
in the mandible such as functional appliances are less common
in cleft patients. However, the mandible in all cleft subtypes has
a shorter ramus and body length, and the mandibular position is
more retrusive relative to the cranial base than in a non-affected
population [10]. In particular cases where the anteroposterior
maxillary hypoplasia is less apparent, such as the cleft lip (CL)
or cleft palate (CP), a relative skeletal class II relationship can
be observed, and therapy with a functional appliance is a valid
treatment option [11].

Success in dentofacial orthopaedics is highly dependent on
the patient’s maturational stage. Therefore, it is important to
determine the period of accelerated growth of the relevant
skeletal structure to achieve the most favourable response with
the least potential morbidity [12]. In contrast, orthognathic
surgery should be delayed until craniofacial maturation is es-
sentially completed [13]. The individual skeletal maturity can
be assessed using biological indicators such as increase in
body height [14], skeletal maturation of the hand and wrist
[15], the third finger middle phalanx maturation (MPM) [16],
and the cervical vertebral maturation [12, 17]. The cervical
vertebral maturation (CVM) method was introduced by
Lamparski and further refined by Baccetti and coworkers
[12, 18, 19]. It is a validated method that allows estimation
of the skeletal maturation using a cephalometric radiograph.
This imaging method is also routinely used for orthodontic
purposes, so the radiation dose can be minimized [20, 21].

The aim of this study is to determine if patients with cleft
lip and/or palate have an increased risk for delayed skeletal
maturation by assessing their cervical vertebral maturation
and comparing it with that of a matched, non-affected control
group.

Materials and methods

The study was approved by the Ethical Committees of Ghent
University Hospital (2019/1064) and University Hospitals
Leuven (S63027) and has been performed in accordance with
the Declaration of Helsinki.

Sample

The study had a retrospective design and comprised patients
with an orofacial cleft treated by the Leuven Cleft Lip and
Palate Team and the Centre of Congenital Facial Anomalies
of the Ghent University Hospital. The following inclusion
criteria were used: uni- or bilateral cleft lip, alveolus, and/or

palate, isolated cleft palate, no syndromes, and an age between
10 and 14 (girls) and 12 and 16 (boys). Only subjects with a
clearly readable cephalometric radiograph were considered
eligible. The age limits were based on the average timing of
the peak height velocity, which is at 13.5 years old for boys
and 11.5 years old for girls [22]. Syndromic patients were
excluded in order to isolate the effect of cleft lip and/or palate
on growth. The non-affected control group was compiled at
the Department of Orthodontics at the Ghent University
Hospital and comprised patients with a clearly readable ceph-
alometric radiograph as part of the diagnostic data prior to an
orthodontic treatment. The same age limits as in the study
sample were applied for boys and girls in the control group.
Only children of European or North African ancestry were
considered eligible for inclusion in the cleft or control group.
Patients in the study and control group had to be born in the
same time span to avoid a historical comparison with bias due
to a secular trend of early sexual maturation.

The selected cephalometric radiographs were cropped to an
image with only the cervical spine visible. This was performed
in order to avoid observer bias such as age estimation based on
tooth development or diagnosis of an OFC (Fig. 1). The set of
radiographs was randomized and numerically coded to ensure
blinding.

Fig. 1 A cropped cephalometric radiograph of cervical vertebrae C2, C3,
and C4 in CS5
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Methods

Skeletal maturational status was determined with the cervical
vertebral maturation (CVM) method [12]. The CVM method
allows classification into six cervical stages (CS1–6) based on
a visual appraisal of two morphological characteristics of the
cervical vertebrae C2, C3, and C4 (Fig. 2). First, it considers
the presence or absence of a concavity at the lower border of
the body of C2, C3, and C4. Secondly, the shape of the body
of C3 and C4 is assessed. Four basic shapes are considered:
trapezoid (the superior border is tapered from posterior to
anterior), rectangular horizontal (the heights of the posterior
and anterior borders are equal; the superior and inferior bor-
ders are longer than the anterior and posterior borders),
squared (the posterior, superior, anterior, and inferior borders
are equal), and rectangular vertical (the posterior and anterior
borders are longer than the superior and inferior borders) [12].
Cervical stages (CS) 1 and 2 are the optimal stages for trans-
verse and anteroposterior orthopaedic interventions in the
maxilla. CS 3 and 4 are optimal stages for an anteroposterior
orthopaedic intervention in mandible [12].

The complete set of cephalometric radiographs was
assessed by one observer (LM). One hundred and seventeen
randomly selected radiographs were re-assessed by the same
observer on a second occasion and also by a second observer
(LT) in order to determine intra- and interobserver agreement.
This specific number was determined to be the minimal
amount of radiographs needed to show with 80% certainty
that the lower limit of the 95% confidence interval for an
ICC of 0.80 was not less than 0.70 when having two observers
[23]. Before the start of the assessment, the observers were
repeatedly trained with radiographs of a smaller patient sam-
ple. This training consisted of scoring followed by evaluation
and remediation. During the assessment, the observers were
provided with multiple reference photographs and written

descriptions of the cervical morphology of each single stage
as described in Baccetti et al. [12].

Statistical analysis

Analyses were performed in SPSS version 25 (IBM, Armonk,
New York, USA). Intra- and interobserver agreement were
determined by means of the intraclass correlation coefficient
(ICC).All analyses were performed separately for boys and
girls. Chi-square tests were used to test if there is an associa-
tion between presence of a cleft and having a CVM
score ≥ CS3 and having a CVM score ≥ CS5. Mann-
Whitney U tests were used to test if the mean ranking of the
CVM score is different between the cleft group and control
group. This test was also used per age category. Logistic re-
gression analysis with age (categorical), presence of a cleft,
and their two-way interaction as fixed factors in the model,
was used to test if there was an association between the pres-
ence of a cleft and having a CVM score ≥ CS3 and ≥ CS5,
respectively, according to age category. This regression anal-
ysis was also repeated after exclusion of the children with
isolated cleft palate (CP) to assess the effect of this cleft type
with a different genotype than cleft lip (CL) and cleft lip and
palate (CLP).

Results

The application of the in- and exclusion criteria resulted in a
study group of 246 patients. The sample characteristics with
the distribution according to the age, sex, and cleft type are
shown in Table 1. A control group of 210 patients was com-
piled. Patients in the cleft and control group had a European or
North African ancestry and were born between 1989 and 2005
and between 1992 and 2006, respectively. The absolute

Fig. 2 Maturational stages 1 to 6 of the cervical vertebrae 2, 3, and 4 according to Baccetti and coworkers

4853Clin Oral Invest (2021) 25:4851–4859



frequencies of each CVM score according to gender, group,
and age can be consulted in Supplementary file 1.

The ICC between the two observers (LM and LT) was
0.907 with a 95% confidence interval of 0.850–0.940. The
ICC within one observer (LT) was 0.891 with a 95% confi-
dence interval of 0.840–0.925. There were 2 weeks between
the first and second scoring of the radiographs. Both ICCs
indicate excellent agreement [24].

For both boys and girls in this sample, there was a significant
association between the presence of a cleft and a CVM score of
CS3 or higher (p from Chi-square test = 0.033 and 0.031 re-
spectively), with control patients being more likely to have a
CVM score of CS3 or higher compared to cleft patients (risk
ratio = 76.6/63.6 = 1.20 and 69.0/54.3 = 1.27 respectively). No
association between the presence of a cleft and having a CVM
score of CS5 or higher was found in any of the two genders (p
value fromChi-square test = 0.849 and 0.069 respectively). The
corrected coefficients of contingency for the association be-
tween cleft and CSV stages are shown in Supplementary file 2.

Boys showed no significant difference in the mean ranking
on the CVM score between control and cleft children (p value
from Mann-Whitney U test = 0.231). This non-significant as-
sociation was also detected in each age subsample. In girls, a
significant difference in mean ranking on the CVM score be-
tween control and cleft children was detected (p value from
Mann-Whitney U test = 0.010), with control patients having a
higher mean rank than cleft patients. However, this associa-
tion was only significant for the age subsample 11 to 12 years
(p value from Mann-Whitney U test < 0.001).

Logistic regression analysing the association between the
presence of a cleft and having a CVM score of CS3 or higher/
CS5 or higher according to age category was performed for

each sex. The underlying regression function for the model of
a CVM score of CS3 or higher in girls is shown as an example
in Supplementary file 3. In boys, no association between the
presence of a cleft and CVM score of CS3 or higher or a score
of CS5 or higher was detected in any age subsample (Figs. 3
and 4). For girls, the subsample with age 11 to 12 showed a
significant association between the presence of a cleft and
CVM score of CS3 or higher, with the cleft group having
90.0% lower estimated odds of CS3 or higher compared to
the control group (95% CI goes from 62.0% to 97.4% lower

Table 1 Sample characteristics

Girls Boys

Age (years) Subtotal
(n)

Age (years) Subtotal
(n)

Total
(n)

10≤age<
11

11≤age<
12

12≤age<
13

13≤age<
14

12≤age<
13

13≤age<
14

14≤age<
15

15≤age<
16

Control
(n)

25 28 29 34 116 29 23 22 20 94 210

Cleft (n) 21 23 26 22 92 38 43 43 30 154 246

Cleft type Cleft type

CL 9 (9.8%) CL 20 (13.0%)

UCLA 9 (9.8%) UCLA 11 (7.1%)

UCLP 39 (42.4%) UCLP 68 (44.2%)

BCLP 11 (12.0%) BCLP 38 (24.7%)

CP 24 (26.1%) CP 17 (11.0%)

n number, CL cleft lip, UCLA unilateral cleft lip and alveolus, UCLP unilateral cleft lip and palate, BCLP bilateral cleft lip and palate, CP cleft palate

Fig. 3 Probability of having a CVM score of at least CS3 in cleft and
control boys for each age subsample
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odds, p value = 0.001) (Fig. 5). Similarly, the subsample with
age 12 to 13 showed a borderline non-significant association
between the presence of a cleft and CVM score of CS5 or
higher, with the cleft group having 75.20% lower estimated
odds of CS5 or higher compared to the control group (95% CI
goes from 94.0% lower odds to 3.2% higher odds, p value =
0.055) (Fig. 6). The regression analysis after exclusion of the
cases with isolated CP showed similar estimated probabilities
of CS3 or higher/CS5 or higher, both in boys and girls
(Supplementary files 4 and 5).

Discussion

In the sample of the current study, boys and girls with a cleft lip
and/or palate were less likely to have a CVM score of CS3 or
higher (risk ratio = 0.83 (boys) and 0.79 (girls)) than non-affected
individuals. In contrast, there was no significant association be-
tween the presence of a cleft and having a CVM score of CS5 or
higher. These observations could substantiate the assumption that
the growth spurt in cleft patients starts at a later chronological
age, is of a shorter duration, and therefore might proceed at a
higher velocity. Regrettably, due to the cross-sectional nature of
the data, no robust statistical model as a time-to-event analysis
could be applied to confirm this hypothesis. However, a logistic
regression model could detect that cleft girls have a significantly
lower probability of having a CVM score of at least CS3 in the
subsample with age 11 to 12 (p = 0.001). Although strictly non-
significant (p = 0.055), we also could say that girls showed a
(borderline) lower probability of having a CVM score of at least
CS5 in the subsample with ages 12 to 13.

Clefts associated with a syndrome were excluded during
patient sampling to isolate the effect of the cleft on growth.
Nevertheless, inter-subject variability cannot be excluded
completely in the study sample. Patients with a cleft lip, cleft
lip and alveolus, or cleft lip and palate have a distinct different
genotype than patients with an isolated cleft palate. However,
it is unknown if the expression of these different genotypes
results in differences regarding start, length, and intensity of
the pubertal growth spurt.

CVM staging of cleft patients and subsequent comparison
with a non-affected control group in a cross-sectional design

Fig. 4 Probability of having a CVM score of at least CS5 in cleft and
control boys for each age subsample

Fig. 5 Probability of having a CVM score of at least CS3 in cleft and
control girls for each age subsample. The significant interaction between
the subsample with age 11 to 12 is indicated with an asterisk (*)

Fig. 6 Probability of having a CVM score of at least CS5 in cleft and
control girls for each age subsample. The borderline non-significant in-
teraction between the subsample with age 12 to 13 is indicated with an
asterisk (*)
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has been performed previously. Sun and Li calculated odds
ratios to test whether cleft patients were more likely not to
reach CVM stage 3 or higher. They concluded that Han
Chinese cleft boys and girls are at higher risk for a delayed
skeletal maturation [25, 26]. Ravi and Ravikala concluded that
there is a delay in skeletal maturation at a younger age (10–
13 years) but not at an older age (13–15 years) in children with
unilateral cleft lip and palate (UCLP) [27]. Although this con-
clusion has common grounds with the discrete trend observed
in the current study, the smaller study sample (60 children
with UCLP and 60 non-affected controls) of Ravi and
Ravikala might have affected the statistical power. Flieger
et al. concluded that cleft patients achieve various CVM
scores at later chronological age compared to non-affected
patients. However, the absent distinction between boys and
girls in both the study and control groups subverts the validity
of the results [28]. Cesur et al. also observed a delayed skeletal
maturation for boys and girls under the age of 11 in a sample
of 85 children with UCLP [29].

Newborn cleft children present impaired craniofacial de-
velopment before any surgical intervention. Therefore, growth
impairment could be classified to some extent as an intrinsic
characteristic of the cleft condition. These children present an
aberrant genotype, although associated with a highly variable
phenotype. It has been observed that sella turcica morphology
is deviant in newborn cleft children. This might explain why a
subset of this population has occult midline, neural and learn-
ing deficiencies, and hypophyseal/endocrine and somatic
growth problems [30]. Growth hormone deficiency has also
been observed 40 times more often in cleft children than in
their non-affected peers [5]. However, nutritional status dur-
ing early life could also be associated with delayed skeletal
maturity. A cleft palate can prevent a newborn cleft child from
creating sufficient negative pressure necessary to feed and can
limit the normal use of the tongue to compress the nipple [31].
This results in significantly lower weight gain per week in
newborns with a cleft [32].

Ethnic background might have been a confounding factor.
The sample consisted of individuals with a European or a
North African geographic and genetic ancestry. However, in
multiethnic cohort studies, both groups are consistently clas-
sified in the same ancestry group (European) [33, 34].
Therefore, the confounding effect of ethnicity could be con-
sidered of minor importance.

The CVMmethod is an established procedure to determine
the proper timing of dentofacial orthopaedics. Despite its long
track record, the method remains a topic for debate.
Reliability, repeatability, accuracy, and reproducibility are re-
ported to be highly variable, going from low, moderate, sub-
stantial, to high [35–39]. Our results for inter- and intra-
observer agreement generally coincide with the reported
values between 0.800 and 1 in a 2015 meta-analysis [21].
Perinetti et al. introduced a more extended and objective,

morphometric CVM code staging system. They applied this
novel method on a cohort of the Oregon Growth Study. It was
observed that cases outside the reported norms were not fre-
quent and most of the exceptions were seen in CVM stage 4.
Generally, they concluded that the classic CVMmethodmight
require more comprehensive staging instructions and that
inter-subject variability might be relevant in terms of duration
of the single CVM stages [40].

The presence and completeness of a cleft in the alveolus
and/or palate might affect the orthopaedic aspect of maxillary
expansion in the transverse dimension. In these cases, the
increase of the transverse maxillary dimension is to a lesser
extent the result of opening of the intermaxillary suture, but
mainly the result of opening of the alveolar and/or palatal
cleft. A recent study on CBCT observed an average increase
of the alveolar cleft volume of 19.6% following rapid maxil-
lary expansion in unilateral clefts [41]. Nevertheless, the
intermaxillary suture is not the only determinant of the ortho-
paedic effect duringmaxillary expansion. A 2007 study on the
biomechanical effects of maxillary expansion on the craniofa-
cial skeleton in a UCLP model using finite element analysis
concluded that the fusion or lack thereof between the maxilla
and pterygoid plate of the sphenoid bone (pterygomaxillary
sutures) was determinative for resistance to expansion forces,
regardless of the absence of the midpalate [42].
Notwithstanding the potentially impaired opening of the
intermaxillary suture in cleft patients with involvement of
the alveolus and/or palate, the orthopaedic effect of a maxil-
lary expander is not solely limited to the transverse correction.
It also induces the opening or compression of internasal,
nasomaxillary, frontomaxillary, and frontonasal sutures. The
stress was induced at these sutures also attributing to a down-
ward and forward displacement of the maxilla [43, 44]. The
clinical relevance of the latter in cleft patients and the relation-
ship with the extent and volume of the cleft in the alveolus and
palate remain interesting topics for further research.

Clinically, cleft patients present a wide spectrum of trans-
verse, anteroposterior, and vertical deformities of the maxilla
and mandible. A substantial part of the malocclusions related
to these deformities can be approached in a non-surgical man-
ner if the intervention is well timed. Generally, optimal timing
of maxillary expansion is during the CVM stages CS1 and
CS2. The current study suggests that these stages might occur
at an older chronological age, especially in girls. However,
when the cleft is not only limited to the lip or the palate, the
timing ofmaxillary transverse correction is rather also dictated
by the dental development than the skeletal age. In the unilat-
eral cleft lip and alveolus (UCLA), unilateral cleft lip and
palate (UCLP), and bilateral cleft lip and palate (BCLP), the
development of the cleft-adjacent canine(s) dictates the timing
of the early secondary bone grafting and subsequently the
timing of the preoperative expansion of the maxilla [45].
After all, this expansion is often required to restore the
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alveolar morphology and to improve access to the receptor site
during surgery. Solis et al. concluded that the development of
the cleft-adjacent canine in complete UCLP was 1.39 years
delayed in comparison to a non-affected population [46].

In a class III relationship due to deficient maxillary growth,
maxillary protraction can be performed by means of a face
mask or with bone-anchored maxillary protraction (BAMP)
and class III intermaxillary elastics. The latter approach has
gained remarkable interest and has recently been subject of
comprehensive research in UCLP. The three-dimensional as-
sessment of the maxilla, mandible, and the glenoid fossa
showed similar effects in patients with and without clefts [9,
47]. The optimal timing of a skeletal class III correction with
effect on both the upper and lower jaw is during CVM stages
CS1 and CS2. Again, the current study suggests that these
stages might occur at an older chronological age, especially
in girls.

Therapy for a relative class II jaw relationship (occasional-
ly seen in mild CP and CL cases) can be performed with a
functional appliance such as a Herbst appliance or an activator
[11]. The optimal timing of a skeletal class II correction is
during CVM stages CS3 and CS4. The current study suggests
that these stages might occur at a slightly older chronological
age in girls.

Conclusions

The current study demonstrated, within its limitations, a dis-
crete delay in skeletal maturation before the pubertal growth
spurt of (pre)adolescents with CL/P, especially in girls.
Further research must quantify this delay, investigate its clin-
ical significance, and determine its effect on the timing of
dentofacial orthopaedic treatment.

Supplementary Information The online version contains supplementary
material available at https://doi.org/10.1007/s00784-021-03790-2.
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