
lable at ScienceDirect

Journal of Cranio-Maxillo-Facial Surgery 50 (2022) 615e620
Contents lists avai
Journal of Cranio-Maxillo-Facial Surgery

journal homepage: www.jcmfs.com
The effect of natural growth on chin point deviation in patients with
unilateral craniofacial microsomia: A retrospective study

Ruben W. Renkema*, Irene van Beelen, Maarten J. Koudstaal, Cornelia J.J.M. Caron
The Dutch Craniofacial Center, Department of Oral and Maxillofacial Surgery, Erasmus University Medical Center, Sophia's Children's Hospital Rotterdam,
the Netherlands
a r t i c l e i n f o

Article history:
Paper received 28 March 2020
Received in revised form
27 October 2021
Accepted 12 July 2022
Available online 19 July 2022

Keywords:
Craniofacial microsomia
Oculo-auriculo-vertebral syndrome
Hemifacial microsomia
Goldenhar syndrome
Chin point deviation
Growth
* Corresponding author. Department of Oral and M
University Medical Center, Sophia's Children's Hospita
CE, Rotterdam, the Netherlands.

E-mail address: r.renkema@erasmusmc.nl (R.W. R

https://doi.org/10.1016/j.jcms.2022.07.006
1010-5182/© 2022 The Author(s). Published by Elsevie
license (http://creativecommons.org/licenses/by/4.0/)
a b s t r a c t

This study aimed to investigate the potential progressiveness of mandibular asymmetry and to study
factors that influence chin point deviation in patients with unilateral craniofacial microsomia (CFM).

Paediatric patients with unilateral CFM with available radiologic imaging and medical photographs
were included. Chin point deviation was measured on clinical photographs. A Jonckheere-Terpstra test
and linear mixed model for repeated measurements assessed the relation of chin point deviation on
natural growth, Pruzansky�Kaban score, and soft tissue score.

A total of 110 patients were included. The linear mixed model showed no statistically significant
changes of chin point deviation during growth (effect estimate �0.006�, 95% CI e0.04� to �0.03�,
p ¼ 0.74). A statistical significant relation between both the Pruzansky-Kaban and soft tissue score on
chin point deviation was found (effect estimate �5.10�, 95% CI e6.45� to �3.75�, p � 0.001 and effect
estimate �3.42�, CI e5.86� to �0.98�, p � 0.001, respectively).

Within the limitations of the study it seems that craniofacial microsomia may be a non-progressive
disorder, because chin point deviation did not change over time.
© 2022 The Author(s). Published by Elsevier Ltd on behalf of European Association for Cranio-Maxillo-

Facial Surgery. This is an open access article under the CC BY license (http://creativecommons.org/
licenses/by/4.0/).
1. Introduction

Craniofacial microsomia (CFM) is characterized by unilateral or
bilateral hypoplasia of facial tissues. Various models have been
developed to classify the degree of facial hypoplasia in patients
with CFM (Pruzansky 1969; Kaban et al. 1988; Horgan et al. 1995;
Cousley and Calvert 1997). Mandibular hypoplasia, which is seen in
89%e100% of the patients, is commonly described by the
Pruzansky-Kaban classification (Kaban et al. 1981, 1986; Cousley and
Calvert 1997). This classification, which is based on radiographic
evaluation, ranks the severity of mandibular hypoplasia from type I
to types IIa, IIb and III. The degree of hypoplasia of all involved facial
structures in patients with CFM is often assessed by the O.M.E.N.S.
classification, which scores hypoplasia of the orbit, mandible, ears,
facial nerve, and soft tissues (Vento et al. 1991; Birgfeld et al. 2011).
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Functional problems associated with mandibular hypoplasia
such as feeding or breathing or aesthetic difficulties may necessi-
tate treatment (Birgfeld and Heike 2012; Caron et al. 2017, 2018).
Timing of treatment depends on various aspects, including the
natural growth of the mandible. The potential progressiveness of
mandibular growth in CFM is debated in literature (Converse et al.
1973; Murray et al. 1984; Kaban et al. 1986; Polley et al. 1997;
Kusnoto et al. 1999; Kearns et al. 2000; Meazzini et al. 2012;
Ongkosuwito et al. 2013). Some authors advocate early treatment to
prevent increasing facial asymmetry and to increase function,
whereas others advise postponing treatment until adulthood to
prevent tissue damage and unnecessary surgery, as it has been
shown that early intervention increases the chances of needing
additional surgery later in life, most likely due to the iatrogenic
damage done (Polley et al. 1997; Nagy et al. 2009).

Deviation of the chin point on clinical photographs is a simple
technique that can be used to estimate the severity of facial
asymmetry (Gursoy et al. 2008; Ohtani et al. 2012; Fattah et al. 2014;
Ko et al. 2017). Previous studies on three-dimensional (3D) analysis
of the mandible in CFM showed that mandibular hypoplasia in CFM
leads to a rotation to the affected side, which is greater in patients
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with more severe mandibular hypoplasia (Kim et al., 2018; Kaya
et al., 2019). Although these studies based on radiographic data
are essential to elucidate the extent of CFM, the effect of hypoplasia
and growth on facial asymmetry in patients with CFM has not been
examined. This study aims to investigate the influence of
mandibular and facial soft tissue hypoplasia on chin point deviation
in patients with unilateral CFM.
2. Materials and methods

2.1. Patients and procedures

This was a retrospective study performed at the Craniofacial
Unit of the Erasmus University Medical Center, Rotterdam, the
Netherlands. The use of clinical data was approved by the Institu-
tional Review Board (MEC-2013-575). Patients with unilateral CFM
were included if facial clinical photographs, radiologic images and
medical history were available. Patients with bilateral CFM or other
craniofacial syndromes were excluded. All patients with craniofa-
cial anomalies were regularly and structurally seen at the outpa-
tient clinic, after first presentation, at the ages of 4, 6, 9, 12 15, 18
and 21 years. At these visits, clinical photographs were taken. All
available photos were assessed for analysis. The chin point devia-
tionwas measured if the photograph was taken right in front of the
patient. Photos of patients smiling, crying or with a fully open
mouth were excluded, as the chin point could not be measured
reliably. If a patient had craniofacial surgery that affected the
mandible and/or chin, only the preoperative photographs were
used. Photographs were also excluded if there was any uncertainty
about the type of surgery that was performed.

The severity of mandibular hypoplasia was classified by the
Pruzansky�Kaban classification, based on computed tomography
(CT) scans or panoramic radiographs (Pruzansky 1969; Kaban et al.
1981, 1986). Type I mandibles are small but have normal
morphology. Type II is divided into types IIa and IIb. In type IIa, the
mandibular ramus is abnormal in size and morphology; in type IIb
the mandibular ramus is abnormal in size and morphology and the
TMJ is abnormally placed. Type III contains mandibles with an
absent ramus, condyle and temporomandibular joint. Potential
involvement of soft tissue deficiency on chin point deviation was
assessed by using the O.M.E.N.S. classification. In this classification
the soft tissue is scored from 0 to 3, ranging from no soft tissue
deficiency to a severe soft tissue deficiency (Vento et al. 1991;
Birgfeld et al. 2016).

Chin point deviation (CPD) was measured on frontal facial
medical photographs, using Adobe Illustrator CS6. Frontal view
photographs were taken with the nose pointing towards the lens
and showing equal amounts of both sides of the face. To establish
reproducible and reliable measurements, chin point deviation was
measured according to standardized reference points suitable for
two-dimensional analysis in patients with facial asymmetry, as
described by Berlin et al. (2014). A sagittal line crossing the nasion
and subnasal point was defined as the midline. A second line from
the nasion through the gnathionwas made. The angle between this
line and the midline was defined as the chin point deviation (Fattah
et al. 2014). Fig. 1 shows the measurements obtained in a patient
over a decade.

Two observers R.W.R. and I.V.B. measured the chin point devi-
ation in all photographs, to measure the interrater reliability. One
616
observer (R.W.R.) measured the deviation twice in a 3-month time
interval, to calculate the intrarater reliability.

2.2. Statistical analysis

Descriptive statistics were used. The intra- and interrater reli-
ability was calculated using the intraclass correlation (ICC) coeffi-
cient based on a two-way random model with an absolute
agreement definition, reporting single measures. The values of the
ICC range from 0 to 1; values of 0.8 and higher were interpreted as
excellent agreement. A Jonckheere�Terpstra test was used to assess
the association between the Pruzansky�Kaban classification and
the soft tissue score and the first measured CPD. This test was used
because it determines whether there is a statistically significant
trend between an ordinal independent variable and a continuous
variable in an a priori ordering.We used a linearmixedmodel to see
how the CPD changes with respect to age. The independent vari-
ables in this model were age, sex, the Pruzansky�Kaban classifi-
cation, and the soft tissue score of the O.M.E.N.S. classification. The
association of the Pruzansky�Kaban classification and soft tissue
score on the CPDwere assessed in separate models, as the variables
are not dependent of each other, taking into consideration that
patients with a severe phenotype of CFM show hypoplasia of
multiple facial tissues. A random intercept and a random slope of
age were used to account for the within-subject correlations. Sta-
tistical analysis was performed using IBM SPSS, version 24. All
statistical tests used a two-sided significance level of 0.05.

3. Results

In total, 218 patients with unilateral CFM were evaluated during
the study period. Of the 218 patients, 110 were included in the
study; these patients were 3 and 56 years of age. A total of 108
patients were excluded because of the presence of other facial
anomalies, surgeries of the mandible or chin, or insufficient imag-
ing data. Slightly more male (n ¼ 56) than female (n ¼ 54) patients
were included; the affected side was equally distributed in the
studied cohort (55 left and 55 right). Table 1 shows the patient
characteristics, Pruzansky�Kaban classification and the soft tissue
score of the O.M.E.N.S. score in the studied cohort.

The total number of measurements per patient varied, as did the
age at which patients underwent measurement (Table 2). All 110
included patients had one measurement, 69 patients had two
measurements, 49 patients had three, and 23 patients had four or
more. The mean chin point deviation of all patients at first mea-
surement was 3.8� (SD ¼ 3.2�). Subdivided in Pruzansky�Kaban
type I, IIa, IIb and III, the mean chin point deviations were 2.3�,
2.9�, 4.2�, and 7.4�, respectively (Table 3). The ICC coefficient was
0.96 (95% CI¼ 0.94e0.97) for the interrater reliability and 0.88 (95%
CI ¼ 0.82e0.92) for the intrarater reliability. They were both
interpreted as indicating excellent agreement.

A linear mixed model for repeated measurements showed no
significant association between age and chin point deviation
(p ¼ 0.74), as for sex and chin point deviation (p ¼ 0.41). The
Pruzansky�Kaban score was significantly associated with chin
point deviation (p � 0.001). Patients with a Pruzansky�Kaban type
III mandible had a 5.1� larger chin point deviation to the affected
side compared to patients with a Pruzansky�Kaban type I
mandible (effect estimate¼�5.10�, 95% CI¼�6.45� to�3.75�). The
soft tissue score was also significantly associated with chin point



Fig. 1. Example of measurement.

Table 1
Patient characteristics.

Sample characteristics

Sample, n 110
Age (year), range 3e56
Gender, n
Male 56
Female 54
Affected side, n
Left 55
Right 55
Pruzansky-Kaban classification, n (%)
Type I 41 (37)
Type IIa 29 (26)
Type IIb 18 (17)
Type III 22 (20)
Soft Tissue score of O.M.E.N.S., n (%)
0 19 (17%)
I 45 (41%)
II 38 (35%)
III 8 (7%)
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deviation (p � 0.001). The chin point deviation to the affected side
was 3.4� larger in patients with a soft tissue score III compared to
patients with a soft tissue score I (effect estimate ¼ �3.42�,
CI ¼ �5.86� to �0.98�). All measurements were taken into account
in this analysis, except for one patient who was considered an
outlier because of her age of 56 years at first measurement and was
therefore excluded from this analysis (median age at first mea-
surement, 7 years; 90th percentile of all first measurements, 18
years). Measurements of patients more than 18 years of age were
excluded in the analysis on the relation between chin point devi-
ation and growth. The results of the models is shown in Table 4.

The Jockheere�Terpstra test, which only used only the first CPD
measurement of all 110 patients, also showed that patients with a
higher Pruzansky�Kaban score had a significantly more deviated
chin point (p � 0.001), as was for patients with a higher soft tissue
score (p � 0.001).



Table 2
Numbers and age of measurements.

Total number of measurements per
patient

Number of patients with
measurement

Median age at time of measurement (in
years)

Age range at time of measurement (in
years)

1 111 7 3e56
2 69 10 5e29
3 49 12 9e22
4 23 15 12e19
5 11 17 14e18
6 5 19 18e21
7 1 20 20

Table 3
Pruzanksy-Kaban score and chin point deviation.

N Mean (in degrees)
(including 95% CI)

Minimum and maximum measurement (in degrees)

P-K type I 41 2.30 (1.81e2.79) 0.0e6.9
P-K type IIa 29 2.91 (1.86e3.97) 0.0e9.9
P-K type IIb 18 4.18 (2.74e5.62) 0.0e10.8
P-K-type III 22 7.37 (5.78e8.96) 2.6e14.0
Total 110 3.21 (3.18e4.39) 0.0e14.0

*P-K: Pruzansky-Kaban; CI: Confidence Interval

Table 4
Estimates of Fixed Effects on chin point deviation.

PARAMETER EFFECT ESTIMATES
(IN DEGREES)

CONFIDENCE INTERVAL
(IN DEGREES)

AGE* �0.006 �0.04 e 0.03
MALE �0.41 �1.39 e 0.58
FEMALE 0 (redundant) .
PRUZANSKY-KABAN I �5.1 �6.45e�3.75
PRUZANSKY-KABAN IIA �4.5 �5.97e�3.07
PRUZANSKY-KABAN IIB �3.2 �4.83e�1.57
PRUZANSKY-KABAN III 0 (redundant) .
SOFT TISSUE 0 �3.42 �5.86e�0.98
SOFT TISSUE I �2.15 �4.38 e 0.08
SOFT TISSUE II 0.02 �2.24 e 2.27
SOFT TISSUE III 0 (redundant) .

*Patients above 18 years of age were excluded in this analysis
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4. Discussion

This study aimed to research the potential progressiveness of
mandibular asymmetry in unilateral CFM and to examine factors
that influence mandibular asymmetry. A total of 110 patients were
included. More patients with a Pruzansky�Kaban type I or IIa were
included than patients with type IIb or III, which is in line with the
literature. Both sex and the affected side were equally divided in
our population. Other studies did find differences in sex and
affected side predominance in CFM, although the meta-analysis by
Xu et al. showed no differences in male�female and left�right ratio
(Xu et al. 2015; Caron et al. 2017).

No significant changes in chin point deviation occurred during
growth. It can therefore be assumed that growth of both the
affected and unaffected side of the mandible is similar in patients
with unilateral CFM. This was also shown by Ongkosuwito et al.,
who studied panoramic x-rays, found that patients with CFM
experience similar growth compared to a normal population, but
start and end with a smaller mandible (Ongkosuwito et al. 2013).
Polley et al. studied longitudinal records of 26 patients with uni-
lateral CFM and assessed posterior�anterior cephalometric radio-
graphs. They concluded that the mandibular asymmetry is not
progressive and that the affected and unaffected sides show par-
allel growth (Polley et al.1997). Newer methods such as 3D CT scans
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can be used to describe the mandibular deformity in more detail.
Kaya et al. showed, by using principal component analysis, that the
mandible rotates to the affected side due to lateral rotation and
shortening of the condyle�gonial height with outward bending of
the mandibular angle (Kaya et al. 2019). The unaffected mandibular
side in patients with unilateral CFM is often bending inwards
because of compensatory remodeling. No differences were
observed during growth, as both younger and older patients
showed inward bending of the unaffected side (Kaya et al. 2019).
Kim et al. studied 3D reconstructed mandibles from CT scans of
patients with CFM to investigate growth of the anatomical regions
of the mandible separately (Kim et al. 2018). They found that the
angulation in patients with milder type (Pruzansky�Kaban type II),
but not in those with severely hypoplastic mandibles (Pru-
zansky�Kaban type III), may decreasewith age, although the type II
mandibles still showmore than 6� angulation compared to those in
healthy controls (Kim et al. 2018). This study was based on cross-
sectional analysis of 28 patients with CFM categorized according
to various age groups, which could explain the different outcomes
compared to those of our study, which assessed 110 patients with
CFM in a longitudinal analysis.

Deviation of the chin point is influenced by the
Pruzansky�Kaban score and the soft tissue score on the O.M.E.N.S.
scale. This study shows a strong association between the Pruzansky
score and soft tissue score with the chin point deviation. However,
the variation between patients, especially in the effect of the soft
tissue score on the chin point deviation, is considerable, as is dis-
played by the wide confidence interval. This individual variation
was also seen in a recent study by Apostolopous et al., who showed,
by using 3Dmapping in eight patients, that the bony and soft tissue
hypoplasia were correlated at the gonion and malar region,
whereas other facial areas showed a poor correlation
(Apostolopoulos et al., 2021).

Identifying reliable landmarks and thus measuring chin point
deviation in patients with CFM is difficult, as facial anatomy varies
among patients. A horizontal line through the lateral canthi with a
perpendicular sagittal line can be used to determine the midline of
the face. However, this is questionable in patients with CFM, as
orbital dystopia, a common feature in these patients, may influence
placement of the landmarks (Fattah et al. 2014). In this study,
frontal view photographs were taken in a straight direction
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showing equal amounts of both sides of the face. The midline of the
face was determined by placing a sagittal line through the nasion
and subnasal point. Additionally, the chin point, defined as the
gnathion, can be difficult to determine on medical photographs, as
it is not always as visible in these as compared to radiologic images.
Although these difficulties with landmark placement in studying
patients with CFM are inevitable, excellent intra- and interobserver
agreement was reached because of the strict methodology used.

Facial asymmetry in this study was determined by measuring
chin point deviation on two-dimensional photographs. By using
this method, the complex nature of mandibular hypoplasia in CFM
might not have been fully represented. Hard conclusions on the
potential progressiveness on CFM could therefore not be made.
Nonetheless, this study showed that if any progressiveness was
present, it did not have a visible effect on facial asymmetry.

In recent decades, conflicting results on the progressiveness of
CFM have been published. Early treatment could stimulate mid-
facial growth and lead to better facial symmetry (Kaban et al. 1986,
1988; Kearns et al. 2000; Shetye et al. 2006; Weichman et al. 2017;
Chen et al. 2020; Qiu et al. 2021). Especially in patients with mild
mandibular hypoplasia, additional surgery was not always needed
(Kaban et al. 1986, 1988). However, recent systematic reviews by
Nagy et al. and Pluijmers et al. showed no evidence for long-term
stability of early treatment in patients with CFM (Nagy et al.
2009; Pluijmers et al. 2014). The earlier correction of mandibular
asymmetry is performed, the more surgical procedures are needed
to correct the asymmetry later in life (Pluijmers et al. 2019). The
findings in this study support informing parents and children that
the condition will not get worse over time and should also support
avoiding early surgery for the sake of preventing increasing facial
asymmetry.
5. Conclusion

Within the limitations of the study it seems that craniofacial
microsomia may be a non-progressive disorder, because chin point
deviation did not change over time.
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