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ABSTRACT
Cleft lip with or without cleft palate (CL/P) is a relatively common craniofacial malformation

involving bony and soft-tissue disruptions of the nasolabial and dentoalveolar regions. The combination
of CL/P and subsequent craniofacial surgeries to close the cleft and improve appearance of the cutaneous
upper lip and nose can cause scarring and muscle pull, possibly resulting in soft-tissue depth asymmetries
across the face. We tested the hypothesis that tissue depths in children with unilateral CL/P exhibit
differences in symmetry across the sides of the face. Twenty-eight tissue depths were measured on cone
beam computed tomography (CBCT) images of unilateral CL/P children (n = 55), aged 7-17 yrs., using
Dolphin software (v 11.5). Significant differences in tissue depth symmetry were found around the

cutaneous upper lip and nose in unilateral CL/P patients.



Introduction
Human faces exhibit a wide range of variation in facial form and appearance due to various
factors including environment, ethnic background, age, gender, and congenital anomalies.”® Human facial
morphogenesis occurs during development as several facial prominences fuse and grow harmoniously to
produce a functional craniofacial unit.* Age-related changes in facial proportions, tissue thickness, and
facial appearance occur as individuals grow and throughout senescence.”™ Congenital craniofacial
anomalies arise when facial prominences fail to fuse or grow in a coordinated fashion and can result in

asymmetry affecting the skull and face on a global or local scale.

Cleft lip with or without cleft palate (CL/P) is a relatively common craniofacial birth defect
affecting 1 in 1500 children per year."*'® CL/P is caused by an embryologic failure of the nasal and
maxillary facial prominences to fuse correctly on the 36" or 37" day of gestation and results in
asymmetric muscle pull on the nasal septum during osteogenesis of the midface.'” Archaeological and
historical evidence suggest that methods of CL/P surgical correction have existed for at least 1600 years;
however, it wasn’t until the nineteenth century that these methods began to be employed frequently.***
Today, the lips and alveolus of children with clefts are surgically repaired around the third month of life
with the intention of reducing facial stigmata during childhood.?** The combination of congenital clefts
and subsequent functional and aesthetic surgical grafts/corrections might result in changes to nasal
septum growth, abnormal tooth morphogenesis and eruption patterns, missing or supernumerary teeth,
malocclusion, midfacial deficiency, maxillary asymmetry, reductions of nasal airway size, defects in
upper lip musculature, and increased mouth breathing.?** These factors can affect facial soft-tissue
development and growth by causing scarring, muscle pull, changes to nasal form and function, and

thinner and less elastic tissues around the site of surgical repair.*”**°



Morphological asymmetry across the face, and particularly in the nasolabial regions, has
previously been reported in CL/P.""?**" Kane and colleagues quantified craniofacial asymmetry in pre-
operative infants and found that asymmetry is most extreme near the cleft, but subtle asymmetry is also
present in other parts of the face and cranial base.*® Follow up of 11 month old patients who had
undergone primary cleft repair at 3 months revealed that primary surgical repair significantly reduced
asymmetry across the face, particularly in the oronasal regions, and provided sufficient tensional forces to
mold and improve symmetry of underlying osseous structures.* In a longitudinal study investigators
found facial oronasal asymmetry in 10-year old unilateral CL/P patients and noted that faces which were
more symmetric after primary surgery were more likely to be more symmetric at the age of 10, thereby
underscoring the importance of achieving symmetry during the primary cleft repair.*° Bugaighis and
investigators found the most extreme asymmetry near the nasolabial regions of the unilateral CL/P face,
but also found asymmetry across the rest of the face, particularly near the orbits.®” The results from these
studies suggest that perturbations to facial morphogenesis and growth can affect the entire craniofacial
complex, likely by altering morphological integration of component parts of the face during
development.** Although it is useful for surgeons to have a complete picture of the relationship between
osseous and soft-tissue surgical repair(s), symmetry of unilateral CL/P tissue depths has seldom been

investigated.

Three-dimensional (3D) cone beam computed tomography (CBCT) images are useful for
assessing the relationship between hard and soft tissue of the face because the relationship between these
two tissues is maintained when the image is acquired. The goal of this study is to use 3D CBCT images to
determine if craniofacial CL/P tissue depths are symmetric and to localize symmetry differences that are
present to specific facial regions. We hypothesize that CL/P facial tissue depths will show differences in
symmetry due to the initial congenital cleft or subsequent surgeries aimed at improving aesthetic

appearance.

Materials and Methods



3D cone beam computed tomography (CBCT) images (0.3- 0.4 mm voxel size; i-Cat machine,
Imaging Sciences International LLC, Hatfield, PA) were acquired from pre-existing orthodontic records
at the Indiana University School of Dentistry with IRB approval from the Indiana University Human
Subjects Office (Study # 1210009813). CBCT images of children used in this study (n = 55; Table 1)
were previously diagnosed with Veau Class Il unilateral cleft lip and palate and had undergone at least
one surgical correction to repair the lip and alveolus. It was not possible to determine the exact lip and
palate surgical protocols used on each patient and it is likely that heterogeneous methods were employed
by the different plastic surgeons involved. Due to limitations of sample size no attempt was made to

control for ancestry; however, the majority of the sample was Caucasian.

Dolphin Imaging software (v11.5; Chatsworth, CA) was used by the same individual (JMS) on
the same computer and monitor to measure tissue depths on coded unilateral CL/P CBCT images. To
minimize measurement error, an orientation module in Dolphin was used to standardize the orientation of
images by passing a line through orbitale and porion in lateral view, and by passing a line through nasion
and pogonion and frontal view. Fourteen soft-tissue depths (Table 2) were measured from each CBCT
image on each side of the skull and face (Fig. 1) by placing homologous soft and hard-tissue landmarks
and measuring the distance between these points using integrated measurement tools. All statistical

testing was conducted using Minitab (v.16.1.0).

During a repeatability study all tissue depths (Table 2) were measured by one investigator (JMS)
blinded to the identity of 10 random coded images on three separate occasions with at least 24 hours
between each measurement session to minimize memory bias. The intra-class correlation (ICC)
coefficient was calculated using a 2-way random ANOVA with absolute agreement to assess intra-
observer repeatability across three trials. The ICC value was 0.99 and indicates that the tissue depth

measurements were strongly reliable.



The technical error of measurement (TEM) was calculated for each permutation of pairs of

measurement error trials to assess intra-observer error using the following equation:

TEM= [EZ
2N

where D is equal to the difference of measured values between two trials and N is equal to the
number of individuals measured.* TEM values for each tissue depth measurement comparison are
provided (Table 3). Overall mean TEM was 0.20mm and was considered adequately low for the purposes

of this investigation.

After assessing reliability and TEM, tissue depths (Fig. 1) were measured by one investigator
(JMS) on randomly ordered, coded and anonymized images on three separate occasions with at least 24
hours between each measurement session. Tissue depth measurements that differed by more than 1mm
from homologous tissue depth values collected from the same individual were remeasured and replaced to

minimize measurement error occurring from human error and imaging artifacts.

Individual tissue depth values for each side of the face were tested for normal distributions using
a Kolmogorov-Smirnov test for normality and found to be normally distributed. A two-sample t-test was
used to compare clefted and non-clefted sides of the face of males (n = 40) and females (n = 15). No
statistical differences were detected between males and females (p-value = 0.43) and the samples were

combined for analysis.

To carry out the asymmetry test the cleft and non-cleft side tissue depths were compared. A
paired t-test was carried out to assess symmetry of tissue depths on each side of the face. A p-value of <
0.05 was considered statistically significant for each test. With a type | error rate of 5% and a sample size
of 55 individuals, this analysis has a 90% power to detect a difference of 0.09 mm between homologous

tissue depths on the sides of the face.

Results



Several bilateral tissue depths exhibited significant asymmetry across the face (see table 4):
frontal eminence (fe-fe’, p-value = 0.012), lateral orbit (lo-lo’, p-value = 0.016), nasal ala furrow (naf-
naf’, p-value = 0.013), subalare (sbl-sbl’, p-value 0.003), mediolateral philtrum (p-value = 0.039), and

lateral philtrum (p-value = 0.002). Tissue depths exhibiting significant asymmetry are depicted in Fig. 2.

One tissue depth on the forehead exhibited asymmetry, but this tissue depth was not near the
location of the original cleft. The remaining tissue depths exhibited significant asymmetry and were
localized to the midfacial region of the face where the congenital cleft originally occurred. Asymmetric
tissue depths in the midfacial region were 0.6 — 1.6mm thicker on the side of the face where the cleft

occurred.

Discussion

Symmetry of tissue depths in individuals with surgically repaired unilateral CL/P has rarely been
investigated. Because individuals with CL/P undergo multiple surgical corrections that can include bone
grafts and always include functional or aesthetic soft-tissue modifications it is important to understand
whether the combination of the congential cleft and surgical interventions affect facial soft-tissue
symmetry. We found that several tissue depths near the site of the congenital cleft exhibit significant
asymmetry (Fig. 2). Tissue depths of the philtrum, cutaneous upper lip, and nose are 0.6 — 1.6 mm thicker
on the side of the face where the congenital cleft occurred (Table 4). These differences are small, but
might be clinically relevant because they contribute to overall facial asymmetry and stigmata.
Development of soft tissue thickness upon the rest of the face appears to occur in a consistent and
symmetric manner over the bony scaffold. Our results are comparable to those of Choi and colleagues
who also found that unilateral CL/P soft tissue depths of the nasolabial regions are asymmetric and

thicker on the clefted side of the face.*?



One explanation for tissue depth asymmetry in CL/P faces is that the congenital cleft disrupts
normal muscle formation and position by altering the length and insertion of nasolabial muscles.*
Additionally, the congenital cleft frequently disrupts lateral incisor development on the clefted side of the
face and alters symmetry of the maxillary bony scaffolds upon which soft tissue anchors itself.?*3**® Soft-
and hard-tissue surgical corrections aimed at aesthetic and symmetric orofacial improvements attempt to
correct facial deformities but may cause scarring and/or muscle pull that can induce anterioposterior and

transverse asymmetries.*

Hall and Precious maintain that the nasal septum acts as a growth center or pacemaker for
midfacial growth.** Congenital labiomaxillary clefts impair nasolabial muscle attachments on the clefted
side of the nasal septum, which causes the nasal septum to deviate to one side of the face.** Ossification
sites for the premaxilla and maxilla appear towards the end of the 6™ week of gestation after the nasal
capsule and facial muscle precursors are present, which means that asymmetric muscle forces already
exist as osteogenesis shapes the midface.** Ultimately, midfacial growth becomes asymmetric, resulting
in asymmetry of the nose, maxilla, and orbits.* These factors likely combine with those presented above

to explain the tissue depth asymmetry found in this study.

One goal of surgeons who repair congenital craniofacial anomalies is to produce a harmonious
and symmetric facial appearance.* The results of this study are clinically relevant because despite the
best efforts of plastic surgeons to produce a symmetric and harmonious facial appearance there is usually
residual facial asymmetry from CL/P that results in facial stigmata. Therefore, it is important to quantify
facial asymmetry following cleft repair to determine how well surgeries restore facial harmony and
symmetry, and thereby avoid qualitative and subjective assessments of facial form or surgical success.*
Quantitative assessment and localization of asymmetry to particular facial regions is often challenging to
plastic surgeons and orthodontists. CBCT images and the specialized measurement tools found in
Dolphin imaging software allow precise tissue depth measurements to be collected to quantify soft-tissue

craniofacial asymmetry and develop a treatment plan for the patient after evaluating the hard- and soft-



tissues of the craniofacial complex. These advanced techniques provide the surgeon with an accurate up-
to-date image of hard and soft craniofacial tissues on the clefted and non-clefted sides of the face to
reference when reconstructing the deformed facial regions. Since the differences in soft-tissue depths
around the nose and mouth are small, although statistically significant, the surgeon should investigate

hard tissue asymmetries in patients significant facial asymmetry.

In conclusion, the nasolabial, dentoalveolar, and orbital facial regions exhibit significant
asymmetry of soft-tissue depths in patients born with unilateral CL/P. As expected, the philtrum shows
the greatest asymmetry. Asymmetric tissue depths tend to be thicker on the clefted side of the face,
possibly due to scarring and muscle pull. 3D imaging allows surgeons to precisely measure asymmetry in

patients to increase the likelihood of successful surgical outcomes.
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Table 1. Unilateral CL/P sample statistics.

Diagnosis | Total Number of | Number of | Mean Age | Age
Sample males females (yrs.) = Range
size Standard (yrs.)

Deviation

Unilateral | 55 40 15 11+2.52 7-17

CL/P




Table 2. Skeletal- and soft-tissue anatomical landmarks used to measure tissue depth on CBCT images.

Skeletal Landmarks

Bilateral points

1. Frontal eminence (fe) - Bony projection of the
ectocranial surface of the frontal bone.

2. Mid-Supraorbital (mso) - Centered superior
margin of the orbit.

3. Mid-Infraorbital (mio) - Centered inferior
margin of the orbit.

4. Lateral orbit (Io) - Center of the zygomatic
process lined up with the lateral border of the orbit
along the anterior-posterior axis.

5. Nasal Ala Furrow (naf) — Lateral border of the
nasal aperture located directly underneath soft-
tissue nasal ala furrow (naf’).

6. Subalare (shal) - Inferior border of the nasal
aperture located directly underneath soft-tissue
subalare (shal’).

7. Mediolateral philtrum (mlp) — Point located
where a sagittal line passes through the midpoint
between the widest point of the nasal aperture and
the anterior nasal spine and intersects with an axial
line passing midway through the upper jaw above
the teeth and below the inferior nasal aperture.

8. Lateral philtrum (Ip) — Point located where a
sagittal line passes through the widest point of the
nasal aperture and intersects with an axial line
passing midway through the upper jaw above the
teeth and below the inferior nasal aperture.

9. Zygion (zy) - The most lateral point of the
zygomatic arch.

10. Supraglenoid (sgl) - Root of the zygomatic arch
just before the ear.

11. Gonion (go) - Point located on the jaw line at
the level of the angle between the posterior and the
inferior borders of the mandible.

12. Supra M* (sm") - Point located on the alveolar
process at the level of the middle of the first upper
molar.

13. Occlusal line (ol) - Point located on anterior
margin of the ramus of the mandible, in alignment
with the plane of dental occlusion.

14. Infra M, (im,) - Point located on the alveolar
process at the level of the middle of the first lower
molar.

Soft-Tissue Landmarks

Bilateral points

1. Frontal eminence (fe”) - The soft-tissue point
directly overlying hard-tissue frontal eminence (fe).
2. Mid-Supraorbital (mso’) - The soft-tissue point
directly overlying hard-tissue supraorbital (so).

3. Mid-Infraorbital (mio’) - The soft-tissue point
directly overlying hard-tissue infraorbital (io).

4. Lateral orbit (I0”) - The soft-tissue point directly
overlying hard-tissue lateral orbit (l0).

5. Nasal Ala Furrow (naf’) - Insertion of soft-tissue
nasal ala furrow into lateral nose.

6. Subalare (sbal’) — The point at the lower limit of
each alar base, where the alar base disappears into
the skin of the upper lip.

7. Mediolateral philtrum (mlp’) — The soft-tissue
point directly overlying hard-tissue mediolateral
philtrum (mip).

8. Lateral philtrum (Ip) — The soft-tissue point
directly overlying hard-tissue lateral philtrum (Ip).

9. Zygion (zy’) - The soft-tissue point directly
overlying hard-tissue zygomatic arch (za).

10. Supraglenoid (sgl’) - The soft-tissue point
directly overlying hard-tissue supraglenoid (sg).
11. Gonion (go’) - The soft-tissue point directly
overlying hard-tissue gonion (go).

12. Supra M* (sm®’) - The soft-tissue point directly
overlying hard-tissue supra m* (sm®).

13. Occlusal line (ol’) - The soft-tissue point
directly overlying hard-tissue occlusal line (ol).

14. Infra My (im;’) - The soft-tissue point directly
overlying hard-tissue infra my (imy).




Table 3. Technical error of measurement (TEM) across each permutation of the three measurement trials.

Lateral Tissue Depths fe-fe' | mso- | mio- | lo-lo' | naf- sbal- | mlp- | Ip-lp" | zy-zy' | sql- go- sml- | ol-ol' |iml-
(mm) mso' | mio' naf' shal' | mip' sgl' go' sml' iml'

TEM trial 1 vs. trial 2 022 (017 |022 |025 |017 |021 (012 (043 |014 |022 |019 [021 |0.24 |0.37

TEM trial 2 vs. trial 3 020 (013 |015 (031 (019 (016 |012 |014 (012 (028 (019 |029 |0.17 |0.24

TEM trial 1 vs. trial 3 018 (017 (020 (019 (014 (019 |011 |012 (010 (018 |0.17 |0.29 |032 |0.35

Mean TEM 020 (016 (019 |025 |017 |018 (012 (0413 |0.12 |023 |018 |[0.27 |0.24 |0.32

Overall Mean TEM = 0.20mm




Table 4. Tissue depths exhibiting significant asymmetry (mm). The left side represents the side of the face

with the congenital cleft for each measuremen

t.

Mean S.D.
(mm) (mm)
Left frontal eminence (Ife-Ife") 5.012 1.346
Right frontal eminence (rfe-rfe") 5.357 1.722
Difference -0.345 0.866
95% CI for mean difference: (-0.611, -0.079)
P-value = 0.012
Left lateral orbit (llo-110") 14259 | 2.62
Right lateral orbit (rlo-rlo") 13.638 | 3.128
Difference 0.621 1.627
95% CI for mean difference: (0.12, 1.122)
P-value = 0.016
Left nasal ala furrow (Inaf-Inaf") 15.359 | 3.741
Right nasal ala furrow (rnaf-rnaf") 14.239 | 3.423
Difference 1.12 2.84
95% CI for mean difference: (0.246, 1.994)
P-value = 0.013
Left subalare (Ishal-Ishal’) 14543 | 2.903
Right subalare (rsbal-rsbal’) 13.533 | 2.829
Difference 1.01 2.089
95% CI for mean difference: (0.367, 1.653)
P-value = 0.003
Left mediolateral philtrum (Imlp-Imlp") 12,965 | 2.819
Right mediolateral philtrum (rmlp-rmlp’) 11.86 3.302
Difference 0.705 3.221
95% CI for mean difference: (0.287, 1.696)
P-value = 0.039
Left lateral philtrum (lIp-llp") 14,935 | 2.985
Right lateral philtrum (rlp-rlp’) 13.378 | 3.153
Difference 1.557 3.058
95% CI for mean difference: (0.616, 2.499)

P-value = 0.002

* S.D. — Standard Deviation




Figure 1. Tissue depth locations measured on CBCT images. Dolphin software was used to automatically
calculate the distances between the hard and soft-tissue anatomical landmarks.

Figure 2. Tissue depth asymmetry. Tissue depths that exhibit significant asymmetry are depicted in red
and names are listed in Table 4. Tissue depths depicted in yellow are not significantly different. The
majority of tissue depths that are asymmetric are localized to the midfacial region near the location of the
congenital cleft.



