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Abstract

Background—Optimization of care to correct the unilateral cleft lip nasal deformity is hampered
by lack of objective measures to quantify pre-operative severity and outcome.

The purpose of this study was to: develop a consensus standard of nasal appearance using 3D
stereophotogrammetry; determine if anthropometric measurements could be used to quantify
severity and outcome; and determine if pre-operative severity predicts post-operative outcome.

Methods—We collected facial 3D images of 100 subjects in three groups: 45 infants before cleft
lip repair; the same 45 infants after cleft lip repair; and 45 children age 8-10 years with previous
repairs. Five additional age-matched unaffected control subjects were included in each group.

Seven expert surgeons ranked images in each group according to nasal appearance. The rank sum
score was used as consensus standard. Anthropometric analysis was performed on each image and
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compared to the rank sum score. Pre-operative rank and anthropometric measurements were
compared to post-operative rank.

Results—Inter-rater and intra-rater reliability was excellent (ICC>0.76 and Pearson correlation
>0.75 respectively) on each of the 3 image sets.

Columellar angle, nostril width ratio, and lateral lip height ratio were highly correlated with pre-
operative severity and moderately correlated with post-operative nasal appearance.

Post-operative outcome was associated with pre-operative severity (rank and anthropometric
measurement).

Conclusions—Consensus ranking of pre-operative severity and post-operative outcome can be
achieved on 3d images. Pre-operative severity predicts post-operative outcomes. Columellar angle,
nostril width ratio, and lateral lip height ratio are objective measures that correlate with consensus
ratings by surgeons at multiple ages.

Introduction

The presence of a cleft lip results in a complex 3-dimensional facial deformity that has
significant functional, esthetic, and social ramifications. While favorable correction of the lip
deformity can often be achieved in a single stage, correction of the nasal deformity remains
a challenge and recurrence is common. To varying degrees, the cleft splays the base
elements of the nose, thereby resulting in collapse of the arch structures that define the tip
and alal. In the case of the unilateral cleft lip nasal deformity (uUCLND), displacement of the
caudal septum results in angulation of the columella on submental view and twisting of the
dorsum on frontal view (Figure 1). Significant changes can be produced surgically (Figure
2), however, residual or recurrent deformity is often present and can be accentuated with
further time and growth (Figure 3)

Correction of the uCLND occurs over multiple stages. The initial cleft lip repair may be
combined with primary rhinoplasty and/or primary septoplasty. Additional treatments may
include nasoalveolar molding, early tip rhinoplasty, septorhinoplasty, and secondary
revisions. Other treatments that can alter the nose include alveolar bone grafting and
orthognathic surgery. There is no consensus on treatment that optimizes outcomes and
minimizes the burden of care. In part, this is due to a lack of objective measures to track
changes through longitudinal care. Current rating scales do not take into account pre-
operative deformities? and the multitude of proposed, but unvalidated rating systems,
suggests a lack of consensus in the subjective scoring of facial aesthetics3. Measurements on
2 dimensional photos are prone to error from parallax* and direct anthropometric analysis or
nasolabial casts are impractical. As a result, many decisions in care tend to be based upon
experience and expert opinion, and, consequently, many controversies continue to exist.

Recent advances in 3D stereophotogrammetry have made rapid and convenient capture of
3D form widely available. Measurements using this technology have been found to be
accurate® and anthropometric analysis has been used to study to children who have
previously undergone cleft lip repair®16. However, a system of meaningful objective
analysis of uCLND is still lacking. Many dimensions can be measured on a 3D image, but
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which one of the many measurements is actually useful in determining pre-operative severity
and post-operative success? Even more fundamental is how we might define severity and
outcome and whether pre-operative severity influences post-operative outcome.

The first part of this study was designed to determine if a qualitative consensus of pre-
operative severity, post-cheiloplasty outcome, and late outcome of CLND could be obtained
on 3D images. No such consensus has previously been obtained. The second part was to
determine if quantitative anthropometric measurements were predictive of the qualitative
consensus. If so, these measurements could be used as valid objective measures. The third
part was to determine if pre-operative severity was predictive of post-operative outcome.
While varying hypotheses have been proposed, little evidence to link the two exists.
Together, these would be significant strides in objectifying esthetic outcome and progressing
our field to evidence-based practice.

Our Institutional Review Board approved this study. Written informed consent was obtained
for each subject enrolled. Overall study design is summarized in Figure 4.

Subjects and image acquisition

We recruited 45 infants undergoing unilateral cleft lip repair and 5 age-matched unaffected
control subjects (Group A). To assess the post-operative changes that may occur with further
time and growth, we also recruited 45 children aged 8-10 years with previously repaired
unilateral cleft lip as well as 5 age-matched unaffected controls (Group B). Consecutive
eligible patients presenting to our center were invited to participate. Of 104 families
approached, 100 agreed to participate.

Subject images were captured by a professional image technologist using the 3dMDCranial
system (3dMD, Atlanta, Ga.), according to standard guidelines'’. 3D images were collected
before and after primary cleft lip repair for Group A, and at the time of recruitment for
Group B (prior 3D images were not available for Group B participants). We therefore
produced 3 image sets, each containing 50 subject images (Figure 4): Group A Infants pre-
op, Group A Infants post-op, Group B Children 8-10 years old.

The 3D images were processed using previously developed softwarel8 that extracts the face
(removing body, neck, clothing, etc. from the image) and aligns them to a standard facial
frontal plane.

Assessment of CLND

We recruited 7 expert full-time cleft surgeons (the Americleft Task Force Surgeon
Subgroup), who were from different high-volume North American cleft centers, to provide
expert assessments. Each expert individually ranked the 50 images contained within an
image set, in the order of best to worst nasal appearance. We used software that presented
the rater with a randomized initial order of 3D images on a “sorting board” and allowed 3D
rendering of each mesh and its neighbors (Figure 5). Raters viewed full-face mesh only
images.
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Each of the 3 image sets (each containing 50 images) was assessed by each of the 7 surgeons
thereby producing 1050 rank scores. Rankings by each surgeon were compared to determine
inter-rater reliability. Two surgeons repeated the rankings for each of the 3 image sets after a
2-month washout period to produce another 300 rank scores so that an estimate of intra-rater
reliability could also be obtained.

We anticipated some variability in rankings provided by the experts and planned to obtain
consensus by pooling their assessments. Individual rankings from surgeons were summed
for each image to produce a rank sum score that would serve as the “gold standard”

Anthropometric Measurements

We performed conventional indirect anthropometric analysis (Figure 6) on each of the 145
images®19 to obtain objective measures of form. Forty-four anthropometric landmarks were
placed and inter-landmark distances or angles were calculated on the images using
3dMDuvultus software. In order to control for variation amongst individuals and to focus on
aberrations of form, anthropometric distances were translated to ratios of cleft side to non-
cleft side for further analysis.

The level of importance of each objective measure was determined by calculating the
correlation with the rank sum “gold standard”.

Statistical Analysis

Results

Subjects

Reliability of expert rank assessments of nasal form was assessed using intra-class
correlation coefficient for inter-rater reliability and Pearson’s correlation for intra-rater
reliability. The correlation of anthropometric measurements to the ranked severity standard
was determined using Pearson’s correlation. The relationship between pre-operative severity
and post-operative outcome was determined using Pearson’s correlation.

Demographics of the 100 subjects are summarized in Table 1. The types of cleft lip and cleft
extent were consistent with the presentation normally seen at our center. The majority of
children 8-10 years old had complete cleft lip and palate and only one child had an
incomplete cleft lip. Although the distribution for these children does not match that seen at
initial presentation, it is consistent with the demographics of children who are returning to
our center at age 8-10 years for ongoing care.

Image set rankings

Each rater required approximately one hour to rank each set of 50 images. Subjectively, each
rater found the Infants pre-op easiest to compare followed by the Children 8-10 years old.
All raters found the Infants post-op the most difficult to compare due to the similarities in
appearance. For each image set, the control subjects were assessed to have the best nasal
appearance.
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1. Reliability of image set assessments

Infants Pre-op: For pre-operative severity of the cleft nasal deformity, the inter-rater
reliability of individual raters was consistently excellent with correlation coefficients of >0.9
when individual raters were compared (Table 2). The Intra-class correlation incorporating
rankings performed by all of the raters was extremely high at 0.93. Intra-rater reliability on
repeat assessment was also extremely high with correlation coefficients of 0.91 and 0.95.

Infants Post-op: The agreement on assessment post-op was not as strong but was
nonetheless consistently very good (Table 2) with correlation coefficients ranging from 0.55
to 0.79 and with an Intra-class correlation of 0.70. Intra-rater reliability was also very good
with correlation coefficient of 0.76 and 0.94.

Children 8-10 years old: The inter-rater reliability on assessment was consistently
excellent (Table 2) with correlation coefficients ranging from 0.70 to 0.88 and with an Intra-
class correlation of 0.82. Intra-rater reliability was also excellent with correlation
coefficients of 0.80 and 0.88.

2. Anthropometric Measurements—Table 3 summarizes the correlation of
anthropometric measurements on individual images with the rank sum score. Columellar
angle, nostril width ratio, and lateral lip height ratio were the strongest predictors of the
expert rankings.

Given that variation in correlation amongst the image sets may be related to the magnitude
of differences amongst subjects. The mean, range, and variation of anthropometric
measurements for subjects in each image set are summarized in Figure 7.

Infants pre-op: Columellar angle, nostril width ratio, and lateral lip height ratio were highly
correlated with the rank sum score (coefficients of 0.72 to 0.80). The nostril height ratio and
medial lip height ratio were moderate predictors of the rank sum score (coefficients of 0.4 to
0.41).

Infants post-op: Following primary cleft lip repair, only the nostril width ratio and the
lateral lip height ratio were correlated with the rank sum score. Correlation was moderate for
both measures (coefficients of 0.34 and 0.42 respectively).

Children 8-10 years old: Columellar angle and nostril width ratio had moderate or good
correlation with the rank sum score (coefficients of 0.51 and 0.41 respectively).

3. Predictors of early post-operative outcome—The pre-operative rank sum score of
an individual infant subject was predictive of the immediate post-operative rank sum score:
R =0.65 (p = <0.01).

Several objective pre-operative measures were also found to be predictive of the immediate
post-operative rank (Table 4) including columellar angle, nostril width ratio, nostril height
ratio, and lateral lip height ratio (correlations coefficients 0.36 to 0.42)
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Discussion

Can we agree on the esthetics of appearance? Can we use objective measurements to reflect
subjective appraisals? Does the initial severity influence the post-operative result? These 3
questions are common conundrums encountered in many areas of plastic surgery. This study
addresses all three in the treatment of the unilateral cleft lip nasal deformity.

1. Experts agree on qualitative assessment of appearance

In our study expert cleft surgeons could reliably rank pre-operative severity and post-
operative outcome of the unilateral cleft lip nasal deformity on 3D images. The raters were
from different institutions in different cities across North America and thus the consensus is
not limited to a single region. Tight agreement in assessments at each of these stages in
treatment has not previously been attained. Most previous attempts to assess appearance use
absolute ratings, which are prone to variations in interpretation and appraisal by different
individuals who have varying backgrounds and experiences. “Beauty is in the eye of the
beholder” and for different individuals, there will be a different ideal and value placed on
that ideal. Not surprisingly, in Sharma’s systematic review, a large number of ratings
systems were identified suggesting a lack of consensus on valid and reproducible methods3.
We used a different and more inductive approach. By asking individuals to place images in
rank order, the relative appearance was evaluated without imposing a set of criteria or
parameters on which to make judgments. Amongst raters recruited from different centers
across Canada and the United States we found extremely high agreement and excellent
consistency. Fisher has previously used this approach, however, that study involved 2D
photos, which are prone to error from parallax, and only assessed pre-operative severity (i.e.
no evaluation of post-operative outcome)®.

In this study, we examined 2 groups of subjects in 3 distinct image sets: Group A Infants
pre-op, Group A Infants post-op, and Group B Children 8-10 years old. We found that the
reliability of assessments on each image set excellent but that the reliability was different in
each scenario. These differences followed clinical expectations. Prior to cleft lip repair, there
is a wide spectrum of nasal deformity and thus a large range in terms of the magnitude of
visible differences. At the same time, all of these differences are on the same continuum or
dimension of initial cleft severity, making linear rank ordering of subjects relatively simple.
Ranking of pre-operative severity was extremely reliable (ICC of 0.93). After repair, all
subjects have a similar appearance with a narrow range in terms of magnitude of visible
difference. At the same time, aberrations in appearance are far more complex because the
nasal shape not only reflects the initial cleft severity, but also some degree of under-
correction, over-correction, and iatrogenic change. With small visible differences but
multiple dimensions along which these could occur, comparisons are more difficult and
differences may be less perceptible. Raters subjectively found Infants post-op difficult to
compare and the reliability, although still excellent (ICC of 0.70), was not as good as before
surgery. With further growth and at 8-10 years of age, differences in nasal form continue to
be complex but the range in magnitude of visible differences is greater. The Children 8-10
years old were easier to rank and the reliability of rankings (ICC of 0.82) were better than
the Infants post-op. Ultimately, rater reliability was excellent for all 3 image-sets and the
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final consensus of the Americleft Surgeon Subgroup via rank sum score could be used as a
valid and granular standard against which objective measures could be assessed.

2. Objective measures correlate with qualitative assessments of severity and outcome

Although anthropometric analysis provides objective and quantitative measurement of form,
the clinical relevance of the various dimensions may or may not be of any clinical
significance. In our study, columellar angle, nostril width ratio, and lateral lip height ratio
were strongly correlated with pre-operative severity (Figure 8) and moderate predictors of
post-operative appearance. As with rater reliability, the smaller range in magnitude of
differences and the greater complexity of post-operative nasal deformity are likely
contributed to the lower correlations after cleft lip repair. Similar to our previous study2°,
anthropometric measures after surgery tend to normalize (Figure 5), but with further time
and growth, those differences become greater. Taken together, these three measurements
may be used to quantify severity and outcome and could be used to follow longitudinal
changes with time.

Fisher has previously found that columellar angle and nostril width ratio correlate with
expert surgeon appraisals of pre-operative cleft severityl®. Meltzer?! and Vathulya22 have
also reported that angulation of the columella is an important proxy of cleft severity
however, these studies used conventional photography, which is prone to error from parallax,
and only examined pre-operative severity. Our study validates these prior studies using 3D
imaging and also supports the use of these measurements post-operatively.

In addition to columellar angle and nostril width ratio, we also found that the discrepancy in
lateral lip height ratio was an important measure of pre-operative CLND severity. While
such a measure of lip deficiency may not intuitively make sense when evaluating nose
deformity, deficiencies of the lateral lip have been associated with hypoplasia. Measured
deficiencies of lateral lip have been associated with dental agenesis?%24, dental arch
deficiencies?®, and maxillary hypoplasia24. The lateral lip ratio may therefore be a surrogate
objective measure of cleft related hypoplasia when assessing cleft severity and the associated
nasal deformity.

3. Initial severity predicts outcome

We are not aware of other studies with appraisals of pre-op severity and post-op appearance
as robust as in our study. All of the infants in this study underwent cleft lip repair by the
same surgeon (RT) using the same approach and as a result of measuring correlations in the
absence of surgeon variability - we may have been more able to evaluate the connection
between post-operative outcomes with pre-operative factors. We found that both the pre-
operative rank severity and pre-operative anthropometric measures were predictive of the
immediate post-operative appearance as determined by expert surgeon consensus rank.
While the post-operative differences may be minor, they are detectable by surgeons who are
highly trained and capable of detecting subtle abnormalities. What we can’t directly answer
in our study is how relevant those abnormalities are to patients. Surgeons tend to rate
postoperative deformities more severely when asked to assess appearance on photos when
compared to individuals with clefts, lay people or parents26:27. Nonetheless, in one of our
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previous studies, lay people could detect post-operative differences in appearance that
seemed to be related to initial cleft severity. In that study, de-identified photographs of
children 8-10 years old were assessed by lay people via Crowdsourcing?8, It makes intuitive
sense that the more severe a deformity is, the more difficult it is to correct, and thus the
worse the outcome. Our findings also reaffirm the importance of taking into account pre-
operative severity with post-operative outcome when assessing surgical outcomes.

Future work

While much of what cleft surgeons do is based upon experience and expert opinion, in this
era of evidence-based medicine, there is a role for more objective assessment of outcome.
Quantification of an esthetic ideal remains elusive, however, based on this study, several
objective anthropometric measurements can and should be used to report outcomes.
Quantitative measures would reduce our reliance on subjective descriptors. In the short term,
these measurements would be helpful in incorporating measures of severity with reports of
treatment outcome. In the long term, these measurements could serve as the basis to develop
quantitative measurements of treatment success. By linking pre-operative severity and post-
operative success in a quantitative manner, we will be better able to understand the relative
effects of treatments, techniques, and protocols over time. Although conventional
photography is less costly and more readily available, 3D images provide new opportunities
for analysis. The ranked image sets are the consensus of the Americleft Task Force Surgeon
Subgroup and can potentially be used for other investigations. Our future work will focus on
leveraging the rich surface data on 3D images to produce more sensitive objective measures
of nasal deformity29-31,

Conclusions

Expert cleft surgeons can reliably rank subjects according to nasal appearance before cleft
lip repair, after cleft lip repair, and at 8-10 years of age. Based upon those rankings, we
found that pre-operative severity predicts post-operative appearance and thus studies that
report outcomes need to pre-operative measures. We found that columellar angle, nostril
width ratio, and lateral lip height are important anthropometric dimensions that can be used
for longitudinal assessment of treatment of the unilateral cleft lip nasal deformity and should
be included as objective measures when reporting results.
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Figure 1. Unilateral cleft lip nasal deformity
Pre-op: Displacement of the anterior nasal spine results in twisted deformity of nose and

collapse of columella and nasal arch forms.
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Figure 2. Unilateral cleft lip nasal deformity
Post-op: Significant correction has been achieved following primary cleft lip repair and

primary septoplasty (same patient as in Figure 1).
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Figure 3. Unilateral cleft lip nasal deformity
Age 8-10 years: Residual or recurrent nasal deformity can become more apparent with time

and growth (different patient than in Figures 1 and 2).
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Figure 4. Study Design
The purposes of this study were to determine if expert cleft surgeons could reliably rank

nasal appearance of infants before cleft lip repair, after cleft lip repair and at 8-10 years of
age; to determine if objective anthropometric were predictive of the consensus rankings; to
determine if pre-operative severity or objective measures of pre-op severity predicted post-
operative outcome.
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Figure 5. Ranking interface for 3D
(a) The main screen allowed users to change the order of the images by dragging and

dropping any image to desired location. (b) To enable a detailed comparison of the nasal
shape, 3D rendering of an image with two neighboring images was provided when it was
selected.
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®

Anthropometric Measurements

Anthropometric
Measurement (mm) No.* Measurement Definition Notations
Nose
Nasal width 19 Widest horizontal dimension from alare to alare al-al’
Columellar deviation (degrees) 2 Vertical deviation of columellar axis
Columellar width 8 Transverse width of columella at narrowest point sn-sn”
Nostril height, noncleft 4 Greatest vertical height of nostril
Nostril height, cleft (iCL only) 5 Greatest vertical height of nostril
Nostril width, noncleft 6 Greatest horizontal width of nostril
Nostril width, cleft 7 Greatest horizontal width of nostril
Cleft nostril remnant, medial ™ Shelf from columella to vermilion edge
(cCL only)
Cleft nostril remnant, lateral 7L Shelf from alar insertion to vermilion edge
(cCL only)
Lip
Lip width 20 Widest horizontal dimension from cheilion to cheilion ch-ch’
Cleft lip remnant height 3 Cutaneous remnant from nostril sill to cleft vermilion
(iCL only)
Medial lip height, noncleft 12 Subnasale to upper edge of white roll over crista philtri sn-cphi
Medial lip height, cleft 13 Subnasale to upper edge of white roll over crista philtri sn-cphi”
Lateral lip height, noncleft 10 Subalare to upper edge of white roll over crista philtri sbal-cphi
Lateral lip height, cleft 11 Subalare to upper edge of white roll over Noordhoff point sbal’-cphi”
Lateral lip length, noncleft 14 Cheilion to crista philtri ch-cphi
Lateral lip length, cleft 15 Cheilion to Noordhoff point ch’-cphi”
Cupid’s bow width 9 Crista philtri to crista philtri cphi-cphi’
Vermilion height, noncleft 16 Height of dry red lip at crista philtri
Vermilion height, medial cleft 17 Height of dry red lip at crista philtri
Vermilion height, lateral cleft 18 Height of dry red lip at Noordhoff point

iCL, incomplete cleft lip; cCL, complete cleft lip.

Figure 6. Anthropometric measurements
(Adapted from Tse R, Booth L, Keys K, Saltzman B, Stuhaug E, Kapadia H, Heike C.

Reliability of Nasolabial Anthropometric Measures Using Three-Dimensional

Stereophotogrammetry in Infants with Unrepaired Unilateral Cleft Lip. Plast Reconstr Surg.

2014; 133(4):530e-42¢)
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Figure 7. Distribution of anthropometric measurements in groups
Box-and-whisker plots for the most predictive anthropometric measurements of the 3 image

sets. The bottom and top of the boxes mark the first and third quartiles, the bands inside the
boxes mark the median (second quartile) and whiskers mark local minimum and maximum
(1.5 x interquartile range). Each data point is shown with a filled circle and mean point is
marked with an X. Data points lying outside the whiskers are outliers. Red dashed lines
show the perfect symmetry. The distribution of measurements was different for each of the 3
image sets. The Infant pre-op group had the widest variation (size of the box), while the
Infant post-op group had the smallest variation. The smaller variation suggests more similar
appearances, and thus greater difficulty making side-by-side comparisons to rank
appearances.
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Figure 8. Objective measurement of uUCLND
The columellar angle, nostril width ratio and lateral lip height ratio (top left corner of each

image) were tightly correlated with the pre-operative rank sum score (top row).
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Correlation of anthropometric measurements and the expert consensus (rank sum score) of nasal appearance
using Pearson correlation coefficient

Infants  Infants 8-10yo

Pre-op  Post-op  Post-op
Columellar angle —072% 022 g5 *
Cleft/Non-Cleft Nostril Width Ratio —080% -034F -041”
Cleft/Non-Cleft Nostril Height Ratio” 0417 -0.20 0.15
Cleft/Non-Cleft Nostril Height Ratio (NNCL method) g 40%* -0.23 0.12
Cleft/Non-Cleft Medial Lip Height Ratio 0.417% -0.29 -0.20
Cleft/Non-Cleft Lateral Lip Length Ratio -0.06 -0.12 0.02
Cleft/Non-Cleft Lateral Lip Height Ratio 0.79% 0.42% 0.16
Lip/Nasal Width Ratio 0.04 -0.05 0.18

Each image set included 45 subjects with unilateral cleft lip and 5 unaffected controls

7‘N:34.

*

(p<0.05).
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Correlation of pre-operative anthropometric measurements with post-operative expert consensus (ranks sum
score) of nasal appearance using Pearson correlation coefficient

Infants
Columellar angle —0.42%
Cleft/Non-Cleft Nostril Width Ratio -036~
Cleft/Non-Cleft Nostril Height Ratio” 032

Cleft/Non-Cleft Nostril Height Ratio (NNCL method) 31*

Cleft/Non-Cleft Medial Lip Height Ratio 0.24
Cleft/Non-Cleft Lateral Lip Length Ratio 0.06
Cleft/Non-Cleft Lateral Lip Height Ratio 0.43%

Lip/Nasal Width Ratio

0.13

Subjects included 45 infants with unilateral cleft lip and 5 unaffected controls

fN=34.

(p<0.05).
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