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Ar tic(e history: Objective: To compare the symmetry of the lip following Rotation-
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compared to that of non-cleft children.

Ic(leg/fvtv (l)irgsa;n d palate Design: Retrospective study of photographs of children aged 5
Millard years.

Pigott Setting: Three decades of post-operative photographs of children
Symnose treated by Millard and Pigott.

facial aesthetic outcomes Patients: Eighty-nine children treated by Millard, 87 by Pigott and

91 non-cleft children.

gate the effect on the symmetry of cleft side and gender by using
different surgical protocols. Symmetry following cleft surgery was
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Interventions: Photographs were assessed using the Symnose Com-
puter program, a rapid semi-objective quantitative assessment of
lip symmetry.
Main Outcome Measure(s): Asymmetry score for each surgeon, and
non-cleft children.
Results: There was no significant difference in the median lip
% mismatch score of Millard, 36.65% and Pigott, 38.52%. Right-
sided clefts showed better symmetry than left-sided clefts for Mil-
lard (p<.001). This was reversed for Pigott (P=.0121). There was
a difference (P<.001) between the symmetry of the two cleft co-
horts and the non-cleft children (asymmetry 19.9%), and between
Millard’s outcomes following different lip surgical protocols (P <
.0001), but no difference between Pigott’s outcomes using different
palate surgical protocols (P = 0.59).
Conclusions: Cleft lip repair by Millard and Pigott resulted in simi-
lar lip asymmetry (37% and 39% symmetry mismatch, respectively).
Lip surgical protocol and cleft side may affect lip asymmetry. Palate
surgery did not affect lip asymmetry. Following cleft surgery, chil-
dren were more asymmetric than non-cleft children.
© 2022 The Authors. Published by Elsevier Ltd on behalf of British
Association of Plastic, Reconstructive and Aesthetic Surgeons.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Introduction

In 1955, Millard (Figure 1a) described the rotation advancement (RA) method of repairing the uni-
lateral cleft lip,> and this technique rapidly became one of the most used methods of cleft lip repair
throughout the world.

Since 1970, Millard modified his cleft lip repair and used a preliminary lip adhesion followed by
formal RA repair a few months later,> and since 1979, he has been using pre-surgical orthopaedics, lip
adhesion and gingivoperiosteoplasty, and a few months later RA.* Millard did not report the effects of
these changes in technique on the appearance of the lip. Throughout his career, he did a soft palate
repair with the three-month lip procedure, and the hard palate was repaired at about 18 months of
age.*

Pigott (Figure 1b) studied under Prof. Millard in 1967 and established a large cleft practice in the
United Kingdom. He used the Millard RA technique for his lip repair throughout his career. Over three
decades, Pigott changed his palate repair technique in an attempt to improve facial growth. He ini-
tially used the Cuthbert modification of Veau Wardill Kilner.> He then utilised lateral Von Langenbeck
releasing incisions®, and finally he described the so-called Medial Langenbeck releasing incision. 7 He
published improved facial growth outcomes with this medial releasing technique.®

Facial appearance as an outcome of treatment for cleft lip+palate (CL£P) is of the utmost impor-
tance to the family and the child. However, despite numerous modifications of lip repair techniques,
there is little good-quality evidence that any one of the techniques described results in more accept-
able outcomes than any others. This is at least in part because there is no reliable and valid facial aes-
thetic outcome tool.” To date facial aesthetic outcome measures largely rely on subjective judgement
and methodological complexity,® ' and there have been minimal improvements in the reliability of
reporting facial aesthetic outcomes.!!

Pigott and Pigott developed the semi-objective symmetry measurement system known as Sym-
nose.'2> Symnose removes much of the subjectivity of human scoring. It also includes the whole
range of possible outcomes in contrast to about 30% of human raters who never score a result as
either Excellent (Likert 1) or Very Poor (Likert 5). Furthermore, a few human raters are almost ran-
dom in their ability to rate an image.'* Symnose has been proven to be a more objective assessment
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Professor Ralph Millard (left) and Professor Tony Wolfe (right) Ron Pigott

(a) (b)

Fig. 1. (a) Professor Ralph Millard (right) with a painting by Sir Harold Gillies, and his successor Professor Tony Wolfe (left)
2009. (b) Mr Ron Pigott. Permission has been obtained for use of these images.

method of facial symmetry for the evaluation of facial aesthetics after cleft surgery.'? In addition, Ko-
rnmann assessed an archive of facial photos of non-cleft male and female Caucasian 5-year olds to
create a benchmark asymmetry score for non-cleft children using Symnose.'>

The primary aim of this study was to use the Symnose programme to measure the symmetry of
the upper lip following cleft lip repair carried out by Millard and to compare this result to the sym-
metry achieved by Pigott using the technique taught to him by Millard. Secondary aims included the
investigation of the effect on lip symmetry of cleft side, gender and the surgical technique modifica-
tions used. Lip symmetry following cleft lip repair was also compared to the lip symmetry of non-cleft
children.

Materials and Methods

The study used historical data, and all patient identifiers were removed and photographs cropped
to a trapezoid mid-face such that they were pseudo-anonymised.

Millard cohort

Millard’s data consisted of patient demographics, operation notes, and pre- and post-operative pho-
tographs for 1427 children born between 1956 and 1997. This cohort included children with a wide
range of ages at presentation. Children with a complete Unilateral Cleft Lip and Palate (cUCLP) based
on a pre-operative photograph, operated on by Millard himself, and with an available photograph at
the age of 5 years (£2 years) were identified. From this list, the first consecutive 100 youngest chil-
dren were selected.

The photographs of these 100 children were cropped,’ and pseudonymized with a unique code
based upon date of birth, gender, cleft side and surgical management. Of the 100 children, 89 had
photographs of sufficient quality for subsequent Symnose assessment.

The Millard cohort consisted of 64 (72%) males and 25 (28%) females. Fifty-five children (62%) had
a left-sided cUCLP, and 34 (38%) had a right-sided cUCLP. Ethnicity was not recorded for the Millard
cohort.

Pigott cohort

From Pigott’s practice a consecutive series of 139 children with cUCLP confirmed by a pre-operative
photograph and born between 1972 and 1992 were identified. All were operated on by Pigott himself.
Five-year-old post-operative photos were cropped,' pseudonymized and given a unique code based
on date of birth, cleft side, and surgical management but not gender. Ninety-three children had 5-year
post-operative photographs, of which 87 of them were of sufficient quality for subsequent Symnose
assessment.
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The Pigott cohort of 87 children consisted of 59 (68%) with a left-sided cUCLP and 28 (32%) with
a right-sided cleft. All the children were Caucasian. From the original 139 children selected for Pigott,
96 (69%) were males and 43 (31%) females, but we were not able to confirm that the ratio was the
same for the 87 children examined in this study as that data were not available.

The proportions of gender and cleft side for the cohorts from the two surgeons were statistically
similar (Univariate analysis: Gender; P =.76, Cleft Side; P =.50) and consistent with published gender
and cleft side frequency in cUCLP.!!.16

Non-cleft cohort

The normal cohort consisted of 91 five-year-old children without CL+P. They were all Caucasian.
Forty-eight were males and 43 females. The details of the methodology and results using Symnose for
this cohort have been previously published as a reference scale for non-cleft lip symmetry.'”

Surgery
As described above, Millard had three phases of cleft lip repair technique:

15t - classic lip rotation advancement repair (RA);

2nd _ preliminary lip adhesion, followed by a later definitive lip repair (LARA);

31 _ presurgical orthopaedics, followed by lip adhesion with gingivoperiosteoplasty, and then lip
repair (POPLA).

The Millard cohort had a primary lip repair between 3 and 4 months, or a lip adhesion at 3-4
months and a definitive lip repair between 8-10 months. They all had a soft palate repair with the
3-month lip procedure, and the hard palate was repaired at about 18 months of age.*

Pigott used the Millard RA cleft lip repair with no presurgical orthopaedics for his whole career.
He performed the primary definitive lip repair with gingivoperiosteoplasty between 3-6 months of
age. Cleft palate repair was performed using one of the three techniques described below at the age
of 6 months.

15t - Veau Wardill Kilner palate repair (VWK)
2nd _ Von Langenbeck palate repair (VL)
3rd _ Medial Langenbeck palate repair (ML)

The exact age at primary surgery for each child was not available to the authors.

Pigott reported that several of his children had lip revision surgery before the photograph at the
age of 5 years, and this was also the practice of Millard (personal communication, Pigott). Pigott's
description of the patients in his three different palate repair techniques paper, states that 9 of the
70 children (13%) had a lip revision before the age of 5 years photo. There is no published record of
Millard’s lip revision rates, and we were not able to glean it from his records.

Symnose

All photographs were digitized for analysis. The Symnose program (version 6.22; © Brian Pigott
2007-2015) measures asymmetry using a tracing of the lower border of the nose and an outline of the
upper lip (Figure 2.) Details of the Symnose outcome measure are described in their original paper.'?
Perfect symmetry results in 0% mismatch.

Five independent investigators traced the lower border of the nose and the upper lip (Figure 2).
Not less than one week later, all investigators retraced the images for a second time. These raters
included a cleft surgeon, two cleft surgical trainees, and two medical students. They all had previous
experience in using Symnose.

There were two raters for Millard’s cohort and three different raters for Pigott's cohort. There was
no statistically significant difference in lip perimeter mismatch (asymmetry percentage) between the
first and second tracings. The Intraclass Correlation coefficient (ICC) of the five raters ranged from
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(@) (b)

Fig. 2. (a) The Symnose program (version 6.22) measures asymmetry after tracing the lower border of the nose and an outline
of the upper lip. A vertical axis bisects a line joining the medial canthi. For the lip the axis of reflection is drawn through the
widest points of the lip. (b) The same upper lip image traced by two different raters. The visual differences between the two
lines demonstrates the semi-objective nature of the assessment. Each rater traces all the images and repeats the process after
2-6 weeks. Thus, an intra-rater and inter-rater validity can be assessed.

0.76 to 0.87, and the inter-raters ICC was 0.69 (Millard: two raters) and 0.70 (Pigott: three raters). The
inter- and intra-observer agreement was found to be Good to Excellent between the five tracers for
the lip tracings.!”

The images were archived and then imported into Symnose, one at a time, correlated by superim-
posing the canthal roundels, and a percentage mismatch calculated.

Statistical analysis

Descriptive statistics were applied to the summarized data. Specifically, the median with first and
third quartiles together with minimum and maximum values were used for percentage of lip mis-
match, and numbers and percentages were used for categorical data. Between and within observer
agreement were quantified by the ICC. The Mann Whitney U test was used to compare median lip
symmetry scores from the two surgeons’ differing surgical techniques, cleft side and gender. To con-
sider the impact of covariates (surgical technique and cleft side) on lip mismatches, linear mixed effect
model'® was applied in order to take into account that there were several raters tracing the same pa-
tients’ pictures multiple times. A likelihood-ratio test was used to compare various nested models to
determine key covariates that influence the outcomes. Mean and standard error were used to report
the effect size of the covariates. P-values were quoted when possible, and the threshold considered for
statistical significance was P<0.05. All analyses were conducted using R (version 3.6.0; https://www.
r-project.org/). R Packages Ime4 (https://cran.r-project.org/web/packages/lme4/index.html) were used
for mixed effect modeling.

Results

Table 1 shows the un-adjusted (raw) percentage lip mismatch score by the two surgeons, stratified
by surgical technique, the side of the cleft, and gender. There was no significant difference in the
overall median (Q1, Q3) lip percentage mismatch for Millard [36.6% (26.2%, 53.2%)] and for Pigott
[38.5% (27.3%, 54.5%)] (P =.149).
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Table 1
Symnose results presented as a percentage lip mismatch by surgeon, technique, and side of cleft.
Surgeon,Technique, Time period the technique  Cohort size Lip asymmetry percentage (Min, Max)
Cleft side was practised Median (1%, 3" quartile)
Millard N=89 36.6 (26.2, 53.2)
Technique
RA 1956-1971 (n=15) 19 29.9 (24.7, 42.0) (14.9, 79.9)
1973 (n=2)
1977 (n=1)
1996 (n=1)
LARA 1970-1990 (n=32) 33 37.7 (26.4, 52.8) (13.3, 80.9)
1993 (n=1)
POPLA 1979-1997 37 39.5 (27.1, 60.8) (13.6, 132.9)
Side
Left 55 40.5 (28.9, 56.5) (13.6, 132.9)
Right 34 30.3 (24.7, 44.3) (13.3, 84.6)
Gender
Male 64 36.3 (25.3, 51.1) (13.3, 102.2)
Female 25 40.6 (28.1, 58.2) (13.6, 132.9)
Pigott N=87 38.5 (27.3, 54.5)
Technique
VWK 1972-1980 41 37.3 (27.5, 53.5) (15.1, 151.6)
VL 1981-1989 34 38.4 (26.9, 53.1) (9.1, 164.8)
ML 1990-1992 12 45.8 (29.7, 71.8) (12.0, 103.5)
Side
Left 59 35.4 (26.9, 49.9) (9.1, 151.6)
Right 28 45.4 (31.3, 66.1) (12.1, 164.8)

Millard lip techniques were: RA = Rotation Advancement, LARA = Lip adhesion and later definitive repair, POPLA = Pre sur-
gical orthopaedics then lip adhesion and gingivoperiosteoplasty, and a few months later rotation advancement. Pigott palate
techniques were: VWK = Veau Wardill Kilner V-Y retroposition, VL = Lateral von Langenbeck, ML = Medial von Langenbeck,
releasing incisions.

Millard’s Lio Mismatch % Pigott’s Lio Mismatch %
8 o
5 . i i B T T i
" = - T

Technique Technique

Fig. 3. The box plot data for lip asymmetry for Millard’s three different surgical protocols and Pigott’s three different palate
repair techniques that each used respectively through their careers.

Of Millard’s 89 patients, 21%, 37%, and 41% had RA, LARA, and POPLA cleft lip repair protocols,
respectively. The RA group had a median mismatch of 29.9% (IQR: 24.7, 42.0) compared to 39.5% (IQR:
271, 60.8) median mismatch in the POPLA group. There was a statistically significant difference (P <
.0001) between these surgical protocols (Figure 3).

All of Pigott's 87 patients had a RA lip repair, and 47%, 39%, and 14% of the children had VWK,
VL, and ML palate repair protocols, respectively. There was no significant difference in lip symmetry
between these three palate repair protocols (P 0.59) (Figure 3).

150



F. Maggiulli, C. Hinton, L. Simpson et al. JPRAS Open 33 (2022) 145-154

&-&3

Millard Pigott

Fig. 4. Cropped images of two examples of the most symmetric lip outcomes for Millard and Pigott.

In the Millard cohort, right-sided clefts resulted in a better median mismatch score (30%, IQR: 24.7,
44.3) than left-sided clefts (41%, IQR: 28.9, 56.5) (P < .0001). In the Pigott cohort median, mismatch
scores were better for left-sided clefts (35%, IQR: 26.9 49.9) than for right-sided clefts (45%, IQR: 31.3,
66.1) (P = .0121).

Compared separately to the normal children, who had 19.9% median asymmetry (Kornmann et al.,
2019), both cleft cohorts were significantly less symmetrical, P < .001.

In the Millard cohort, males (36.26%, IQR 25.30, 51.15) had better symmetry than females (40.59%,
IQR 28.05, 58.21) (P<0.0001). There was no gender data for children in the Pigott cohort. Clinical
photographs showing two examples of the included patients of Millard and Pigott are shown in
Figure 4.

Discussion

The aim of this study was to measure lip asymmetry following cleft lip repair by Millard and Pigott
using the Symnose outcome measure. Overall, the post-operative lip asymmetry of these two surgeons
did not differ significantly, and for both surgeons was significantly greater than the asymmetry of
children who had no facial surgery. The difference between the symmetry found in non-cleft children
and those who had a cleft lip repair was the largest difference in symmetry in this study.

Recently, 240 A/P photos of 5-year-old cUCLP children collected as part of the Cleft Care UK (CCUK)
study (See refs.2%21) were assessed using the Symnose measure. These children were treated using
varying surgical protocols. The median asymmetry of this group was 37.2%, which is comparable to
the results of Millard (36.6%) and Pigott (38.5%) in this paper and suggests that there is little evidence
that lip symmetry, as assessed objectively by Symnose, has improved in recent decades.

Investigation of the association between lip repair protocol and lip asymmetry showed that Mil-
lard’s most symmetric results were achieved earliest in his career using the least surgical intervention,
namely, a lip repair involving RA alone. The least good results occurred later in his career when he
used presurgical orthopaedics and a lip adhesion before definitive lip repair. It is possible that ad-
ditional scarring in the alveolus following the lip adhesion could have contributed to a less good
outcome. This is consistent with the findings of the Dutch cleft randomized controlled trial which
showed no positive or negative effect of presurgical orthopaedics on facial appearance.'”

In contrast, palate repair technique would not particularly be expected to affect frontal facial aes-
thetics and, in this study, no association was found between palate repair technique and lip symmetry
in the Pigott cohort, who all underwent the same lip repair technique but had three different palate
repair techniques. This is consistent with Lee2° who found no relationship between frontal and worms
eye view facial aesthetics (using the Asher McDade method)?! and maxillary retrusion (measured us-
ing the five-year index) in children with cUCLP. Both Symnose and Asher McDade methods use a
frontal 2D photograph which will not clearly show the effects of maxillary retrusion.

The children in this study were grouped according to their surgical protocol over time. If increased
experience leads to better outcomes, it might be expected that the most recent surgical protocols
would result in least asymmetry. This was not the case. In the Millard cohort, the most recent lip
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surgery technique group had the least symmetry. In the Pigott cohort, who all had the same lip
surgery technique, lip asymmetry remained similar over time. This may be because both surgeons
were experienced cleft surgeons prior to treating the children in this study, and both could be consid-
ered relatively ‘high volume’ operators.?> The increased lip asymmetry in the younger Millard children
in this study was most likely due to changes in lip repair protocol.

This study showed that asymmetry following cleft lip repair differed according to the side of the
cleft. This was found in both the Millard and the Pigott cohorts, but in the Millard cohort right-
sided clefts resulted in better symmetry and in the Pigott cohort left-sided clefts resulted in better
symmetry. It may be of note that Millard was right-handed and Pigott was left-handed. There is,
however, no obvious explanation for how the handed-ness of the surgeon might have an effect on
outcome.

The authors have previously noted that human raters of cleft repair images attribute about 15%
of increased severity of asymmetry to right-sided clefts.'* This is thought to be an unconscious bias
on the part of the human observer as the finding can be eliminated by mirroring the right to ap-
pear as left-sided clefts.!®22 Advice for human raters of 2D photographs by an Asher McDade type
assessment is to convert all the right-sided clefts to be viewed as left-sided before starting the as-
sessment.'® Symnose itself does not see any difference in symmetry between right- and left-sided
clefts, but it is possible that there is a human bias at the time of the tracing of the image on the
digitiser.

This study has limited information on gender, but where there was information, males were found
to have statistically significant better lip symmetry than females. In the Symnose study on 5-year-
old non-cleft children, males were also found to have statistically significant better symmetry than
females.!> The gender of the child is not easily apparent to the rater of a cropped naso-labial image
nor to the human digitising a Symnose image. However, in studies, where the whole face was seen
by raters of craniofacial malformations, female subjects received higher facial impairment scores than
males. The raters’ gender was found to be neutral to the outcome.?3-2* The authors suggest that in
future studies both gender and the side of the cleft are considered as additional confounding factors
for facial aesthetic outcomes.

The measurement of lip asymmetry as an aesthetic outcome using Symnose helps to remove the
subjective element of the outcome measure and also now allows us to compare against a non-cleft
population. This study provides a benchmark of lip asymmetry outcomes. Further studies of younger
cohorts of children representing different surgeons and/or techniques are needed before we can con-
fidently say there is evidence of improvement in lip symmetry since Millard originally described his
RA technique.

Limitations

Pigott selected the children in the two surgeon’s cohorts which may have introduced bias. How-
ever, there was no significant difference between the overall lip asymmetry for the two operators so
it is unlikely that selection bias has occurred.

As the data studied was historic, information was missing in one or both cohorts of children in a
number of areas. The authors were not able to identify the exact age at the time of lip surgery for
Millard’s cases. This study is unable therefore to investigate whether the timing of lip surgery affected
symmetry at the age of five years, as opposed to the technique used.

Inadequate information was available regarding the number of children who had lip revision
surgery before the age of five for Millard, whilst for Pigott, it was approximately 13%.2 We under-
stand that both practised lip revision and this would be important information to know before any
one surgical technique, or protocol, or surgeon could be considered to result in better outcomes than
another.

The ethnicity of the Millard group is not known; thus, it was not possible to investigate whether
ethnicity had an impact on symmetry outcomes. Ethnicity is known to affect lateral view aesthetics,?6
but the Symnose technique assesses frontal view symmetry mismatch between the two halves of the
lip. Ethnicity is unlikely to be a significant factor in this study.
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In Millard’s cohort, post-operative photographs were taken at age 5 plus or minus 2 years. In Pig-
ott’s cohort, the post-operative photos were all taken at age five plus or minus a few months. Infor-
mation on the gender of the children studied was not available for the Pigott cohort.

Symnose has now added a Thin Lip Correction (TLC) feature and this appears to improve the relia-
bility of the symmetry assessment.'> We were not able to use this feature as we no longer had access
to the original Symnose files to be able to add this assessment via the new software package.

Symnose is an objective and unbiased tool which is easy to use but is not a surrogate for human
raters as facial aesthetics is more than just asymmetry. Artificial intelligence and 3D assessments may
yet provide a better outcome measure in the future.

Conclusion

This study established the degree of lip asymmetry at the age of 5 years (£2 years) in a cohort
of children with cUCLP treated by Millard, providing a benchmark for future studies, and showed
that Pigott achieved similar lip asymmetry using a similar technique. Additional lip surgery and gin-
givoperiosteoplasty appeared to reduce lip symmetry for Millard. But modifications in palate surgery
by Pigott made no difference to lip symmetry. Lip symmetry results may be affected by the gender
of the child and the side of the cleft. The greatest asymmetry difference found was between the two
cleft cohorts and the non-cleft cohort.
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