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Background: Cleft lip repair with the Millard technique has 
undergone many modifications throughout the years, yet 
analysis of the successes of these various methods is still 
lacking. 
objectives: To make a quantitative evaluation of the outcomes 
obtained after unilateral cleft lip surgical repair using the 
Kernahan and Bauer technique with primary rhinoplasty.
methods: Five anatomical parameters for evaluating upper 
lip and nostril symmetry were compared between the cleft 
and the normal side at least 1 year post-surgery in 23 children 
who underwent unilateral cleft lip repair with this particular 
technique.
results: Surgical success (defined as a 10% or less deviation 
between the cleft and contralateral side) was achieved for four 
of the five parameters: distance between oral commissure 
and peak of Cupid’s bow, nasal sill width, distance between 
peak and lowest point of Cupid’s bow, and vertical distance 
between the highest point of the philtral column and lowest 
point of the upper lip. Surgical success was not achieved for 
the last parameter: length of philtral column.
conclusions: Unilateral cleft lip repair using the Kernahan 
and Bauer technique with primary cleft rhinoplasty is mostly 
successful when aiming to achieve symmetry between the 
cleft and the normal side of the upper lip. Success was elusive 
in achieving symmetry between the philtral columns despite 
an overall average difference of only 1.2 mm. 
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s urgeons have been repairing cleft lip deformities for 2000 
years since it was first attempted during the Qin Dynasty 

in China. Today, unilateral cleft lip is one of the most common 
congenital craniofacial anomalies treated by plastic surgeons, 
and its incidence in the general population worldwide is approx-
imately 0.5 per 1000 births [1,2]. The etiology is mulitfactorial, 

and this condition may be accompanied by other syndromatic 
malformations. Long-term sequelae of cleft lip malformation 
may include difficulty in oral continence, speech disability, 
and other psychological effects stemming from a negative self-
image. Therefore, ideal treatment involves a multidisciplinary 
approach incorporating dentists, audiologists, orthodontists, 
speech therapists, psychologists, plastic surgeons, and others. 
Ultimate treatment necessitates surgical intervention, which is 
commonly performed at age 3 months. 

Surgical techniques for unilateral cleft lip repair are varied, 
and there is no one prevailing method or standard. Originally, 
straight-line closure techniques were prevalent, yet with time 
Mirault [3] advocated incorporation of local upper and lower 
lip flaps to close the deficit via advancement of tissue from 
one side of the cleft to the other. Numerous flap designs exist 
for cleft lip closure, among them the lateral quadrilateral flap 
by Le Mesurier [4], and the lateral triangular flap by Tennison 
[5]. Despite the range of variation, the most commonly applied 
base technique worldwide today is the medial rotation and 
lateral advancement flap technique originally introduced by 
Millard [6] in 1955. What the Millard technique offered and 
others failed to provide was preservation of Cupid’s bow and 
the philtral dimple. With time, primary nasal reconstruction 
addressing nasal tip asymmetry at the time of cleft lip repair 
became widely accepted [7], simplifying the definitive sec-
ondary rhinoplasty often necessary in these patients during 
adolescence. Since its introduction more than 50 years ago, 
there have been many modifications of the Millard technique, 
and partiality of one over the other remains a personal surgical 
preference rather than a statistically proven champion. 

The purpose of this study was to evaluate the lip and nasal 
symmetry in children with unilateral cleft lip treated with the 
functional unilateral cleft lip repair by Kernahan and Bauer 
[8] combined with primary cleft rhinoplasty. 

Patients and metHods

In this retrospective cohort study, each subject served as his 
or her own control, i.e., the repaired cleft and nostril was 
compared with its non-deformed counterpart. The study 
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Figure 3. Average distances of the healthy and corrected sides for 
each parameter
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group consisted of 23 patients, both male and female, born 
with non-syndromatic unilateral and complete cleft lip defor-
mity. Whether or not nasoalveolar molding was performed 
on our subjects was not recorded. All patients were operated 
on at age 3 months by the senior author during the years 2003 
and 2008. Measurements of the cleft and non-cleft sides were 
conducted approximately 1 year after surgical repair. All mea-
surements were carried out with the same digital caliper and 
by the senior author for each measurement parameter and not 
extrapolated from accompanying photographs. Patient consent 
was obtained from each subject after the study was approved 
by the Hadassah Medical Center Helsinki Committee. 

The anatomical landmarks and distances between them 
that were measured were: A) the distance between the oral 
commissure and the peak of Cupid’s bow on each side, B) 

the length of the philtral columns, C) width of the nasal sills, 
D) the distance from the peak of Cupid’s bow on each side to 
the lowest point on Cupid’s bow, and E) the vertical distance 
between the superior point of the philtral column (directly 
below the columella) and the inferior border of the upper 
lip [Figure 1]. 

The authors acknowledged surgical success when each aver-
age parameter variation between healthy and corrected side 
was no larger than 10%. Differences between corrected and 
healthy sides were evaluated using the Wilcoxon signed rank 
test. We describe the absolute differences using the mean (with 
standard deviation), median (with interquartile range), and 
minimum and maximum values. We used the frequency table 
to describe the percentage of patients with less than 5%, 10% 
and 15% differences between the healthy and corrected sides. 
All the data were organized within an Excel (Microsoft 2008) 
spreadsheet, and subsequently analyzed using SPSS statistics 
version 21. P < 0.05 was defined as statistically significant. 

results

The bidirectional variation of lengths (in milimeters) between 
the corrected and the healthy side after functional repair of uni-
lateral cleft lip using the Kernahan and Bauer technique with 
primary rhinoplasty is shown in Figure 2, presented in Table 1, 
and summarized in Figure 3. Surgical success (defined as a 10% 
or less bidirectional deviation between the sides) was obtained 
for parameter A (distance between each oral commissure to the 
peak of Cupid’s bow on the relevant side), parameter C (nasal 
sill width), parameter D (distance between peak of Cupid’s bow 
on each side to the lowest point of Cupid’s bow), and parameter 
E (vertical distance between the superior point of the philtral 
column and the inferior border of the upper lip). The results of 
the surgical technique chosen were not successful (more than 
10% difference between healthy and corrected sides) when 
comparing the philtral column length (parameter B) between 
the corrected and healthy side, despite an average absolute dif-
ference of only 1.2 mm. 

Figure 1. Diagram of cephalometric 
parameters of the upper lip: A) 
the distance between the oral 
commissure and the peak of Cupid’s 
bow on each side, B) the length of 
the philtral columns, C) the width of 
the nasal sills, D) the distance from 
the peak of Cupid’s bow on each 
side to the lowest point on Cupid’s 
bow, and E) the vertical distance between the superior point of the 
philtral column (directly below the columella) and the inferior border of 
the upper lip

Figure 2. Intraoperative photograph of left unilateral and complete 
cleft lip deformity [a], and postoperative photograph of same 
patient [B] after cleft lip repair via the Kernahan and Bauer 
technique with primary cleft rhinoplasty
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symmetry of the nostrils and nasal sills. Furthermore, it should 
minimize the apparent scar at the base of the columella. 

In the study presented here, unilateral complete cleft lip 
repair using the Kernahan and Bauer technique with primary 
rhinoplasty [7,8] was evaluated by measuring the differences of 
various parameters between the corrected and healthy sides of 
the face. In other words, the healthy side of the face served as 
the control “group” to which the corrected side was compared. 
Five parameters of the upper lip and nose were chosen for 
measurement, namely the distance between the oral commis-
sure and the peak of Cupid’s bow on each side (A), length of 

After statistical analysis for the majority of parameters 
(A–E), it was found that the P value for the average difference 
between healthy and corrected sides was more than 0.05, thus 
supporting our null hypothesis that there is no real difference 
between sides. However, when the Wilcoxon signed rank test 
was applied, parameter B showed a P value of less than 0.05, 
thus supporting a statistically significant difference between the 
healthy and corrected sides of the philtral columns. 

discussion

Despite the various techniques available for unilateral cleft lip 
repair, no one method provides flawless results and each method 
of correction comes with its own set of inherent disadvantages. 
Many studies have attempted to compare the efficacy of one 
method over another [9-19], but lack of standardization has 
proven an obstacle for obtaining conclusive results. This study 
aims to objectively evaluate the symmetry of results of com-
plete unilateral cleft lip repair using the Kernahan and Bauer 
technique with primary rhinoplasty. This aim was achieved by 
measuring various parameters of the upper lip and nose and 
making comparisons between the corrected and healthy sides.

Kernahan and Bauer emphasized the need for a functional 
orbicularis muscle reconstruction in 1983 [7,8]. Following 
accurate and anatomical muscle repair, skin closure is carried 
out, typically employing one Z-plasty at the nostril floor and 
a second Z-plasty approximately 1 mm above the mucocuta-
neous junction. The goal of these cutaneous Z-plasties is to 
obtain the needed length of the cleft side philtral column and 
subsequent symmetry between both halves of the upper lip. 
As stated, additional primary rhinoplasty to this cleft lip repair 
technique further enhances the appearance of the commonly 
associated nasal alar deformity, and this is achieved by dis-
section of the lower lateral alar cartilage on the cleft side, fol-
lowed by application of the Tajima suture on the cleft side. The 
importance of primary rhinoplasty during cleft lip repair is to 
narrow the width and reintroduce the normal flare of the cleft-
side nostril, and thus achieve symmetry not only between both 
sides of the upper lip but between the nostrils as well [1,13]. 
Briefly, the surgical technique involves presurgical marking of 
anatomical landmarks on the upper lip and nostril, lifting the 
L-flap, separating the orbicularis muscle from the overlying 
skin and underlying oral mucosa, undermining the skin from 
of the lower lateral cartilage and nasal tip of the cleft side, 
placement of Tajima sutures within the cleft side nostril, and 
suturing the oral mucosa, the orbicularis muscle, and finally 
the overlying skin with an upper Z plasty around the nasal sill 
and a lower Z-plasty at the vermilion border [7,8].

For any cleft lip repair technique aiming to achieve maximal 
aesthetic results, it must prioritize the quality and symmetry 
of Cupid’s bow, the philtral columns with a well-aligned white 
roll, a philtral dimple, slight pout of the vermilion tubercle, and 

table 1. Quantitative data collected from all the patients in this study

Parameter

Patient a a’ B B’ c c’ d d’ e e’

1 19 20 7 7 11 10.5 5 5 17 18

2 22 22 9 9 9 10 4 4 15 19

3 19 18 9 11 12 12 5 5 17 16

4 18 19 15 17 15 13 7 7 17 16

5 16 17 9 10 9 8 5 5 12 11

6 20 20 8 10.5 13 13 7 8.5 18 18

7 22 19 8 10 10 9.5 7 7 16 15

8 20 20 8 9 14 13.5 5 7 16 16

9 16 16 5 6 12 11 5 5.5 16 16.5

10 18 19 7 8 11 9 5 6 14 14

11 18 18 6 10 9 9 6 6 12 13

12 18 19 3 4 9 9 4 4 13 15

13 19 19 10 10 8 8 5 5 13 15

14 12 12 6 8 10 9 4 4 13 13

15 23 23 10 11 10 9 6 6 14 15

16 19 20 7 7 11 11 5 6 15 15

17 17 17 7 9 10 11 7 7 14 15

18 15 16 6 7 11 10 5 5 14 13.5

19 21 22 10 7 10 10 7 7 14 15

20 18.5 19 9 9 11 12 6 6 14 15

21 20 20 9 10 6.5 7 4 4 10 10

22 20 20 6 6 10 10 5 4 15 14

23 22 22 9 10 11 11 6 7 26 26

Mean difference (SD)
Median (IQR)
Min, Max

0.54 (0.72)
0 (0-1)

0, 3

1.24 (1.06)
1 (0-2)

0, 4

0.61 (0.62)
0.5 (0-1)

0, 2

0.35 (0.59)
0 (0-1)

0, 2

0.87 (0.91)
1 (0-1)

0, 4

Average % difference 1% 11% 3% 5% 2%

Wilcoxon signed rank 
test P value

0.130 0.003 0.115 0.071 0.154

% of subjects with less 
than 15%, 10%, and 
5% difference

98.7%, 
95.7%, 
82.6%

60.9%, 
43.5%, 
30.4%

95.7%, 
78.3%,
 52.2%

78.3%, 
74.0%, 
73.9%

95.7%, 87%, 
39.2%

% of patients with no 
difference 

52.2 26.09 39.13 69.57 30.43

For each parameter category, the prime symbol designates the healthy side
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the philtral columns (B), width of the nasal sills (C), distance 
between the peak of Cupid’s bow on each side to the lowest 
point on Cupid’s bow (D), and vertical distance between the 
superior point of the philtral column (directly below the colu-
mella) and the inferior border of the upper lip (E). 

Of the 23 patients evaluated approximately 1 year post-
surgery, it was found that four of the five parameters showed 
minimal differences between the healthy and corrected sides 
(average difference of 10% or less), while one parameter failed 
to sustain a difference of 10% or less (namely, parameter B: the 
length of the philtral columns). When comparing corrected and 
healthy sides for this particular parameter, the average differ-
ence between the sides was approximately 11%, which was not 
satisfactory given the decided-upon threshold. Furthermore, 
when applying the Wilcoxon signed rank test, parameter B 
had a P value less than 0.05 and thus reflected a statistically 
significant difference between the healthy and corrected sides 
of the philtral columns. 

conclusions

Despite the many surgical techniques available for unilateral 
cleft lip repair, the predominance of one method over the other 
is commonly due to surgical preference rather than proven 
superiority. This study aims to provide insight into the predomi-
nantly successful results obtained when applying the technique 
of Kernahan and Bauer with primary rhinoplasty. Five anatomi-
cal parameters were chosen and average differences between 
healthy and corrected sides for each parameter were measured. 
Four of the five parameters exhibited “surgical success” (differ-
ence of ≤ 10% between healthy and corrected sides), while one 
parameter failed to remain within this 10% range. Despite the 
need for a larger study group in order to achieve better statistical 
and conclusive results, the surgical technique described here is 
largely successful in achieving overall symmetry of the upper 
lip and nostril regions.
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During an infection, T cells divide extensively and secrete pro- 
teins that can severely damage tissues. But T cells know 
when to stop – they express proteins on their surface such 
as CTLA4, which put on the brakes. Kuehn et al. report ge- 
netic evidence of the importance of CTLA4 in humans. They 
identified six patients with mutations in one copy of CTLA4. 

Patients presented with symptoms of an overzealous immune 
response, with immune cells infiltrating their organs. The 
findings support the idea that CTLA4 tells the immune system 
when enough is enough. 
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Beware of t cells that don’t know how to stop




