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Background: The incision design for correcting a unilateral cleft lip is important because all subsequent stages of surgery depend on the access and maneuverability of the incision. This prospective cohort study compares the aesthetic and functional outcomes of three different skin incisions for primary
unilateral cleft lip repair.
Methods: Patients with complete unilateral cleft lips (n ⫽ 1200) were enrolled
and divided into three groups of 400 patients. Each group of patients was
operated on with the Millard incision, Pfeifer wave line incision, or Afroze
incision. Outcome assessments were performed 2 years postoperatively and
consisted of assessment of the white roll, vermilion border, scar, Cupid’s bow,
lip length, nostril symmetry, and appearance of alar dome and base.
Results: With regard to white roll, vermilion border, scar, Cupid’s bow, and lip
length, the Afroze incision always gave superior results compared with the Millard
or Pfeifer incision. Depending on the cut-off for treatment success, the Afroze
incision also showed better results regarding nostril symmetry. With respect to the
alar base and alar dome, all three incisions showed comparable outcomes.
Conclusion: The Afroze incision is superior regarding a broad spectrum of outcomes in a heterogeneous population of patients with unilateral cleft lip. (Plast.
Reconstr. Surg. 125: 1208, 2010.)

T

he anatomical basis for a cleft lip defect is far
removed from the normal orientation. Compared with the noncleft patient, the three
groups of superficial facial muscles (i.e., the nasolabial, bilabial, and labiomental) are all displaced inferiorly.1 The orbicularis oris muscle
finds a new and abnormal insertion on the cleft
side and a partially distorted insertion on the noncleft side.2 The Cupid’s bow on the cleft side and
the white skin roll on both sides are also distorted.3
The treatment goals for cleft lip defects are early
correction of the cleft, with primary correction to
a tension-free, mobile, and balanced lip.4
The repair of any cleft lip deformity should
take not just incision lines into account. A functional anatomical repair of the underlying hard
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and soft tissues is essential. Manipulation and repositioning of the mucocutaneous tissues must be
addressed only once sound foundations have been
laid. A primary surgical approach that allows natural facial growth and development, minimizing
the need for future secondary procedures, should
be every cleft surgeon’s goal.5
Many surgical techniques and flap designs
have been documented to repair unilateral cleft
lips.6 –10 Probably the most commonly used is the
rotation-advancement technique described by
Millard.11,12 The Millard incision is based on a
rotation flap on the noncleft side coupled with an
advancement flap on the cleft side.11,12 In one form
or another, it is the most widely practiced method
today.5
The Pfeifer incision is designed using the concept of “morphologic order.” Measurements of
the noncleft side height and length are recorded
and translated to the cleft side using a flexible
wire, thus determining natural anatomical points.
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The “straight-line” incisions on cleft and noncleft
sides are made of equal lengths by incorporating
a series of waves leading to a final scar that should
follow the lateral line of the philtrum.13
In an earlier study conducted at the same institute, the aesthetic and anatomical differences
between the two incisions were compared, and
some significant differences in assessing postoperative results were found. First, for vermilion
match, the Millard technique produced a better
outcome. Second, lip length was significantly better with the Pfeifer incision.5 The study also concluded that neither incision was predominantly
better than the other.5
A new design variant incision was developed,
combining the Millard incision on the noncleft
side (medial side) and the Pfeifer incision on the
cleft side (lateral side). This was performed to use
the advantages of the Millard incision on the noncleft side, which needs rotation, and the Pfeifer
incision on the cleft side, which needs lengthening. This incision was called the Afroze incision
and has been used in this center since 2002.14 In
this incision design, the Millard flap on the noncleft side is rotated downward and the peak of
the distal curve of the Pfeifer flap is positioned
in the triangular defect formed by the movement
of the Millard flap. The proximal curve lengthens
downward to receive the Millard C flap.14 The
purpose of the present study was to compare the
aesthetic and functional outcomes of the three
different skin incisions and flap designs for primary unilateral cleft lip repair.

PATIENTS AND METHODS
In this prospective cohort study, 1200 patients
were included over a period of 4 years. The first
cohort of patients was treated using the Millard
incision between September of 2001 and October
of 2002; the second cohort of patients was treated
using the Pfeifer incision between November of
2002 and January of 2004; and the last cohort of
patients was treated using the Afroze incision between February of 2004 and March of 2005. All
patients had a complete unilateral cleft lip with or
without cleft palate. Only nonsyndromic patients,
who were operated on before age 5 years, were
considered. The patients were divided into three
cohorts of 400 patients each.
Surgical Procedures
The first cohort was treated using the Millard
incision, the second cohort was treated using the
Pfeifer incision, and the last cohort was treated
using the Afroze incision. Irrespective of incision
used, all underlying primary surgical repair followed the functional method of muscle repair as
detailed by Delaire.15 Four surgeons were involved, and their individual caseloads were 536,
322, 176, and 166, respectively. All four surgeons
involved had a balanced caseload with regard to
the three techniques.
Data Collection
Data collection was performed at 6 months
and 2 years postoperatively. Only the 2-year postoperative data were considered.

Table 1. Grading Criteria for Quality of the Lip Repair*
Good
White roll match
Vermilion match

Perfect
Perfect

Scar appearance

No hypertrophy

Cupid’s bow form

Perfect

Lip length

Difference of ⱕ5 mm length on cleft
and noncleft sides
Difference of ⱕ1 mm in height and
width with noncleft side

Nostril symmetry
Alar dome

Equal curvature to the noncleft side

Alar base

At the same level of the noncleft side

Average

Poor

Disparity ⱕ1 mm
Disparity of brown and pink
mucosa ⱕ1 mm
Hypertrophy with no
disturbance of Cupid’s
bow or columella
Distortion on cleft side
ⱕ2 mm
Shortening on cleft side
⬎5 mm and ⱕ10 mm
⬎1 mm or ⱕ2 mm in
either height or width
with the noncleft side

Disparity ⬎1 mm
Disparity of brown and pink
mucosa ⬎1 mm
Hypertrophy with
disturbance of Cupid’s
bow or columella
Distortion on cleft side
⬎2 mm
Shortening on cleft side
⬎10 mm
⬎2 mm in either height or
width with noncleft side

Difference of ⱕ1 mm
compared with the
noncleft side

Any depression compared
with the noncleft side
Difference of ⬎1 mm
compared with the
noncleft side

*From Reddy GS, Webb RM, Reddy RR, Reddy LV, Thomas P, Markus AF. Choice of incision for primary repair of unilateral complete cleft
lip: A comparative study of outcomes in 796 patients. Plast Reconstr Surg. 2008;121:932–940.
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Fig. 1. Preoperative and postoperative frontal views of repair performed with the Millard
incision, with a good score on all parameters. (From Reddy GS, Webb RM, Reddy RR, Reddy LV,
Thomas P, Markus AF. Choice of incision for primary repair of unilateral complete cleft lip: A
comparative study of outcomes in 796 patients. Plast Reconstr Surg. 2008;121:932–940.)

All patients who were enrolled in the study
were recalled at 2 years postoperatively on the first
three Saturdays of each month. Thirty patients
were seen at each sitting by all four operating
surgeons as a group. The four surgeons were also

the observers. The surgeons were blinded to the
patient’s name and to the name of the surgeon
who performed the surgery. Physical measurements were performed on the patients and recorded. Any disagreement between the surgeons

Fig. 2. Preoperative and postoperative worm’s-eye views of repair performed with the Millard incision, with a good score on all parameters. (From Reddy GS, Webb RM, Reddy RR, Reddy
LV, Thomas P, Markus AF. Choice of incision for primary repair of unilateral complete cleft lip:
A comparative study of outcomes in 796 patients. Plast Reconstr Surg. 2008;121:932–940.)
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Fig. 3. Preoperative and postoperative frontal views of repair performed with Pfeifer incision,
with a good score on all parameters.

was resolved through consensus. The measurements were obtained with the help of calipers that
could measure in units of 1 mm. The data were
entered into a grading list for eight outcome parameters (Table 1): (1) white roll match, (2) vermilion match, (3) scar appearance, (4) Cupid’s
bow form, (5) length of lip, (6) nostril symmetry,
(7) alar dome form, and (8) alar base position.
Each parameter was graded independently as

good, average, or poor. Standardized 1:1 photographs of the patients were taken preoperatively
and postoperatively for record keeping (Figs. 1
through 6).
Statistical Analysis
The postoperative outcomes using the Millard, Pfeifer, and Afroze incisions were com-

Fig. 4. Preoperative and postoperative worm’s-eye views of repair performed with the Pfeifer
incision, with a good score on all parameters.
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Fig. 5. Preoperative and postoperative frontal views of repair performed with the Afroze
incision, with a good score on all parameters.

Fig. 6. Preoperative and postoperative worm’s-eye views of repair performed with the Afroze
incision, with a good score on all parameters.

pared with regard to each of the eight parameters separately. This was performed using
logistic regression. Logistic regression is a technique that serves to analyze multiple independent variables simultaneously. The analysis evaluates what effect the intervention has on the
chance of achieving “success” with a dichotomous dependent variable (i.e., a variable indicating either “success” or “failure”). The effects
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of the independent variables are expressed as
odds ratios. The odds ratio can be interpreted as
the ratio of the chance of achieving success in
the alternative group and the chance of success
in the reference group. In the analyses in this
article, Millard is the reference group. To make
this technique applicable, the outcome criteria
need to be of the type success or failure. Therefore, the scale consisting of good, average, or
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poor needs to be modified. This was performed
twice, first by combining average and poor criteria and second by combining average and good
criteria. To correct for potential confounding, gender and presence of a palatal cleft were added as
controlling variables to the logistic model. The Millard incision was used as the reference category.
SPSS version 16.0 (SPSS, Inc., Chicago, Ill.) was used
for statistical analysis.
To assess observer performance, photographs
taken at the time of the original scoring of the
patients were scored 2 to 4 years afterward. This
was performed for a random sample of 30 patients
per technique, and was performed by three of the
original four observers. If disagreement arose, the
majority score was used. This majority score was
compared with the original scores. Agreement was
analyzed using the kappa statistic.16

RESULTS
As gender and presence of a palatal cleft were
part of the logistic regression as controlling variables
for potential confounding, only the results found for
the variables in the incisions involved were reported.
Table 2 shows the sample distribution details according to gender and the presence or absence of a
palatal cleft, and the surgical technique.
Table 3 shows the kappa statistics of late intraobserver performance, which was performed 2
to 4 years later on photographs for the eight grading criteria. The values for kappa ranged between
0.776 (scar appearance) and 0.900 (alar dome).
This indicates good to very good intraobserver
agreement. Table 4 shows the frequency for good,
average, and poor grading for the postoperative
outcomes for the three incisions.
Logistic regression models were then used to
analyze whether the Afroze and Pfeifer incisions
Table 2. Description of the Experimental Groups
Type of Incision

Sex
Female
Male
Age, years
Mean
SD
Minimum
Maximum
Presence of a
palatal cleft
No
Yes
Total

Millard

Pfeifer

Afroze

200
200

148
252

185
215

2.21
1.70
0.25
5.00
50
350
400

1.93
1.65
0.25
5.00
98
302
400

1.66
1.42
0.33
5.00
99
301
400

Table 3. Results of Intraobserver Analyses
Criteria

Kappa

White roll match
Vermillion match
Scar appearance
Cupid’s bow
Lip length
Nostril symmetry
Alar dome
Alar base

0.829
0.856
0.776
0.845
0.824
0.852
0.824
0.900

were improvements over the Millard incision. Results of these analyses are listed in Table 5. For
example, to judge the Cupid’s bow, all cases that
are graded good are an indicator for successful
treatment. In this case, with regard to the AfrozeMillard comparison, a statistically significant effect
was found (p ⬍ 0.001). The value of the odds ratio
shows that the chance of achieving success when
applying the Afroze instead of the Millard incision
is approximately 2.06 times larger. Because this
value for the odds ratio is an estimate based on a
patient sample, a certain level of uncertainty is
present. The magnitude of this can be seen in the
95 confidence limits for the estimated odds ratio,
which shows the values between which the odds
ratio can be found with 95 percent certainty. In
this case, the 95 percent confidence interval is 1.55
to 2.78. With regard to the Pfeifer-Millard comparison, the estimated effect of achieving success
when applying the Pfeifer incision instead of the
Millard incision is an increased chance of success
by a factor 1.17 (95 percent confidence interval,
0.88 to 1.56). This effect is not statistically significant (p ⫽ 0.268).

DISCUSSION
This study is an observational study and not a
randomized clinical trial, the latter being the study
design best suited for comparing effects of different treatments. There are some advantages to prospective randomized clinical trials to resolve some
limited clinical problems. However, when this
method is used to determine the best surgical
procedure, there are strong ethical considerations
that cannot be overcome.17 A major problem is
having the surgeon perform a surgical procedure
that he or she does not believe is the treatment of
choice or can be performed as skillfully as others,
even after demonstrations.17 The major drawback
of a nonrandomized design, however, is selection
bias, resulting in experimental groups that are not
fully comparable. Therefore, comparison between
treatment effects can be confounded by differences between the patient groups. In this study, all
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Table 4. Results for All Eight Criteria by Technique
Good
Technique
White roll match
Millard
Pfeifer
Afroze
Vermillion match
Millard
Pfeifer
Afroze
Scar appearance
Millard
Pfeifer
Afroze
Cupid’s bow
Millard
Pfeifer
Afroze
Lip length
Millard
Pfeifer
Afroze
Nostril symmetry
Millard
Pfeifer
Afroze
Alar dome
Millard
Pfeifer
Afroze
Alar base
Millard
Pfeifer
Afroze

Average

No.

%

No.

%

No.

%

232
246
291

58
62
73

143
126
106

36
32
27

25
28
3

6
7
1

233
224
273

58
56
68

147
130
122

37
33
31

20
46
5

5
12
1

243
238
268

61
60
67

120
116
121

30
29
30

37
46
11

9
12
3

213
226
279

53
57
70

163
152
112

41
38
28

24
22
9

6
6
2

212
248
261

53
62
65

145
132
126

36
33
32

43
20
13

11
5
3

129
108
186

32
27
47

217
234
167

54
59
42

54
58
47

14
15
12

276
268
290

69
67
73

0
0
0

0
0
0

124
132
110

31
33
28

254
249
275

64
62
69

134
135
115

34
34
29

12
16
10

3
4
3

eligible patients in each cohort were treated successively and not concurrently. The Afroze incision was developed as a result of the surgeons’
experience with the Millard incision and the
Pfeifer incision. Therefore, a nonrandomized
study was designed, as the Afroze incision was developed after the Millard and Pfeifer incisions.
Because each cohort of 400 operations took not
more than 15 months to complete, the results were
not found to be significantly confounded with regard to the learning curve for each incision.
Patients were evaluated by scoring them on
eight parameters, using a three-point scale (poor,
average, or good), by four surgeons. In case of
disagreement, a consensus decision was made. For
assessing observer performance, it would have
been ideal to redo the original scoring method.
However, this would have required a recall of patients, which was not feasible. Therefore, the duplo analysis was based on comparing the original
data, gathered with the patient present, and the
duplo scoring performed later based on patient
photographs. Here, there is more chance for observer error; thus, the kappa statistics calculated
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Poor

underestimate the true observer performance. As
no standard exists for the evaluating parameters,
the extent to which measurement errors were
made cannot be ascertained. However, because
measurement errors are an extra source of variation, they will lead to less clear-cut results. This
study shows strong results, indicating that potential misclassification is not to be considered a serious problem.
It is impossible to blind the observers for the
treatment because each observer can identify the
incision design by looking at the course of the scar.
However, as there was clinical equipoise among
the panel of surgeons over whether or not any of
the techniques would be more beneficial, the
study can be taken for being unbiased in this respect.
A major drawback of clinical studies can be
considerable numbers of dropouts. In the present
study, we avoided losing patients by scheduling the
study during the normal recall appointments of
cleft patients. Every patient on our rolls is obligated to come back for a period of 2 years to
receive incentives in the form of disability benefits.
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Table 5. Results of Multivariate Logistic Regression with the Millard Incision as the Reference Technique
A*

B†
95% CL of OR

Incision
White roll match
Pfeifer
Afroze
Vermillion match
Pfeifer
Afroze
Scar appearance
Pfeifer
Afroze
Cupid’s bow
Pfeifer
Afroze
Lip length
Pfeifer
Afroze
Nostril symmetry
Pfeifer
Afroze
Alar dome
Pfeifer
Afroze
Alar base
Pfeifer
Afroze

p

OR

Lower

Upper

0.388
⬍0.001

1.13
1.9

0.85
1.41

1.51
2.56

0.498
0.004

0.91
1.54

0.68
1.15

0.900
0.022

1.02
1.41

0.268
⬍0.001

95% CL of OR
OR

Lower

Upper

0.580
0.001

0.85
8.53

0.48
2.55

1.50
28.57

1.20
2.06

0.001
0.006

0.39
4.04

0.23
1.50

0.68
10.9

0.76
1.05

1.36
1.89

0.449
⬍0.001

0.84
3.84

0.52
1.91

1.33
7.69

1.17
2.06

0.88
1.55

1.56
2.78

0.268
⬍0.001

1.17
2.08

0.88
1.55

1.56
2.78

0.012
0.001

1.44
1.66

1.09
1.25

1.92
2.21

0.001
⬍0.001

2.51
3.93

1.43
2.06

4.41
7.50

0.129
⬍0.001

0.79
1.85

0.58
1.38

1.07
2.47

0.833
0.378

0.96
1.21

0.64
0.79

1.44
1.85

0.836
0.158

0.97
1.25

0.72
0.92

1.31
1.70

0.836
0.158

0.97
1.25

0.72
0.92

1.31
1.70

0.660
0.142

0.94
1.25

0.70
0.93

1.25
1.68

0.432
0.680

0.73
1.12

0.40
0.51

1.59
2.83

p

OR, odds ratio; CL, confidence limit.
*Success is defined as a grading of good, and failure is defined as a grading of average or poor.
†Success is defined as a grading of good or average, and failure is defined as a grading of poor.

In analyzing the differences between the three
methods, a choice had to be made on how to
define success. This could be achieved by considering only the grading good or good combined
with average. In the first case, the Afroze incision
has performed statistically significantly better than
the Millard incision for six of the eight parameters
(i.e., white roll match, vermilion match, scar appearance, Cupid’s bow, lip length, and nostril symmetry). By performing the alternative analysis,
only the statistical significance for nostril symmetry is lost. For all five occurrences (two plus three)
where the difference between the Afroze and Millard incisions is not statistically significant, the
odds ratio is greater than 1, indicating a better
performance by the Afroze incision, although not
enough to be statistically significant. With regard
to alar dome and base, the Afroze incision is not
statistically significantly better than the Millard
incision. However, for both parameters, the estimated ratio is greater than 1, indicating more
success for the Afroze as compared with the Millard incision. The reason for this could be that the
nasal reconstruction of the cleft lip in both the
Afroze and Millard incisions is essentially similar,
with both techniques using the free tissue lateral

to the columella and medial to the ala to form the
nasal sill.
When comparing the Afroze incision with the
Millard incision, both choices for definition of
success give the same overall picture. When comparing the Pfeifer incision with the Millard incision, some parameters show the Pfeifer incision to
be better, whereas for others, the Millard incision
shows the best results. However, these differences are generally not statistically significant,
with three exceptions. The Pfeifer incision is
better than the Millard incision with regard to
lip length for both choices of success. If good or
average indicates success, the Millard incision is
better than the Pfeifer incision with regard to
vermilion match.
This can be explained by the initial logic of
combining the two incisions. In the cleft defect,
there are two issues to be taken into account with
regard to the skin and mucosa. First, the Cupid’s
bow on the noncleft (medial side) is rotated upward so that its direction is perpendicular to the
base of the columella instead of being parallel as
in normal subjects. The second is the distance
between the white roll of the lip and the alar base
being less compared with the normal subjects on
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the cleft side (lateral side). Thus, it can be inferred
that the Cupid’s bow needs to be rotated downward to restore it to its original position during
cleft lip repair. The Millard incision is ideally
suited to perform this movement. The Pfeifer wave
that receives the Millard incision frees up the mucosa on the cleft side, thus naturally increasing the
height of the lip.

CONCLUSIONS
The choice of technique for primary surgery for
cleft lip should be based on evidence that shows the
best functional and aesthetic outcomes. Certain preoperative anatomical features may lead the surgeon
to choose one particular incision pattern in preference to another, but in this study it was found that
the Afroze incision was suited to all types of cleft lip
repairs. Every cleft lip defect is different in its width
and height. The Afroze incision can be used on a
variety of cleft defects irrespective of anatomical differences in the width and height of the cleft. This is
because the nature of the incision provides both
rotation and elongation of the lip, where it is
needed. This incision can therefore be used to treat
any variety of cleft. The alar dome and alar base are
two areas where the Afroze incision did not perform
better than the Millard or Pfeifer incision. The aim
of this group of surgeons is to find ways to improve
on the nasal aspect of the cleft lip defect.
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