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Blood Flow Distribution of Repaired Lip in Cleft Lip Patients

Yuko Kondo?; Takumi Takahashi®; Yasuo Obac; Shingo Kurodac; Eiji Tanaka’; Keiji Moriyama®

ABSTRACT

Objective: To investigate the blood flow distribution in the repaired lip of cleft patients using a
laser Doppler imager and to evaluate the difference in blood flow of the scar tissue between
unilateral cleft lip patients with and without cleft palate.

Materials and Methods: Twenty patients with either unilateral cleft lip only (CL group, n = 8) or
cleft lip and palate (CLP group, n = 12) were used as subjects. The blood flow of the upper lip
was two-dimensionally visualized by a color scale alongside the corresponding photo image of
the tissue surface with laser Doppler imaging. The upper lip photo image was divided into five
regions: scar, white lip on the cleft side, white lip on the noncleft side, red lip on the cleft side,
and red lip on the noncleft side. The average flux score (AFS), which is proportional to blood flow,
was analyzed in each region.

Results: The AFS for the scar region was significantly (P < .05) lower than in the other four
regions. The AFS for the red lip on the cleft side was not significantly different from that for the
noncleft side. The white lip revealed a significantly (P < .05) higher score on the cleft side than
on the noncleft side. The AFS ratio (AFS in the scar region/AFS in the white lip region) was
significantly (P < .01) lower in the CLP group than in the CL group.

Conclusions: These results suggest that blood flow distribution in the repaired lip might be af-

fected by the anatomic features of the cleft. (Angle Orthod. 2009;79:1182—-1187.)
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INTRODUCTION

Cleft lip is a common congenital malformation. Chei-
loplasty for cleft lip defects often results in severe scar
formation, which, in turn markedly affects facial es-
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thetics. Furthermore, it has considerable influence on
the anterior occlusion, such as lingual inclination of the
maxillary anterior teeth in unilateral cleft lip patients
with or without cleft palate.” Finally, in orthodontic
treatment, scar tissue makes it difficult to ideally align
the anterior teeth. Therefore, assessment of scar tis-
sue distribution in the repaired lip is of great impor-
tance for orthodontic diagnosis, treatment planning,
and prognosis.

Many assessment tools are available for analysis of
pathologic conditions of the skin. However, there is no
general agreement on which is most appropriate for
evaluation of scar tissue.® Clinical assessment of scar
tissue in the repaired lip is based on subjective eval-
uations that distinguish from normal skin by aberrant
color, rough surface texture, increased thickness (hy-
pertrophy), contracture, and firmness.® However, sub-
jective assessments can be affected by methodologi-
cal approaches, professional experience, and stimulus
type.” Laser Doppler imaging (LDI) provides an objec-
tive and specific assessment of blood flow over an ex-
posed surface of tissue, and it has great potential in a
variety of clinical applications.®-'° It can produce two-
dimensional color-coded maps of blood flow repre-
senting tissue vascularization. These can be analyzed
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LASER DOPPLER IMAGING

Table 1. General Characteristics of Subjects

Group Number Sex Mean Age (Years)
CL 8 6 males and 2 females 10.6 + 1.5
CLP 12 6 males and 6 females 112 =22

to estimate average local blood flow. Therefore, LDI
has been used for the detection of medical problems
based on microvascular perfusion such as wound
healing, skin burn, and systemic sclerosis.®'° As in
scar tissue, where vascular density is lower than in
vital tissue,’ LDI may be a useful tool for examination
of scar tissue extension.

The severity of the primary deformity is generally
proportional to the difficulty of surgical reconstruction
and subsequently with scar formation in the palate and
lip. Furthermore, cleft palate is known to be a key fac-
tor in maxillary growth retardation. However, little is
known about the influence of palatoplasty on the blood
flow in a repaired lip. The aims of the present study
were to use LDI to investigate blood flow distribution
in repaired lips of patients and to evaluate the differ-
ence of blood flow in the scar tissue between patients
with and without cleft palate.

MATERIALS AND METHODS

Twenty patients with unilateral cleft lip, ranging in
age from 8 to 12 years (mean = SD = 10.8 = 2.0
years) were the subjects. They were divided into two
groups (Table 1). The cleft lip (CL) group consisted of
8 patients with only a cleft lip (six males and two fe-
males; mean age 10.6 years; SD 1.5 years), and the
cleft lip and palate (CLP) group consisted of 12 pa-
tients with both cleft lip and palate (six males and six
females; mean age 11.2 years; SD 2.2 years). All the
patients underwent plastic surgery using the triangular
flap method at approximately three months after birth
in the Department of Reconstructive Plastic Surgery,
Tokushima University Hospital. In addition, the CLP
group underwent surgery for the cleft palate at about
12 months after birth. This study was approved by the
Institutional Ethical Committee of Tokushima Univer-
sity Medical and Dental Hospital. Informed consent
was obtained from each subject after appropriate ex-
planation about the experiment.

LDI Instrumentation and Methodology

The applied LDI contains an HeNe laser source with
a 658-nm wavelength and 2.3 mW of nominal power.
It is noninvasive, and it needs no physical contact with
the body. Its sensor was positioned 50 cm from the
upper lip of the subject lying on an examination table.
The subject’s head was fixed with the Frankfort hori-
zontal plane perpendicular to the table (Figure 1). The
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Figure 1. Scanning of the upper lip using the laser Doppler imager.

device scanned the upper lip during a 2-minute period.
The scanned area was 15 cm? in cross section and
was represented by a picture comprising 256 X 256
pixels. The data were stored and displayed as a 256-
level, grayscale photo image and a 16-level, color-cod-
ed perfusion image. The amount of blood flow was
estimated as a “flux” score. The noise correction and
flux signal normalization were performed after digiti-
zation.

Assessment

The upper-lip image was divided into five regions:
scar area, white lip on the cleft side (WLCS), white lip
on the noncleft side (WLNCS), red lip on the cleft side
(RLCS), and red lip on the noncleft side (RLNCS) (Fig-
ure 2). The average flux score (AFS, a value propor-
tional to blood flow) was analyzed for each region us-
ing Moor LDI V3.09 software (Moor Instruments Ltd,
Axminster, UK). To compensate for individual differ-
ences, an AFS ratio was calculated. This ratio indi-
cates the difference between the AFS values of the
scar area and the white lip regions:

AFS ratio = [AFS in the scar region (Scar)]
+ [AFS in the white lip region
(WLCS + WLNCS)].

Statistical Analysis

To check for differences of AFS among the five re-
gions and the AFS ratio between the CL and CLP
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Figure 2. Design of measurement region: (a) Scar. (b) White lip on
the cleft side (WLCS). (c) White lip on the noncleft side (WLNCS).

(d) Red lip on the cleft side (RLCS). (e) Red lip on the noncleft side
(RLNCS).

groups, statistical analyses were carried out by a Wil-
coxon signed rank test and a Mann-Whitney U-test,
respectively. P < .05 was regarded as significant.

RESULTS

The blood flow images were displayed on the com-
puter for analysis (Figure 3). As expected, a low flux
area was found in the scar region. For all subjects, the
lowest-flux area coincided with the tip of the triangular
flap. The highlighted area, indicating high-flux perfu-
sion, coincided with the red lip region.

Table 2 shows the AFSs in the five regions of the
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repaired upper lip for each subject. The AFS in the
scar region is significantly lower than in the WLCS (P
< .01) and the WLNCS (P < .05; Figure 4A, B). The
AFS in the red lip was the highest among the five re-
gions, although no significant difference between the
cleft side and the noncleft side was found (Figure 4C).
On the other hand, the AFS in the white lip was sig-
nificantly (P < .05) higher on the cleft side than on the
noncleft side (Figure 4D).

The AFS ratio was significantly (P < .01) lower in
the CLP group than in the CL group (Figure 5). This
indicates that in the CLP group, the AFS in the scar
region was markedly lower than in the CL group.

DISCUSSION

Laser Doppler flowmetry (LDF) can provide infor-
mation on blood flow at a specific point in the tissue
surface. Although this instrument provides a useful dy-
namic measurement of tissue perfusion, it is limited by
only measuring a small fraction of the entire tissue,
usually heterogeneous, microvasculature. Therefore,
in this study, the LDI was applied to scan several
points across the tissue surface.®'®© Each measure-
ment point was then used to compose a two-dimen-
sional image directly related to the distribution of the
tissue blood flow. This has several advantages over
the single-point LDF measurement, the main advan-
tage being the spatial information it gives about the
microvascular blood flow. It has been demonstrated
that an average measurement of several neighboring

Figure 3. Blood-flow images of the upper lip of a subject with unilateral cleft lip and palate (CLP) (panel A: case 16) and a subject with
unilateral cleft lip (CL) (panel B: case 2). The left panels depict the light intensity (photographic) image of the repaired upper lip and the right
panels represent the flow. Sixteen colors were used to encode the perfusion. Blue areas indicate low perfusion, green-to-yellow areas highlight
midrange perfusion, and red-to-white areas display high-flux perfusion. Arrow indicates the low blood flow region in panel A.
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Table 2. Average Flux Scores (AFSs) at 5 Regions of the Upper Lip*
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Average Flux Score (AFS)

Case Cleft Cleft AFS ratio
No. Sex Type Side Scar (a) WLCS (b) WLNCS (c) WL (b & c) RLCS (d) RLNCS (e) (a/[b & c])
1 M CL R 868.0 730.5 646.8 672.9 993.6 752.7 1.290
2 F CL L 601.9 761.1 689.1 707.2 763.2 768.9 0.851
3 M CL R 770.9 692.9 579.1 610.8 654.3 609.8 1.262
4 M CL R 317.4 355.7 346.1 349 297.0 309.5 0.910
5 M CL L 570.3 585.4 517.1 537.4 842.3 805.0 1.061
6 F CL R 1018.2 1084.2 1050.4 1061 703.5 753.5 0.960
7 M CL L 395.3 652.9 434.0 500.7 1022.3 974.9 0.790
8 M CL R 649.1 935.4 701.1 780.1 1073.1 1073.1 0.832
9 M CLP R 295.5 5771 641.3 616 597.1 577.6 0.480
10 F CLP L 437.9 676.2 672.8 674 773.0 880.8 0.650
11 F CLP R 408.5 554.5 613.5 589.2 917.4 705.8 0.693
12 M CLP R 505.4 633.6 450.4 513.5 681.5 545.0 0.984
13 F CLP R 340.4 504.2 490.1 495.5 537.3 455.3 0.687
14 F CLP L 296.4 426.8 393.9 404.4 429.0 426.7 0.733
15 F CLP L 421.6 586.1 595.8 593.3 556.8 941.6 0.711
16 M CLP L 319.6 498.6 502.2 500.9 594.2 619.8 0.638
17 M CLP L 341.9 531.6 544.9 541.6 664.3 675.5 0.631
18 M CLP R 408.2 492.6 501.5 499.3 513.7 603.5 0.818
19 M CLP R 542.9 928.0 734.3 799.6 1235.0 1163.7 0.679
20 F CLP R 446.9 600.0 705.1 671.7 891.4 1022.9 0.665

* WLCS indicates white lip on the cleft side; WLNCS, white lip on the noncleft side; RLCS, red lip on the cleft side; RLNCS, red lip on the

noncleft side; CL, cleft lip only; CLP, cleft lip and palate.

pixels can overcome the location sensitivity of LDF.
Thus the AFS ratio can be used for comparison stud-
ies between individuals.®

Prior to this experiment, we examined the reproduc-
ibility of LDI measurements. Using three subjects with
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Figure 4. Comparison of the average flux score (AFS) at five regions
in the repaired upper lip. The AFS for the scar region was signifi-
cantly lower than those for the white lip on the cleft side (WLCS) (A)
and the white lip on the noncleft side (WLNCS) (B). Statistical anal-
ysis was performed by a Wilcoxon signed rank test (* P < .05; ** P
< .01). The AFS for the red lip was not significantly different when
comparing the cleft side with the noncleft side (C). The AFS for the
white lip was significantly (P < .05) higher on the cleft side than on
the noncleft side (D).

cleft lip, image scanning was conducted three times at
intervals of about a month. This procedure revealed
no significant differences in the obtained AFS among
the three registrations (data not shown). By application
of Pearson’s correlation coefficient, no evidence of a
large random error between the readings of LDI could
be demonstrated (reliability coefficient, 0.94-0.97).
Consequently, the results were considered reliable.

It was found that in the repaired upper lip, the AFS
of the scar region was significantly lower than in the
white lip. Because mature scar tissue is fibrous with a
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Figure 5. Comparison of the average flux score (AFS) ratio between
the cleft lip (CL) and cleft lip and palate (CLP) groups. The AFS ratio
of the CLP group was significantly lower than that of the CL group.
Statistical analysis was performed by a Mann-Whitney U-test (** P
< .01).
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low density of cells and blood vessels and a more par-
allel-aligned collagen, a lower flux value in the scar
region of the repaired upper lip is not surprising. In-
terestingly, the AFS of the cleft side of the white lip
was significantly higher than that of the noncleft side.
The main artery of the upper lip is the superior labial
artery, a branch of the facial (external maxillary) artery.
It runs in the marginal part of the lip parallel with the
bundles of the orbicularis oris muscle and produces
branches upward toward the nasal base. The bilateral
superior labial arteries meet at the median line and link
up.” In a nonrepaired subject with unilateral CL, the
superior labial artery on the cleft side generally follows
the course of the orbicularis oris muscle and deviates
parallel with the edge of the cleft upward to the nasal
ala. On the noncleft side, the artery behaves in the
same way, but its diameter is considerably smaller
with fewer branches than on the cleft side.’? This may
explain our result. Therefore, the blood flow in the
white lip of a CL patient may be affected by intrinsic
anatomical features such as the course of the orbi-
cularis oris muscle and the state of its blood supply.

The AFS ratio of the CLP group was found to be
significantly lower than that of the CL group. In gen-
eral, the severity of the cleft is evaluated from its ap-
pearance at birth.'34 For instance, the primary facial
deformities of subjects with unilateral CLP include
larger ocular hypertelorism, wider cleft, greater devia-
tion of the columella base, and more severe retrusion
of the affected alar base as compared with unilateral
CL patients. Furthermore, the upper lip area is signif-
icantly smaller in the unilateral CLP group than in the
unilateral CL group, even if there is no distinct differ-
ence in defect of the upper lip in both groups.'® There-
fore, the present result indicates that a history of cleft
palate can affect the blood flow in the scar region of
the repaired lip. Also, the surgical technique and ex-
tent of surgical intervention may affect the nature of
the resultant scar tissue. Although the primary defor-
mities in the CL group were not evaluated in the pres-
ent study, their severity may affect the difficulty of sur-
gical reconstruction and the extent of resultant scar
formation.

In addition to facial esthetic problems, scar forma-
tion in the repaired lip has considerable influence on
anterior occlusion such as lingual inclination of the
maxillary anterior teeth.”* However, with regard to
maxillary growth in CLP patients, only bony clefts re-
tard maxillary growth, and the repaired lip is regarded
to have no adverse effect on the basal maxilla no mat-
ter its size or position.2'® On the other hand, from an-
imal experiments'” and clinical experience,’®2° it has
been concluded that the repaired lip must also be an
important factor in maxillary growth retardation. The
isolated effects of lip repair on maxillary growth in uni-
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lateral CLP patients are difficult to evaluate clinically
and the effects remain controversial. The assessment
of blood flow using LDI appears to be useful for ob-
jective evaluation of scar tissue in the repaired lip.
Therefore, further studies are necessary to evaluate
relationships between scar formation in the repaired
lip and dentofacial morphology.

CONCLUSIONS

The present results suggest that blood flow distri-
bution in the repaired cleft lip might reflect anatomic
features of the cleft and surgical interventions for clo-
sure. Moreover, the extent of the scar might be related
to the cleft type, because blood flow in the scar region
of unilateral CLP patients appears to have lower per-
fusion than in unilateral CL patients.
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