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ABSTRACT
Purpose: This study aimed to evaluate the effect of intraoperative mesenchymal

stem cell injection on healing outcome in secondary cleft lip correction. Patients and
Methods: A total of ten patients with secondary cleft lip deformities who needed sec-

ondary cleft lip repair were included in this study. The patients were divided equally
into two groups: group I (study group) were subjected to secondary cleft lip repair with

immediate intraoperative bone marrow mesenchymal stem cells injection (BM-MSCs),

group Ⅱ (control group) who didn’t receive any type of injection neither during surgery
nor after. The healing out come and scar progression were recorded through photo-

graphs and Ultrasonography (US). Results: Group I showed higher rate in primary

healing outcome than that of group Ⅱ. The Ultrasound revealed statistically significant
difference in scar progression in both groups. Group I showed statistically significant
difference in scar measurements across time than group Ⅱ in p<0.01. Conclusion: Bone
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marrow mesenchymal stem cell injection in cleft lip correction has a good effect on
primary healing outcome and scar progression.

Stem Cell, Ultrasonography
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INTRODUCTION
Although the great advances that have been
achieved in the primary the cleft lip and palate deformity correction, the secondary lip and nasal deformities still always occur in most of the patients(1).
Surgical secondary corrections of soft tissue deformities caused by scars after the primary surgeries
are almost always necessary (2). Many factors affecting the secondary deformities including the type of
the cleft, techniques of surgical reconstruction and
timing of primary lip repair (3,4).
The cleft lip deformities can be classified into
minor and major deformities(5). Minor deformities
are unfavorable scars, interrupted white roll, lip
length asymmetry, shallow oral vestibule and
irregularities in the skin. Major deformities are loss
of muscle reconstruction and abnormal insertion, lip
length asymmetry with nasal deformity, long or short
lip and loss of function. Cleft lip nasal deformities
are depressed nasal tip, alar web, eversion of alar
base, nasal obstruction and shortened columella (6–8)
The wound healing may cause the formation
of fibrotic tissues called scar (9). lip scarring is of
major importance due to its psychological and
sociable effect on cleft patients. It involves more
than one overlapping, coordinated phases including
inflammation phase, proliferation phase, and
remodeling phase (10,11). Current therapies for scar
management are frequently used with little effect.
The prevention of pathologic scarring is more
effective through mechanical relief of incisions and
proper surgical technique, which may affect the scar
width and hypertrophy(12).
One of the most important upcoming methods
in the treatment and prevention of facial scars is the
Mesenchymal Stem Cells (MSCs). MSCs were first
described by Friedenstein and colleagues in 1976
(13)
. MSCs are multi-potent, self-renewing cells
presented in several tissues, including the adipose
tissue, bone marrow umbilical cord, and placenta.
These cells are capable of generating different
mesenchymal cell types, traditional adipocytes,

Somaya M. Zakeer, et al.

chondrocytes, and osteocytes, smooth muscle cells
and cardiomyocytes(14,15). It has a reparative effect
through paracrine signaling releasing biologically
active molecules that affect cell migration,
proliferation, and survival of the surrounding cells.
It can have a role in the inflammatory, proliferative,
and remodeling phases of wound healing(16–19).
The healthy and reconstructed lip can be visualized
and evaluated through the ultrasonography. Highfrequency ultrasound examination has been
recommended as a non-invasive method to assess
scar thickness. It capable of producing valid and
reproducible results in both, healthy and scarred
tissue. Many trials and case reports have been
conducted to assess the reliability of the ultrasound
imaging (20–22) .
The upper lip tissue is divided into five layers:
The first layer is the skin epidermis. The second
layer is formed by skin and philtrum and philtrum
columns, and the superficial layer of the orbicularis
oris muscle. The third layer containing the
orbicularis oris muscle deep layer. The submucosa of
the upper lip tissue and upper lip artery are forming
the fourth layer. The fifth layer is the mucous layer
of the upper lip tissue. (23).This study was performed
where the secondary cleft lip correction in both
groups was done with immediate intraoperative
BM-MSCs injection in group I with clinical and
ultrasonographic follow up.
PATIENTS AND METHODS
Subjects
A total of 10 cleft lip patients who were
complaining from secondary cleft lip and/or nose
deformities (4male and 6 female) were included in
this study. They were selected from the outpatient
clinic of the Al Azhar cleft Lip and Palate Center
in the Oral and Maxillofacial Surgery Department
at Al Azhar University, Faculty of Oral and Dental
Medicine between 2017-2019. Ethical approval
to the operation on the patients was obtained in

Effect of Mesenchymal Stem Cell Injection on Healing Outcome

accordance with guidelines from the research
ethical committee of Faculty of Oral and Dental
Medicine Al-Azhar University. Individuals who
were subjected to previous secondary cleft lip repair
were excluded. The patients were divided equally
into two groups: group I patients were subjected
to secondary cleft lip correction with or without
nose revision and immediate intraoperative BMMSCs injection. Group II patients were subjected to
secondary cleft lip correction with or without nose
revision without any type of injection.
Methods
Secondary cleft lip correction was applied to
all patients in both groups. The design of cutting
and planning was primarily depending on the scar
shape and direction. After infiltrating the lip with
local anesthesia, the scar was excised to the extent
that allows symmetrical lip closure according to the
preoperative planning. The orbicularis oris muscle
and nasolabial muscle bundles were dissected from
their wrong attachment and relocated using the
functional repair method concept. Some patients
needed open and/or closed rhinoplasty. In group
I bone marrow aspirate was harvested from the
anterior iliac crest then the mononuclear cell layer
containing the bone marrow stem cells was freshly
prepared by density gradient centrifugation method
technique(24). Intraoperative injection of the BMMSCs into the subcutaneous, intramuscular layer
and around the incision line immediately after skin
wound closure.
Equipment
LOGIQ S6 (GE Healthcare, USA) ultrasound
system. A 12 MHz linear-array transducer was used
with ultrasound gel as a coupling medium.
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overall the upper lip. The transducer was applied to
this gel layer for obtaining a transverse plane to the
lip from the skin surface to the oral mucosa avoiding
the air bubbles inclusion between transducer and
gel surface. The gel layer for preventing the contact
between the lip tissues and the transducer.
In this way, the ultrasound beams are almost
perpendicular to the lip. The patients were asked
to keep the lip relaxed not contracted in a supine
position with centralized head, and the transducer
was advanced into the right and left directions from
the midline perpendicular to the skin surface while
the patient was in a supine position with centralized
head. 2D images were obtained to appraise the
scar depth and width. The scar borders were sited
and measured. The scar was manually located
according to its different echogenic state than in
normal lip. The scar dimensions were collected on
postoperative one week, three weeks, three months
and six months respectively.
Statistical Analysis
All test data was converted and manipulated by
using SPSS software program version 20.0. The
quantitative data was compared and t test was applied
for normally distributed data and Mann-Whitney U
test was done for non-parametric data. Significance
level was set at P ≤ 0.01. Statistical analysis was
performed with IBM® SPSS® Statistics Version 20
for Windows.
RESULTS
Clinically
Group I showed better clinical healing with
lesser scarring than group II. (Fig.1)

Measurements

Ultrasonographic results

All examinations were performed by a single
radiologist with LOGIQ S6 (GE Healthcare, USA)
ultrasound system. A 12 MHz linear-array transducer
was used with ultrasound gel as a coupling medium

Statistically significant difference was found
between group I and group Ⅱ where group Ⅱ showed
higher scar dimensions more than group I in p<0.01
(Table 1), (Fig.2,3)
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Figure (1) Pre and six months postoperative healing in (A) group I and (B) group Ⅱ

Table (1): Showing the time effect on width and depth dimensions of studied groups.

Group

Dimension

Pre-operative
Mean (SD)

Width

Postoperative

F

P

0.46(0.1)

2546.48

<0.001*

0.43(0.1)

0.32(0.1)

253.57

<0.001*

1.24(0.2)

0.93(0.04)

0.76(0.04)

680.08

<0.001*

1.1(0.2)

0.9(0.1)

0.77(0.07)

0.65(0.05)

373.18

<0.001*

0.008*

0.009*

0.005*

<0.001*

0.001*

0.4

0.001*

0.001*

<0.001*

<0.001*

After 1
week

After 3
weeks

After 3
months

After 6
months

0.74(0.1)

0.86(0.1)

0.8(0.1)

0.56(0.05)

Depth

0.52(0.2)

0.55(0.1)

0.52(0.1)

Width

1.05(0.2)

1.35(0.3)

Depth

0.63(0.2)

P value@
P value#

Group I

Group Ⅱ

@ p value between group 1 and group 2 according to width dimensions
# p value between group 1 and group 2 according to depth dimensions
*statistically significant difference p<0.01

Figure (2) Width dimension in group I and group II

Figure (3) Depth dimension in group I and group II
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DISCUSSION
The secondary cleft deformity is a mandatory
issue that can’t be avoided (25). After the primary
cleft repair, there are variable growth processes that
may change theses primary surgical results. So, the
correction of these deformities is required for these
patients and they are usually more complicated than
the primary surgeries (26). The problems related are
commonly wide-ranged. So, the choice of a suitable
technique to correct them is inspiring(27).
Hence, it is important to perform secondary
revision surgery to regain the proper functional
and social development (28). Scar tissue formation
is a multifactorial process with different clinical
manifestations. Most of the cleft lip patients have
physiological and psychological effects; the scar of
the cleft lip doesn’t only affect the function but also
affects the life quality of the affected individuals (29).
Thus, this study aimed to evaluate the early
effect of BM-MSCs injection on scar formation
after secondary cleft lip correction. Ten patients,
five in each group with a mean age (8-30 years)
with unilateral complete or incomplete cleft lip
had received only the primary cleft lip repair with
post-operative cleft lip scarring and deformities
needed secondary cleft lip correction were included
in this study. The functional repair method concept
was used in all patients where the nasalis muscle
and nasolabial muscle bundle were advanced and
reattached in the periosteum of the anterior nasal
spine to rebuild the nostril sill and gain symmetrical
bilateral nostril width. Orbicularis oris muscle was
dissected and sutured into its other part on the noncleft side.
BM-MSCs used in this study was prepared
by the density gradient centrifugation method
technique. It provides a good cellular separation
process. Producing a pure, highly viable number
of mononuclear cells with little red blood cell and
granulocyte contamination with the optimum
functional capacity (30). The density gradient
separation with immediate transplantation method
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has several advantages. No invasive enzymatic
treatment and the cells are considered minimally
handled. Furthermore, immediate BMMNCs
transplantation avoids the complications of the
quality of the transplanted cells such as reduced
viability, dedifferentiation or mutations that may
associate in in-vitro culture. Risk of contamination
is reduced by controlling the time of cell handling
during preparation and culture (24).
In this study, superficial musculoskeletal ultrasound with high resolution and low penetration power 12MHz with linear array transducer were used(31).
The ultrasound allows the noninvasive evaluation
of the skin and deep layers; therefore, it can give
the anatomical location, the diameters, including
depth, and the vascularity (32). It also has been shown
to be reproducible and accurate in the determination of the thickness of normal and scarred skin(20).
The ultrasound examination was easy, dependent,
with no radiation, and easy identification of the lip
structure(33).
In this study, we found that there were good
clinical results in scar attenuation in group I after
six months follow up and that was agreed with some
recent clinical studies which reported the effect of
bone marrow mesenchymal stem cells on facial
scar acne (34)and other experimental studies which
introduced a local delivery of bone marrow and
adipose-tissue derived MSCs in cutaneous wound
healing in a porcine model(35).
Ultrasound results showed that it was statistically
significant difference inside each group in both
groups at different time periods with scar reduction
which indicated that the healing process was
continuous and proceeded in the direction of scar
reduction across time till six months. It was agreed
with the study which stated that the scar reduction
remined continues till the end of six months and
after six months no more remodeling would occur.
Although, both groups showed decrease in
scar dimensions, group I already had preoperative
little scar dimension regarding the width that was
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continuous little than group Ⅱ along all the follow
up period which not indictive to the effect of stem
cells even with the better clinical results that was
presented in this group.
No statistically significant difference was found
between both groups regarding the depth while in
the postoperative follow up group I showed little
dimensions than group Ⅱ in all periods that may be
contributed to the effect of stem cells.
CONCLUSION
•

•

The bone marrow mesenchymal stem cells
injection may have good clinical effect on the
healing outcome when injected in secondary
cleft lip correction.
From the clinical results it is recommended
to re-evaluate the effect of stem cells in scar
formation on large number of patients and
comparing between one injection and more than
one-time injection techniques.
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