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Repair of Alveolar Cleft Defects: Reduced
Morbidity With Bone Marrow Stem Cells
in a Resorbable Matrix
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Harvest of the autogenous iliac crest bone graft for
an alveolar cleft defect (the gold standard) may
cause short- and long-term pain and sensory
disturbances. To determine if a tissue engineering
technique with similar bone healing results offered
decreased morbidity, we compared techniques for
postoperative donor site pain. Traditional iliac crest
bone graft had more donor site complications
compared with both tissue engineering and mini-
mally invasive iliac crest bone graft. With donor
site pain, traditional had the most patients with
pain and tissue engineering had the least patients
with pain at all time points. The mean pain score,
including both intensity and pain frequency, was
greatest at all time points in traditional and least at
all time points in tissue engineering. Closure of
alveolar cleft defects with a resorbable collagen
sponge and bone marrow stem cells resulted in
reduced donor site morbidity and decreased donor
site pain intensity and frequency.
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R
epair of osseous defects in alveolar clefts
allows for closure of oronasal fistula,
unification of the maxilla, tooth eruption,
and support of the nasal alar base.1Y16

Autogenous cancellous bone grafts are the gold
standard with this reconstruction because of their
osteoconductive, osteoinductive, and nonimmuno-

genic properties. The anterior iliac crest is the most
common donor site for retrieving the bone graft
because of easy access and availability of a sufficient
amount of bone.10,11 However, harvest of the auto-
genous iliac crest bone graft has some potentially
serious complications. The most common includes
short- and long-term pain and sensory disturbances.
Pain well into the postoperative period has been
reported in 3% to 39% of patients and persistent pain
lasting longer than 2 years has been reported in 15%
to 39% of patients.17,18

With the advent of tissue engineering tech-
niques, alternatives to the traditional iliac crest
bone grafting techniques are available. Our current
study involved a new technique for closure of
alveolar cleft defects with bone marrow-derived
stem cells seeded onto a resorbable collagen matrix
sponge.19 We compared the donor site morbidity of
this tissue engineering technique for the repair of
alveolar cleft defects with that of the traditional iliac
crest bone grafting technique. Morbidity of the
harvest site was accessed with surveys and evalua-
tions for both intensity and frequency of pain,
functional disturbances, and cosmetic outcomes.

METHODS

Patients with unilateral cleft lip and palate under-
going repair of the alveolar defect at the Uni-

versity of California, Los Angeles Medical Center,
Oliveview Medical Center, and Orthopedic Hospital
Medical Center were studied (n = 69). All patients
underwent preoperative orthodontic expansion of
maxillary segments.

Patients undergoing alveolar cleft repair were
divided into 1) group 1,tissue engineering procedure
with bone marrow aspirate seeded into a resorbable
collagen matrix (experimental; n = 21); 2) group 2,
traditional iliac crest bone grafting (control; n = 25);
or 3) group 3, minimally invasive iliac bone grafting
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(control; n = 23) based on randomization and
physician preference. The mean age of the patients
studied was 8.4 years (range, 6.6Y11.2 years; mean,
group 1, tissue engineering, 7.8 years; group 2, tra-
ditional, 8.9 years; group 3, minimally invasive,
8.4 years). Although evaluations described subse-
quently were at 1 day, 1 week, 3 weeks, 6 weeks, and 6
months, mean follow up was 2.9 years (range, 1.4Y4.0
years; mean, group 1, tissue engineering, 2.9 years;
group 2, traditional, 3.2 years; group 3, minimally
invasive, 2.6 years).

OPERATIVE TECHNIQUE

Group 1: Tissue Engineering Procedure
(Experimental)

Under general anesthesia, injection with 3%
Marcaine and epinephrine (1:200,000) was

done to the anterior superior iliac spine, maxillary
gingivobuccal sulcus, and perialveolar cleft regions.
Iliac crest bone marrow aspirate was performed first
(or simultaneously with the alveolar cleft dissection
using two teams) (Fig 1).

A stab incision was made over the anterior
superior iliac spine. Forty milliliters of bone marrow
aspirate was obtained. Slight repositioning of the
trocar was done for each 10 mL to access different
areas of cancellous bone marrow. but the same
cortical access hole was used. Bone marrow stem
cells were then seeded onto a resorbable collagen
sponge (Healos; DePuy, Spine, Inc., Raynham, MA)
by pulling them through a heparin-treated column.
Two passes were used for seeding the bone marrow
cells onto the collagen matrix. The collagen matrix
with implanted cells was cut into two unequal parts
(approximately one third and two thirds parts). The
larger impregnated matrix was used to fill the

alveolar cleft defect and the smaller piece was placed
under the alar base on the maxilla for support. The
hip trocar site was closed with a simple 5-0 plain gut
suture and an occlusive dressing was placed.

After preparation of the stem cell-seeded col-
lagen matrix, exposure to the cleft defect was
performed in the following fashion. A papillary
incision was made with a No. 15 blade scalpel and a
cephalad back cut was made in the gingival at the
area of the first molar. An incision was also made in
the region of the alveolar cleft to allow enough
mucosa for closure of both the oral mucosal lingually
and alveolar ridge closure buccally.

Subperiosteal dissection was performed with a
freer elevator to fully expose the alveolar defect, the
piriform aperture, and the anterior maxilla. A back
cut in the periosteum of the anterior maxilla was
made with the electrocautery unit to allow for
mobilization toward the cleft and for tension-free
closure over the bone graft. Nasal and oral mucosa
was separated sharply with a No. 15 blade. Nasal
mucosa was closed with simple, interrupted 4-0
chromic sutures. Oral mucosa was closed with
interrupted vertical mattress, everting, 4-0 chromic
sutures. Next, the two collagen matrixYstem cell
constructs were placed in the alveolar defect and alar
base region (as described previously). Finally, the
papillary incision was closed after advancement of
the buccal gingiva approximately one tooth length on
each side mesially toward the cleft. An orthodontic
protective covering (Coe-Paki, GC America, Inc.,
Alsip, IL) was applied to the closed alveolar region
and kept in place for 1 week.

Group 2: Traditional Iliac Bone Grafting (Control)

For this procedure, the harvest of the iliac bone graft
was performed first or with two separate teams (as

Fig 1 Group 1, tissue engineering procedure. Illustration depicts preparation of bone marrow aspirate seeded onto a
resorbable collagen matrix through a heparin column followed by implantation.
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previously described). After 3% bupivacaine and
epinephrine (1:200,000) injection, a 3-cm incision was
placed obliquely below the anterior superior iliac
spine. Subcutaneous dissection was performed to the
iliac crest periosteum with care taken to avoid injury
to the lateral femoral cutaneous nerve. An osteotome
was used on three sides of the iliac crest to create a
‘‘book flap.’’ The periosteum and cortical bone was
opened lateral to medial to expose the cancellous
bone. The osteotome was then used to remove a
wedge of cancellous bone to be used for nasal alar
support. Variable-sized curettes were used to remove
20 to 30 cc of iliac crest cancellous bone. Gelfoam
(Pfizer, Inc., New York, NY) soaked with bupiva-
caine and epinephrine was placed into the defect for
hemostasis and pain reduction. The cortical ‘‘book
flap’’ was closed with 2-0 Vicryl sutures. Finally,
closure with deep dermal 4-0 Vicryl (Ethicon, Som-
erville, NJ), subcuticular 4-0 Monocryl (Ethicon,
Somerville, NJ), and Steri-Stripsi (3M, St. Paul,
MN) was performed. Cancellous bone was placed in
the alveolar defect (created as described previously)
and the cancellous wedge was placed to augment the
alar base (Fig 2).

Group 3: Minimally Invasive Iliac Bone Grafting

This procedure is considered more minimally inva-
sive compared with the traditional iliac bone grafting
technique. It involved similar steps to the previously
described traditional bone graft technique except a
smaller incision (6 mm) is made. A modified bone
core biopsy trocar (KLS Martin, Jacksonville, FL) was
used to penetrate the cortical bone. Core sections of
cancellous bone were then extracted with the hollow
trocar and a plunger was used for cancellous bone
removal from the trocar. Approximately 20 passes
were typically required to obtain the required 20 to
30 cc of cancellous bone. Marcaine (3%) and
epinephrine (1:200,000) was injected into the surgical
site and the incision was closed with a simple 5-0
chromic suture (Fig 3).

OUTCOME ANALYSIS

Morbidity

Complications in both the donor site and alveolar
cleft regions were recorded. Evaluations immedi-

ate postoperatively, at 1 day, 1 week, 3 weeks, 6 weeks,

Fig 2 Group 2, traditional iliac crest bone grafting. The procedure involves the harvest of cancellous bone from the iliac
crest and implantation into the alveolar cleft defect after surgical exposure.

Fig 3 Group 3, minimally invasive. A hollow trocar cores out cancellous bone from the iliac crest through a small incision
and implantation into the alveolar cleft is performed.
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and 6 months looked at complications including hip
site infection, wound dehiscence, bleeding, exposure
of bone graft, persistent oronasal fistula, and others.

A detailed functional outcome questionnaire,
including the level and duration of postoperative
pain, long-lasting pain, sensory disturbances, func-
tional limitations, cosmetic appearance, and overall
satisfaction with the result of the procedure, was
filled out by each patient and parent of each patient.
A research coordinator administered the question-
naire. A pain evaluation score was composed of two
standard visual analog scale scores reporting both
pain intensity and pain frequency. The scores were
recorded on a scale of 0 to 10 with ‘‘0’’ as ‘‘no pain’’
and ‘‘10’’ as ‘‘bad as it could be’’ for pain intensity and
‘‘0’’ as ‘‘none of the time’’ and ‘‘10’’ as ‘‘all the time’’ for
pain frequency scores. Thus, the highest pain score
was 20 (i.e., the highest pain occurring all of the
time). This same survey was used to measure the
donor site pain intensity and frequency scores at
follow-up time points, including postoperative day 1,
week 1, week 3, week 6, and month 6.

Patient hospital records were analyzed for length
of hospital stay. All patients had the option of being

discharged after the procedure as an outpatient or
being admitted overnight. This disposition was
determined by the healthcare providers based on
discomfort or other medical issues. The cost of each
procedure was determined based on surgeon, facility,
and anesthesia fees. The facility fee included cost of
surgical supplies (e.g., resorbable collagen sponge
[Healos] and heparin column for group 1, tissue
engineering). The mean length of stay and procedure
cost was compared among the three groups.

For all quantitative protocols, a one-way analysis
of variance test (GB-Stat, v.6.3; Dynamic Microsys-
tems, Inc., Silver Spring, MD) was performed to
determine statistical significance between values.
Statistical significance was considered for P G 0.05.

RESULTS

Intraoral complications, including wound dehis-
cence, bleeding, exposure of bone graft, persistent

oronasal fistula, and others, were similar in the three
groups. In group 1, tissue engineering, there was no
excessive bleeding, wound dehiscence, or exposure.
However, granulation tissue was noted in the region
of the alveolar cleft in two of the 21 patients. This
resolved after 6 weeks and there were no sequelae. In
group 2, traditional, there was one patient out of 25
who developed both an exposure of the bone graft
and an oronasal fistula postoperatively. In group 3,
minimally invasive, there were two patients out of 23
who developed exposure of the bone graft and one
developed an oronasal fistula.

There were more donor site complications in
group 2, traditional, compared with group 1, tissue
engineering, and group 3, minimally invasive. Of the
25 patients in group 2, traditional, five developed
paresthesias of the medial thigh (four resolved by 6
months postoperatively), two developed wound

Table 1. Donor Site Pain

1 Day 1 Week 3 Weeks 6 Weeks 6 Months

Group 1

(Tissue Engineering)

18/21 5/21 3/21 1/21 0/21

86% 24% 14% 5% 0%

Group 2 (Traditional) 25/25 24/25 21/25 17/25 10/25

100% 96% 84% 68% 40%

Group 3

(Minimally Invasive)

22/23 18/23 14/23 9/23 3/23

96% 78% 61% 39% 13%

Donor site pain was recorded at evaluations immediately postoperatively, at

1 week, 3 weeks, 6 weeks, and 6 months.

Fig 4 Graphic representation of patients with donor site pain. Percentage of patients with donor site pain over the 6-month
follow-up period was highest in group 2, traditional, and lowest in group 1, tissue engineering.
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infections, and four developed hypertrophic scar-
ring. In group 1, tissue engineering, none of the
patients had sensory disturbances, infections, or
problematic scarring. In group 3, minimally invasive,
one patient had conversion to an ‘‘open’’ procedure
when part of the trocar used for obtaining the bone
cores broke off and became logged within the iliac
crest. This resulted in prolonged operating room time
but no other further sequelae.

More functional and appearance problems with
the hip donor site were noted in group 2, traditional,
compared with group 1, tissue engineering, or group
3, minimally invasive. In group 2, traditional, 68% (17
of 25 patients) reported minor problems with either
running or playing sports compared with 0% in
group 1, tissue engineering, or 8% (2 of 23 patients)
in group 3, minimally invasive, at 6 months post-
operatively (P G 0.05). Patient reports showed that
hip scar appearance was visibly noticeable or
unsightly for 48% (12 of 25 patients) in group 2,
traditional, compared with 0% in both group 1, tissue
engineering, and group 3, minimally invasive, at 6
months (P G 0.05).

With regard to donor site pain, group 2, tradi-
tional, had the most patients (and the highest

percentage of patients) with pain at all time points
(Table 1). Group 1, tissue engineering, had the least
patients (and lowest percentage of patients) with pain
at all time intervals. Group 3, minimally invasive, fell
in between these other two groups at all time points
with regard to pain experienced after the procedure.
By 1 week postoperatively, patients who had some
donor site pain (from most to least) included: group 2,
traditional = 96% (24 of 25); group 3, minimally
invasive = 78% (18 of 23); and group 1: tissue
engineering = 24% (5 of 21) (P G 0.05). At the 6-week
time point, only 5% (one of 21 patients) from group 1,
tissue engineering, had pain, whereas 68% (17 of 25
patients) from group 2, traditional, had pain and 40%
(9 of 23 patients) from group 3, minimally invasive,
reported pain (P G 0.05). By 6 months postoperatively,
patients who had some donor site pain (from most
to least) included: group 2, traditional = 40% (10 of
25 patients); group 3, minimally invasive = 13% (3 of
23 patients); and group 1, tissue engineering = 0%
(P G 0.05) (Fig 4).

The mean pain score, including both intensity
and pain frequency, was greatest in all time points in
group 2, traditional, and least in all time points in
group 1, tissue engineering (Table 2). At 1 week
postoperatively, the mean pain score from greatest to
least was: group 2, traditional = 13; group 3,
minimally invasive = 12; and group 1, tissue
engineering = 3 (P G 0.05). At 6 months postopera-
tively, the mean pain score from greatest to least was:
group 2, traditional = 4; group 3, minimally invasive =
2; and group 1: tissue engineering = 0 (P G 0.05) (Fig 5).

With regard to length of stay, in group 1, tissue
engineering, 86% (18 of 21 patients) underwent the
procedure as an outpatient. All of group 2, tradi-
tional, had their procedures performed as an
inpatient (P G 0.05). Only 9% (2 of 23 patients) in

Table 2. Mean Pain Score

1 Day 1 Week 3 Weeks 6 Weeks 6 Months

Group 1

(Tissue Engineering)

3 2 1 0 0

Group 2 (Traditional) 13 11 10 8 4

Group 3

(Minimally Invasive)

12 8 4 2 2

A pain evaluation score reported both pain intensity (0Y10) and frequency

(0Y10). The highest pain score of 20 represents the greatest pain occurring all

the time.

Fig 5 Graphic representation of the mean pain score. Scores represent intensity (0Y10) and frequency (0Y10) of pain. The
highest scores were in group 2, traditional, and the lowest scores were in group 1, tissue engineering.
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group 3, minimally invasive, had their procedures
performed on an outpatient basis. The mean length
of stay was greater for group 2, traditional, at 1.9 T 0.9
days compared with group 1, tissue engineering,
patients at 0.3 T 0.4 (P G 0.04). In addition, the mean
overall cost of the procedure including surgeon,
facility, equipment, and anesthesia fees was greater
in group 2, traditional, at $21,700 compared with
group 1, tissue engineering, at $9100 (P G 0.05).

DISCUSSION

The success of iliac crest bone grafting to close
cleft alveolar defects in patients 7 to 12 years of

age is high.16 Any new procedure for grafting must at
least meet or improve on this success. The tissue
engineering procedure studied with bone marrow-
derived stem cells seeded onto a resorbable collagen
matrix sponge does have comparable results with
regard to alveolar bone healing.19 However, the
donor site morbidity comparison had not been fully
studied. In addition, the differential pain response of
a bone marrow aspiration procedure compared with
an open bone graft procedure in this patient group,
with regard to intensity and longevity, had not been
quantified before this study.

In a different population group, the patients
undergoing orthopedic lumbar spine fusion, the
morbidity of a similar procedure with bone marrow
stem cells seeded on a resorbable collagen sponge
was compared with the harvest of autologous iliac
crest bone graft.20 Data from multiple centers
confirmed that donor site pain for the traditional
iliac crest bone graft remains a significant post-
operative management problem for patients under-
going lumbar spine surgery for degenerative disc
disease. Also, decreased donor site pain in the tissue
engineering group was noted as a postoperative
advantage.21,22 Although this study population was
older and the technique used was slightly different
(more bone graft required) than in our study, similar
morbidity results were obtained.

Most of the morbidity associated with iliac crest
bone grafts involves donor site pain.17 Patient
perception of pain may be different than that
recorded by physicians. When an independent
examiner interviews patients, greater pain response
is typically obtained. Visual analog pain scales are
effective tools for accessing functional outcome. This
method is applicable to all patients regardless of
language and may be used by children older than 4
years of age. This was important for our patient group
because all patients were between 6 and 12 years of
age and many were primarily Spanish-speaking.

Our prospective study evaluated postoperative
pain, functional disturbances, and donor site appear-
ance at five time intervals. Surveys were completed
by the patients and parents, unassisted by the surgeon.
When reviewing the patient surveys, we were
surprised at the percentage of patients in the tradi-
tional group who still had some functional issues at 6
months (although minor and temporary, all were gone
by 1 year postoperatively). Nevertheless, patients with
the tissue engineering technique reported less pain
intensity and frequency postoperatively and had an
easier time running and playing sports. In addition,
with the tissue engineering technique, the mean length
of stay was less and in many cases the procedure was
performed as an outpatient. Finally, the overall cost of
the procedure was 58% less than the traditional bone
graft procedure.

With the use of presurgical nasoalveolar molding
and surgical gingivoperiosteoplasty in the infant
period, it has been reported that 40% of alveolar
bone grafts are obviated. The use of gingivoperiosteo-
plasty at this early time is controversial because of
reports of restricted maxillary growth.23 However,
with close alveolar segments (less that 2 mm), like in
patients with nasoalveolar molding, a limited gingi-
voperiosteal procedure does not appear to cause the
same maxillary hypoplasia. In these patients, the use of
a more minimally invasive approach to bone grafting
such as our described tissue engineering technique at
the time of infant repair may offer benefits. With such
a combined procedure, the need for alveolar bone
grafting at school age may be more significantly
diminished. Of course, growth follow-up studies
would be needed to assess the long-term results of
such a combined procedure. At the time of this study,
the use of recombinant bone morphogenic protein
2 to heal bone defects is approved only in skeletally
mature patients, not infants or elementary school-
aged children.

In summary, our data showed improvement in
postoperative pain in the minimally invasiveYtrocar
technique with a smaller access site compared with
the traditional iliac graft technique. However, the
best technique with regard to donor site morbidity
for the school-aged alveolar cleft patient was a tissue
engineering technique with a resorbable collagenY
stem cell construct.
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