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Bone defect occurs as a consequence of many conditions. Diseased bones don’t heal properly and defects in face area 
need proper bone reconstruction to avoid psychological and social problems. Tissue engineering is an emerging new 
modality of treatment. We thought to study different methods to fill skull bone defect in rats in order to find the 
most safe and effective method. So, this study was designed to evaluate the efficacy of acellular dermal graft (ADM) 
versus propylene mesh both either loaded or unloaded with bone marrow derived mesenchymal stem cells (BM-MSCs) 
in healing of skull bone defect of a 5 mm diameter. The study included 36 adult male Wistar albino rats that were 
divided into three groups according to the way of filling skull bone defect. Group I: Ia (sham control), Ib (negative 
control). Group II: IIa (unseeded propylene), IIb (seeded propylene) and Group III: IIIa (unseeded ADM), IIIb (seeded 
ADM). The trephine operation was done on the left parietal bone. Specimens were collected four weeks postoperative 
and processed for H&E, osteopontin immunohistochemistry and scanning electron microscope. Morphometric and stat-
istical analysis were also performed. After studying the results of the experiment, we found that propylene mesh and 
ADM were suitable scaffolds that could support new bone formation in clavarial bone defect. Healing of skull bone 
defect was better in rats that received seeded scaffolds more than rats with unseeded scaffolds. The seeded ADM showed 
significant increase in bone forming activity as confirmed by histomorphometric and statistical results. 

Keywords: Bone defect, Propylene mesh, Acellular dermal graft, Histology, Bone marrow derived mesenchymal stem cells, 
Immunohistochemical

Introduction 

  When bone is injured, dramatic changes occur in the 
quality of life of patients. It frequently causes social and 
psychological problems (1). Critical-sized bone defect was 
defined as the smallest intra-osseous defects in a specific 
bone that do not heal spontaneously in the lifetime of the 
animal (2). 
  About 2.2 million people worldwide undergo bone graft-
ing due to critical-sized bone defects (3). As an alternative 
to autologous or allogeneic bone grafts, new approach of 
bone-tissue engineering has emerged. Surgeons use scaf-
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folds made of synthetic or natural biomaterials that pro-
mote the migration, proliferation, and differentiation of 
bone cells. Scaffolds can be loaded with osteogenic cells 
in order to generate a living bone graft in vitro, and thus 
improve clinical outcome (4).
  Polypropylene is one of the most inert biomaterials used 
in surgery, and is available as a woven mesh. It is has good 
tensile strength, and demonstrates early fibrous tissue in-
growth that serves to fix and incorporate the mesh. 
Acellular dermal graft (ADM) is structurally and bio-
chemically intact implant material. It is mainly formed of 
collagen; the most common protein in the body. The graft 
serves as a framework to support cellular repopulation, re-
vascularization at the surgical site, and soft tissue re-
generation by the recipient’s own cells (5).
  To provide osteoinductivity, scaffold materials can be 
loaded in vitro with mesenchymal stem cells (MSCs) in 
order to generate a living bone graft (6). Osteopontin is 
a protein that could be found in both extra cellular matrix 
(ECM) and cytoplasm of some cells. It is also produced 
by endothelial cells and vascular smooth muscle cells. It 
is an inflammatory mediator secreted by inflammatory 
cells (7).

Aim
  To evaluate the efficacy of ADM versus propylene mesh 
either loaded or unloaded with BM-MSCs in healing of 
5mm skull bone defect in adult male albino rats. 

Materials and Methods

Animals
  Forty six male Wistar albino rats were used in this 
study. The experiment was conducted on 36 adult rats 
each weighing 150∼200 gms. Their ages ranged from two 
to three months. Five rats of the same age and weight were 
used to obtain ADM. Five weaned male rats weighing 70∼
80 gms each and their ages around one month, were used 
for preparation of BM-MSCs. Animals were kept under 
proper conditions of light, temperature and humidity. The 
whole experiment was carried out in the Animal Research 
Center, faculty of medicine, Ain Shams University. 
  All animal procedures were carried out according to the 
guideline of animal care and the scientific research ethical 
committee of the faculty of Medicine, Ain Shams University.

Experimental protocol
  Animals were kept for seven days before beginning the 
experiment for acclimatization. The 36 experimental rats 
were randomly divided according to the way of filling 

skull bone defects into three equal groups, 12 animals 
each. Each group was further subdivided into two sub-
groups six animals each. Surgical operation was carried 
out on all rats, except those for sham control. 
  Group I: Control group
  - Subgroup Ia: (sham control): rats were left without any 
interference.
  - Subgroup Ib: (negative control): skull bone defect were 
left to heal spontaneously.
  Group II: Synthetic mesh group
  - Subgroup IIa (unseeded propylene mesh): skull bone 
defects were filled with propylene mesh only. 
  - Subgroup IIb (seeded propylene mesh): skull bone de-
fects were filled with propylene mesh loaded with 
BM-MSCs.
  Group III: Dermal graft group
  - Subgroup IIIa (unseeded ADM): skull bone defects 
were filled with ADM only. 
  - Subgroup IIIb (seeded ADM): skull bone defects were 
filled with ADM loaded with BM-MSCs.
  After one month from the operation, all animals were 
sacrificed. 

Surgical procedure
  Preoperative preparation: Animals were anesthetized 
by intramuscular injection of xylazine/ketamine combina-
tion (8). Preoperative dose of sterile normal saline was giv-
en by intraperitoneal injection based on 10 ml/kg/hr of 
surgery. Skulls of rats were shaved from the bridge of the 
snout between the eyes to the caudal end of the skull. 
Then an alcohol swab was used to remove hair trimmings 
(9).
  Operative procedures: Operative procedures were done 
as previously described (9). The trephine tool measured 
5mm in diameter. The margins of the defects were in-
tended to be away from skull sutures (Fig. 1A). In animals 
of group II and III, the implant material (ADM or propy-
lene mesh) was placed into the defect (Fig. 1B). The skin 
was closed using simple interrupted 2-0 nylon suture. The 
head was cleaned with saline and was sprayed with amika-
cin antibiotic. 
  Postoperative care: After observation of purposeful 
movements, rats were transferred to their normal cages 
and were housed singly until tissue harvest. Betadine and 
Antibiotic spray were applied to the surgical site for three 
days postoperative. All 36 rats received intraperitoneal in-
jections of analgesic and antibiotic for one week post-
operative.
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Fig. 1. (A) The defect after trephine. (B) ADM in the defect. (C∼E) Phase contrast photomicrographs of MSCs showing (C) Sub-cultured 
MSCs on day 5. Most cells are spindle in shape with long cytoplasmic processes having granular cytoplasm with vesicular nuclei. (D&E) 
Cells of primary culture showing MSCs with positive brownish cytoplasmic immune reaction for CD 105 (↑) and CD44 respectively. (F) 
Propyelene mesh fibers (↑) in culture media with BM-MSCs (*). (G) H&E of ADM after seeding with BM-MSCs. Irregular collagen fibers 
in papillary (P) and reticular (R) layers are covered with basement membrane (↑). Inset: Cells (▲) between collagen fibers. ADM: acellular 
dermal graft, BM-MSCs: bone marrow derived mesenchymal stem cells. Phase contrast photomicrographs [C×200], [D×100], [E×400].
H&E [G×400, inset ×1,000].

Implant materials
  Prolene meshes (10): Polypropylene knitted non-ab-
sorbable, sterile mesh was purchased from EL Goumhoria 
company (Ethicon, INC, Trademark RMC: 385972). The 
mesh was cut to fit into the defect area.
  Acellular Dermal Graft: Decellularization of the skin 
was done to prepare ADM. The skin was treated to remove 
the cells of the epithelial and dermal components. It was 
prepared by combination of physical and chemical de-
cellularization techniques (11, 12).
  Before use, the graft was sterilized by exposure to UV 
rays (two hours for each side) (11). A specimen of 1 cm 
×1 cm of the prepared dermis was then fixed in 10% buf-
fered formalin and processed to obtain paraffin blocks. 
Paraffin sections were then stained with H&E stain.

Culture and isolation of BM-MSCs
  Isolation, culturing and characterization of cultured 
BM-MSCs were done (13). All steps were carried out at 
Stem cell research unit, Histology and Cell Biology de-
partment, Faculty of Medicine, Ain Shams University. 
Immunohistochemical characterization of cultured BM-MSCs 
was done using streptavidin-biotin immunoperoxidase 
technique for CD44, CD 105, CD 45 and CD 34 in the 
cultured cells (14).

Seeding of BM-MSCs on ADM and propylene mesh
  Round pieces of ADM (5 mm diameter) were prepared. 

After sterilization, ADM was soaked in saline for one hour 
to rehydrate it. BM-MSCs were obtained near confluent 
in the 2nd passage. ADM scaffolds were incubated over-
night in fresh MSCs Growth Medium. 0.5 ml of BM-MSCs 
suspension containing 1×105 MSCs was pipette aseptically 
onto ADM. It was left for one hour in the laminar flow 
cabinet to help cell attachment then 2 ml of Dulbecco's 
modified Eagles medium was added. For transplantation 
onto animal, these scaffolds were cultured for one day af-
ter seeding with MSCs (15). 
  The same steps were applied to seed BM-MSCs on pro-
pylene mesh.

Sample collection
  At the end of the experiment, animals were sacrificed 
by decapitation after ether inhalation anesthesia. The sur-
gical site surrounded with an area of healthy clavarial 
bone was collected.

Preparation of tissue
  Preparation of decalcified material: The collected 
samples were decalcified using ethylene-diamine-tetra- 
acetic acid (EDTA) disodium salt. The decalcified speci-
mens were processed to paraffin blocks. Serial sections 
were cut in a plane perpendicular to bone surface and 
were stained with H&E and streptavidin-biotin immuno-
peroxidase technique for detection of osteopontin (Lab vi-
sion/Neomarkers. Westinghouse Dr. Fremont, California) 
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(16). Osteopontin is also called secreted phosphoprotein 1 
(SPP1). Osteopontin active sites appear brown both in the 
cytoplasm of cells and in the extracellular matrix (ECM). 
Negative control was done by omitting the step of primary 
antibody. 
  Preparation for scanning electron microscopy 
(SEM): Area of defect surrounded by healthy clavarial 
bone was taken from all groups. The specimens were cut 
in plane perpendicular to the bone surface, and then proc-
essed for SEM. Specimens were examined and photo-
graphed using a JEM 1200 EXII (JEOL, Tokyo, Japan) 
SEM at Faculty of Science, Ain Shams University. Cairo, 
Egypt. 

  Morphometric and statistical study
  An image analyzer Leica Q win V.3 program installed 
on a computer in the Department of Histology and Cell 
Biology, Faculty of Medicine, Ain Shams University, was 
used. The computer was connected to a Leica DM2500 mi-
croscope (Wetzlar, Germany). 
  Animals from all groups were subjected for morpho-
metric study. Measurements were taken from three differ-
ent slides obtained from each animal. Five haphazardly 
selected non overlapping fields were examined for each 
slide at objective lens ×40 to measure.
  Percentage of bone surface covered by osteoblasts:  
It represented the percentage of bone perimeter covered 
by osteoblasts. 
  The mean area percentage for positive expression of 
osteopontin: Mean and standard deviation (SD) of meas-
ured parameters were statistically analyzed using one way 
ANOVA with post-hoc test using SPSS statistical program 
version 21 (IBM Inc., Chicago, Illinois, USA). Probability 
of p value＜0.05 is considered significant (17).

Results

The morphology of the primary culture of BM-MSCs by 
the inverted phase contrast microscope
  On examination of the BM primary culture on day 
three, some cells were seen adherent to the flask. They 
were variable in size and shape. They appeared spindle, 
star shaped and triangular. The cells showed vesicular 
nuclei. On day four, some cells appeared rounded, spindle 
in shape while others were star shaped. They attained ve-
sicular nuclei and granular cytoplasm. Some cells had 
long well developed processes. Colony formation could be 
also noticed. On day seven the cells were mostly confluent 
(about 90∼95%) with granular cytoplasm, vesicular nuclei 
and long interconnected cytoplasmic processes (data not 

shown). The rat BM-MSCs on day five of subculture 
reached about 90∼95% confluence and was formed of col-
onies of spindle shaped cells (Fig. 1C). At this stage they 
were collected for seeding on scaffolds. 
  Immunohistochemical examination of cells of primary 
culture showed positive CD105 and CD44 brownish cyto-
plasmic reaction of attached cells (Fig. 1D and 1E re-
spectively). Also negative immune reaction for CD34 and 
CD45 was noticed (data not shown).

Results of seeding of BM-MSCs on scaffolds
  After seeding on propylene mesh, examination of the 
culture dishes by phase contrast microscope, revealed pro-
pylene mesh as squares of fibers and BM-MSCs were seen 
seeded on it (Fig. 1F). After seeding on ADM; cells were 
seen between collagen fibers (Fig. 1G). 

Histological results
  In subgroup Ia, examination of sagittal sections of the 
cranial vault stained with H&E, showed the clavarial bone 
formed of outer and inner tables of compact bone with 
diploe formed of BM spaces separated by bone trabeculae. 
The outer surface of the compact bone was covered with 
periosteum and the inner surface was seen lined with dura 
matter (data not shown). BM spaces were lined with endo-
steum containing flat osteogenic cells and cuboidal 
osteoblasts. Osteocytes were seen inside their lacunae. 
Basophilic cement lines could also be noticed between par-
allel bone lamellae (Fig. 2A).
  In subgroup Ib the bone defect was filled with dense ir-
regular vascular connective tissue (CT). Blood vessels were 
noticed in the CT and few osteogenic cells were seen at 
the margin of the bone defect. Small foci of newly formed 
bone with uneven acidophilic staining of the matrix were 
sometimes seen near the margin of bone defect (Fig. 2B). 
Osteoblasts were occasionally noticed on the surface of 
bone. Fibroblasts with flattened nuclei were frequently 
seen between bundles of densely arranged collagen fibers. 
Many blood vessels could be also seen between the colla-
gen fibers (Fig. 2C). Some blood vessels were seen at the 
center of the defect surrounded by mononuclear cells in-
cluding some lymphocytes with large dark basophilic nu-
clei and plasma cells with eccentric cart wheel nuclei and 
negative Golgi image (Fig. 2D). 
  In subgroup IIa the defect area was filled with BM. Thin 
rim of bone was seen on the outer and inner surfaces of 
the defect with some attached cells. Osteogenic cells and 
osteoblasts were seen on the margin of the bone at the de-
fect area (Fig. 3A). Osteogenic cells were also seen in the 
inner osteogenic layer of the periosteum (data not shown). 
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Fig. 2. (A) Ia: Clavarial bone formed 
of diploe of compact bone with 
bone marrow space (BM) in-between. 
Endosteal surface lined with osteo-
genic cells (↑) and osteoblasts (↑↑), 
osteocytes inside their lacunae (O), 
and basophilic cement lines (▲) are 
seen between bone lamellae (*). (B∼
D) Ib: (B) Bone defect filled with 
dense vascular (BV) connective tis-
sue, few osteogenic cells (↑) at the 
margin of the defect, small foci of 
newly formed bone (↑↑). (C) Richly 
vascularized (BV) dense connective 
tissue in bone defect, fibroblasts (↑) 
between bundles of densely ar-
ranged collagen fibers (*). Occasional 
osteoblasts (▲) on bone surface (B). 
(D) A blood vessel is surrounded 
with homogenous acidophilic mate-
rial (↑), mononuclear cells (▲), 
lymphocytes (thick arrow) and plas-
ma cells (*). H&E [A, C&D] ×1,000.
[B] ×400.

Fig. 3. (A) IIa: Thin rim of bone (↑) with attached cells on inner and outer surfaces of defect with bone marrow (BM) inbetween. Inset: 
margin of defect with osteogenic cells (thick arrow). (B∼E) IIb: (B) Irregular immature bone (↑) and BM space near the defect. (C) Highly 
celluar bone margin, osteocytes in their lacunae, osteoblasts (↑), blood vessels (BV) and irrregulaly formed bone (thick arrow) near defect 
margin. (D) Bone defect filled with many wide spaces (*) separated by thin septa (↑) and covered with periosteum (P). Area of new 
bone formation is seen (▲). (E) Newly formed bone trabecula (T), oesteogenic cells (↑), osteocyte lacunae (O), an osteoclast (thick arrow) 
in its Hawship lacuna and BM cells. H&E [A, C&inset of A] ×400. [B&D] ×100. [E]×1,000.

  In subgroup IIb, irregular immature bone was seen at 
margins of the defect. BM cells could be seen adjacent to 
these margins (Fig. 3B). The edge of the defect showed 

highly celluar margins formed of osteocytes in their 
crowded lacunae among unevenly stained matrix. Areas of 
irrregulaly formed bone, blood vessels and cuboidal osteo-
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Fig. 4. (A∼C) IIIa: (A) Highly cellular edge of defect, osteoblasts (↑), newly formed osteocytes (▲). (B) Highly vascular (BV) dermal graft, 
bone trabecula (T), osteocyte lacunae (O), osteogenic cells (↑). (C) Center of defect: dense connective tissue (*), newly formed bone (▲) 
surrounded with osteoblasts (c), osteogenic cells (f), blood vessels (↑). (D&E) IIIb: (D) Center of defect: Bone trabeculae (T) and osteogenic 
cells (↑). (E) Irregular margin of bone defect (↑) and osteoblasts (▲). Inset: Osteoblasts (▲) and highly cellular center of defect. H&E 
(A∼E) ×400. [Inset of E] ×1,000.

blasts, were freqently noticed near bone margin (Fig. 3C). 
Many wide spaces separated by thin septa were frequently 
noticed in the defect area (Fig. 3D). Newly formed bone 
trabeculae were frequently seen covered with flat oesteo-
genic cells. Osteocytes lacunae were seen embedded in 
their matix. Osteoclasts were also noticed in their 
Hawship`s lacunae on the surface of bone trabeclae. These 
newly formed bone trabeculae were seen surrounded with 
BM cells (Fig. 3E). 
  In subgroup IIIa, bone margins were seen irregular cov-
ered with many layers of cells. Most of these cells ap-
peared as large cuboidal osteoblasts with intense baso-
philic cytoplasm and eccentric nuclei. Newly formed os-
teocytes could be also seen in their crowded lacunae (Fig. 
4A). The graft near the margins was highly vascular. Bone 
trabeculae were frequently noticed towards the dura. They 
were covered with osteogenic cells and were characterized 
by homogenous (non fibrillar) acidophilic matrix. 
Osteocytes lacunae could also be seen embedded in their 
matrix (Fig. 4B). Areas of newly formed bone were noticed 
in the center of the defect. They appeared surrounded by 
flattened osteogenic cells and cuboidal osteoblasts. Dense 
regular highly vascular CT was also seen near the newly 
formed bone (Fig. 4C). 
  In subgroup IIIb, highly cellularized graft was seen (data 
not shown). Bone trabeculae covered with flattened osteo-

genic cells were frequently observed at the center of the 
defect (Fig. 4D). The margin of the defect appeared irreg-
ular with many osteoblasts. The central part of the graft 
was noticed with high cellularity. Osteoblasts were seen 
with eccenteric rounded nuclei and negative Golgi image 
could be seen (Fig. 4E).
  In subgroup Ia, SEM showed BM spaces filled with BM 
cells and lined with flat endosteal cells (Fig. 5A). Cuboidal 
cells mostly osteoblasts were frequently seen on the sur-
face of the trabeculae (Fig. 5B). In subgroup Ib, the defect 
area appeared filled with irregularly arranged thick fibers 
and extravasted RBCs. Many cells appeared with long cy-
toplasmic processes and were seen attached to these fibers 
(Fig. 5C). Subgroup IIa showed regular tissue filling areas 
between propylene fibers. This tissue was seen formed of 
regularly arranged fibers with BM cells in between (Fig. 
5D). Flattened cells and cuboidal cells with cytoplasmic 
processes were also seen between these fibers (Fig. 5E). 
In subgroup IIb showed fibers of propylene mesh sur-
rounnded by dense CT. Newly formed bone trabeculae 
were frequently seen in the defect (Fig. 6A). Fibers filling 
the defect were irrregular, the cells were interconnected 
and bone trabeculae were seen irregular and extending be-
tween the propylene fibers (Fig. 6B). In subgroup IIIa, os-
teocytes inside their lacunae with their processes were ob-
served embedded in newly formed trabeculae (Fig. 6C). 
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Fig. 5. Scanning electron micro-
graphs of sagittal section of rat skull 
bone. (A&B) Ia: (A) Clavarial bone 
(C) enclosing bone marrow space 
(BM) is lined with flat endosteal 
cells (E). (B) Cuboidal bone cells (↑) 
on the surface of bone trabeculae 
(T). (C) Ib: Irregularly arranged colla-
gen fibers (↑). Cells (▲) with long 
processes are attached to collagen fi-
bers and RBCs (*) are seen inbetween. 
(D&E) IIa: (D) Fibers (*) and cells 
(↑) filling areas between propylene 
fibers (P). (C) Calvarial bone. (E) 
Regularly arranged fibers (*). Flattened 
cells (thick arrow) and cuboidal cells 
(▲) with cytoplasmic processes (↑) 
are seen between these fibers. SEM 
[A] ×1,000. [B, C&E] ×4,000. [D] 
×200.

Fig. 6. Scanning electron micro-
graphs of sagittal section of rat cra-
nial vault at the defect area. (A&B) 
IIb: (A) A fiber of propylene mesh 
(P), surrounnded by irregular con-
nective tissue filling the defect. 
Newly formed bone trabeculae can 
be seen at its periphery (↑). (B) 
Irregular fibers (↑), interconnected 
cells (▲) and irregular bone trabecu-
lae (T) are seen between propylene 
fibers (P). (C) IIIa: Newly formed 
bone trabeculae (T) and osteocytes 
(O) inside their lacunae (L) can be 
seen with their processes (↑). (D) 
IIIb: The defect is filled with con-
nective tissue. Irregular bone trabe-
cula (T) and cells (↑) with inter-
connected processes can be seen be-
tween the trabeculae. SEM [A] ×200.
[B, C&D] ×4,000.
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Fig. 7. (A) Ia: Positive immune reaction at cement lines (↑), in cells lining the endosteum (▲) [from above downwards: osteogenic, osteo-
clast, osteoblasts. (B) Ib: Minimal expression in cells lining blood vessels (▲), at margin of defect (↑) and dura (D). (C) IIa: Positive reaction 
in cells at the margin of defect (↑) and on thin rim of bone on the inner and outer surfaces of defect (▲). (D&E) IIb: Positive immune 
reaction (D) in osteoblasts (▲) and osteocytes (▲), (E) In cells (↑) surrounding newly formed bone marrow space (BM). Inset: in cells 
invading the septa that separate bone marrow spaces. (F) IIIa: positive reaction in cells at defect margin (↑), in extracellular matrix (▲). 
Clavarial bone (B). (G&H) IIIb: Intense reaction in (G): extracellular matrix, osteoblasts (▲), osteocytes (▲), cements lines (↑), (H) in the 
center of the defect in cells (↑) and extracellular matrix (*). Anti osteopontin antibody [A∼F&its inset, G&H] ×400.

Results of subgroup IIIb showed the defect area filled with 
CT. Irregular bone trabeculae were frequently seen in the 
defect. Cells with interconnected processes were noticed 
inbetween bone trabeculae (Fig. 6D).

Immunohistochemical results
  In subgroup Ia, positive expression of osteopontin was no-
ticed at the cement lines and in the cytoplasm of cells of 
BM and cells at the endosteum (Fig. 7A). In subgroup Ib, 
minimal positive immune reaction for osteopontin was no-
ticed in the cytoplasm of cells at the margin of the defect. 
Minimal reaction was also seen around blood vessels near 
the margin of the defect, in the dura (Fig. 7B), and in 
the center of the defect (data not shown). 
  In subgroup IIa, positive cytoplasmic expression for os-

teopontin was detected in cells at the margin of the defect 
and on the thin rim of bone present on the inner and out-
er surfaces of the defect. Positive reaction was also seen 
in the cytoplasm of cells of the BM (Fig. 7C). While in 
subgroup IIb, osteopontin expression was seen in the ECM 
near the margin of the defect and in the cytoplasm of os-
teoblasts and osteocytes (Fig. 7D). In the center of the de-
fect, prominent positive immune reaction for osteopontin 
was noticed in the cytoplasm of cells invading the septa 
that separate these BM spaces (Fig. 7E). In subgroup IIIa, 
intense positive cytoplasmic expression for osteopontin 
was noticed in the cytoplasm of cells lining the margin 
of the defect. In the center of the defect, the reaction was 
seen in the ECM (Fig. 7F). In subgroup IIIb, positive im-
mune reaction for osteopontin was seen in the ECM near 
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Table 1. Showing the mean±SD of the mean thickness of osteo-
genic layer at the margin of bone defect, the mean percentage 
of osteoblast surface area at the edge of the defect and the mean 
area percentage of positive osteopontin expression in different 
groups

Subgroup
Mean percentage of bone 

surface covered by 
osteoblasts (%)

Mean area % of 
osteopontin expression

Ib 13.25±0.53* 1.49±0.29*
IIa 15.04±0.69* 2.01±0.13*
IIb 32.51±0.37∆♦  7.59±0.47∆♦
IIIa 20.56±0.35▲ 4.39±0.39▲

IIIb 39.52±0.37∆● 12.67±0.42∆●

*Significant decrease compared to IIb, IIIa and IIIb.
∆Significant increase compared to Ib, IIa, IIIa.
♦Significant decrease from IIIb.
▲Significant increase compared to Ib and IIa and significant de-
crease compared to IIb and IIIb.
●Significant increase compared to IIb.
ADM: acelluar dermal graft.

the margin of the defect and in the cytoplasm osteoblasts 
and osteocytes. Cement lines were also seen with positive 
immune reaction (Fig. 7G). In the center of the defect, 
intense positive reaction for osteopontin was noticed in 
both cells and ECM (Fig. 7H).

Histomorphometric results
  The mean percentage of bone surface covered by 
osteoblasts and the mean area percentage of osteo-
pontin expression (Table 1): In subgroups Ib and IIa a 
significant decrease was noticed in both parameters com-
pared to subgroups IIb, IIIa and IIIb. In subgroup IIb, a 
significant increase was noticed in both parameters com-
pared to subgroups Ib, IIa and IIIa. Also a significant de-
crease was noticed compared to subgroup IIIb. In sub-
group IIIa, a significant increase was noticed in both pa-
rameters compared to subgroups Ib and IIa, and a sig-
nificant decrease was noticed compared to subgroups IIb 
and IIIb. In subgroup IIIb, a significant increase was no-
ticed in both parameters compared to all other subgroups.

Discussion

  Operative treatment for bone defect frequently requires 
implantation of a temporary or a permanent prosthesis, 
which is a challenge for orthopedic surgeons, especially in 
cases of large bone defects (18).
  This study was carried out to assess efficacy of natural 
(ADM) and synthetic (propylene mesh) scaffolds in heal-
ing of skull bone defect in the left parietal bone of adult 

male albino rats. They were used either alone or seeded 
with stem cells. 
  In the current study, a bone defect of 5mm diameter 
was done on the left parietal bone. The margins of the 
defects were intended to be away from skull sutures to 
avoid involvement of undifferentiated cells which present 
in the CT in the suture area as mentioned by some au-
thors (19). In this experiment, samples were collected four 
weeks postoperative. It was reported that this period was 
enough to assess the early phase of the healing response 
as the stability of the materials or host reactions. However 
longer period of eight weeks or more might be appropriate 
for assessing late healing phase, as bone incorporation, re-
sorption of materials, bone remodeling, or the amount of 
bone regeneration (20).
  In the current study, when the defect was left to heal 
spontaneously (subgroup Ib), highly vascular CT was seen 
filling the defect area with small foci of newly formed 
bone in the center of the defect. This was previously ob-
served by some authors (21). Presence of newly formed 
bone foci in the center of the defect in the current study 
was explained by some authors who mentioned that re-
generation in cranial defects could occur from the cut 
edges of the bone or from islands of bone within the dura 
mater and periosteum. The periosteum provides cortical 
bone with blood supply. The dura contributes to the re-os-
sification of cranial defects due to its osteogenic po-
tentiality (20). This could explain the presence of positive 
expression of osteopontin in the cytoplasm of cells at the 
margin of the defect and in the dura. 
  It was stated that osteopontin distribution at cement 
lines indicated bone remodeling; as cement lines were de-
fined as being boundaries between older and newer bone. 
Osteopontin play a role in osteoblast adhesion and early 
calcification events in the cement layer (22).
  On using unseeded propylene mesh in subgroup IIa, a 
thin acidophilic rim was seen on the inner and outer sur-
face of the defect. Some cells were seen attached to this 
thin layer indicating that it might be a newly formed 
bone. Low bone forming activity was detected in this sub-
group as there was a significant decrease in osteopontin 
expression compared to all groups. 
  After seeding of BM-MSCs on the propylene mesh 
(subgroup IIb), the defect area appeared divided into 
many spaces separated by thin septa. Irregular immature 
bone, bone trabeculae and foci of newly formed bone were 
seen near the margin of the bone. High bone forming ac-
tivity was detected in this group as indicated by a sig-
nificant increase in percentage of bone surface covered by 
osteoblasts, and the mean percentage of osteopontin 
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expression. 
  Seeded propylene mesh appeared to give hopeful results 
in dealing with skull bone defects in the current study. 
This could be explained by other investigators who re-
ported that the high porosity of the scaffold facilitated ex-
cellent cell infiltration and growth of blood vessels (23). 
It was reported that the size of the pores between fibers 
of propylene mesh measure about 1,000 μm (24).
  In the current study, ADM was a natural scaffold 
formed of collagen and ECM. It was used to fill the clava-
rial defects in group III. On using the unseeded ADM in 
subgroup IIIa, the dermal graft appeared cellular and 
highly vascular. Foci and trabeculae of new bone for-
mation were seen in the central and peripheral regions of 
bone defect towards the dura matter. Same pattern of new 
bone formation was noticed by other authors on using dif-
ferent scaffolds (19). They stated that bone repair started 
from the dura side as it contained greater osteogenic activ-
ity than that of the outer periosteum, although it is well 
known that undifferentiated cells are present in the 
periosteum.
  On filling the defect with seeded ADM in subgroup 
IIIb, the edge of the bone showed significant increase in 
the percentage of bone surface covered by osteoblasts, and 
in the mean area percent of osteopontin expression. These 
findings indicated highly active process of new bone 
formation. Strong positive expression of osteopontin was 
detected in the cytoplasm of osteoblasts, osteocytes and in 
cement lines. Distribution of osteopontin in this pattern 
might represent evidence for bone remodeling. 
  Pore size between collagen fibers differed according to 
the site from which skin was obtained. It was mentioned 
that the dermis of the skin of the back comprised loose 
and packed regions with heterogeneous density and in-
ter-fibrillar spaces ranging between 1 to 20 μm (25). 
Regarding the relation between the pore size of the scaf-
fold and the efficacy of healing, pioneering studies were 
done in 2000. It showed that pore sizes less than 15∼50 
μm resulted in fibrovascular in-growth, pore sizes of 50∼
150 μm encouraged osteoid formation, and pore sizes 
greater than 150 mm encouraged the in-growth of mineral-
ized bone (26). These data pushed us to unify the site of 
extraction of the skin used in preparation of the ADM 
(thin skin of the back of the rats).
  It was clearly observed that seeding both scaffolds with 
BM-MSCs (subgroups IIb and IIIb) had led to significant 
increase in bone forming activity than unseeded scaffolds 
subgroups (subgroups IIa and IIIa). This was confirmed 
by statistical analysis. The integrated function between the 
scaffolds and the seeded cells was described by some 

authors. They reported that the scaffold provided the ini-
tial framework for the seeded cells to attach, proliferate, 
and differentiate. Then ECM created by the cells provided 
integrity with the new tissues over time. It was also re-
ported that MSCs display lineage-specific differentiation 
when cultured on substrates that mimic the stiffness of na-
tive tissue environments. So, when MSCs were cultured 
on substrate that mimics the bone environment, the cells 
become osteogenic (22). This might explain the significant 
increase in the mean percentage of osteopontin expression 
in defects filled with seeded scaffolds in subgroups IIb and 
IIIB. The presence of osteopontin had traditionally been 
interpreted as an indicator of bone formation. It had also 
been reported to enhance osteoblastic differentiation and 
proliferation (22).

Conclusions

  Tissue engineering is an ideal alternative for graft oper-
ation in healing of large bone defects. Recovery of skull 
bone defect was better in rats where scaffolds were seeded 
with BM-MSCs than rats with scaffolds alone without 
stem cells. During this study, the seeded ADM showed 
significant increase in bone forming activity as confirmed 
by histomorphometric and statistical results of osteoblastic 
surface area percent and area percentage of osteopontin 
expression, compared to the seeded propylene mesh 
groups. On the other hand both types of seeded grafts 
have more bone forming activity than unseeded ones.
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