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Effects of Combination of BMP7, PFG, and Autograft 
on Healing of the Experimental Critical Radial Bone 

Defect by Induced Membrane (Masquelet) Technique 
in Rabbit

Abstract

Background: Healing of large segmental bone defects can be challenging for orthopedic surgeons. This research was 
conducted to provide further insight into the effects of BMP7 in combination with autograft and platelet fibrin glue (PFG) 
on bone regeneration by Masquelet technique (MT). 
  
Methods: Twenty five domestic male rabbits, more than 6 months old, weighing 2.00±0.25 kg were randomly divided 
into five equal groups as follows: MT-blank cavity (without any biological or synthetic materials) (1), blank cavity (2), MT-
autograft (3), MT-autograft-BMP7 (4), and MT-BMP7-PFG (5). A 20 mm segmental defect was made in radial bone in 
both forelimbs. The Masquelet technique was done in all groups except group 2. The study was evaluated by radiology, 
biomechanics, histopathology and scanning electron microscopy.  

Results:  The results showed that Masquelet technique enhanced the healing process, as, the structural and functional 
criteria of the injured bone showed significantly improved bone healing (P<0.05). Treatment by PFG-BMP7, Autograft-
BMP7, and autograft demonstrated beneficial effects on bone healing. However, Autograft-BMP7 was more effective 
than autograft in healing of the radial defect in rabbits. 
 
Conclusion: Our findings introduce the osteogenic materials in combination with Masquelet technique as an alternative 
for reconstruction of the big diaphyseal defects in the long bones in animal models. Our findings may be useful for 
clinical application in future. 

Level of evidence: V
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Introduction

Trauma, pseudoarthrosis, bone infection, bone 
necrosis, bone tumors and congenital bone 
diseases are among the commonest causes of bone 

defects (1). In contrast to the growing understanding of 
fracture healing processes, delayed healing and non-
union formation remain a significant clinical challenge. 
Segmental bone defects due to traumatic injuries 
are complicated problems with significant long-term 

morbidity. Managing segmental long bone defect is 
difficult, so amputation was the preferred treatment. 
Using Ilizarov technique, vascularized fibular grafts, 
and acute limb shortening have been previously used 
to address defects of various lengths. Even when the 
recipient site is well vascularized, the usual bone graft 
techniques are limited by uncontrollable graft resorption 
(2-4). Among these, induced membrane technique is a 
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rabbits’ jugular vein aspiration and it mixed with 
citrate phosphate dextrose at a ratio of 5:1 v/v (29). 
The Platelet-Rich Plasma (PRP) was separated from the 
blood by centrifugation at 327×g for 15 min at ambient 
temperature. The fibrinogen within the glue was 
precipitated from the PRP by ethanol precipitation at low 
temperature. The precipitated fibrinogen was separated 
by natural process at 3000×g for eight min at 0-40C. The 
separated fibrinogen together with the modified PRP was 
used to enrich it with growth factors. Finally, a mixture 
of calcium chloride (Merck, Cat. No. 102382) /topical 
bovine thrombin (T-4648, Sigma-Aldrich) (10 CC of 10% 
calcium chloride mixed with 10,000 units of topical 
bovine thrombin) was added to the platelet-enriched 
fibrinogen solution (35, 36) to organize PFG prior to 
operation.

In this study, BMP7 purchased from Sigma Company 
(Sigma b1434 10UG) was used and for Bone graft 
harvesting, Fragments of organic graft were removed from 
a dorsally addressed iliac wing, according to the technique 
by Bojrab (37). Polymethylmethacrylate (PMMA) samples 
were prepared by adding methylmethacrylate monomer 
(MMA) to PMMA powder at a ratio of 1.52 g/ml (38). 

Animals and operative procedures
Twenty five male domestic rabbits, more than 6 months 

old, weighing 2.00±0.25 kg were randomly divided into 
5 equal groups as follows: MT-blank cavity (without any 
biological or synthetic materials) (1), blank cavity (2), 
MT-autograft (3), MT-autograft-BMP7 (4) and MT-BMP7-
PFG (5). The animals were kept in separate cages with 
ambient temperature of 240C, served a normal diet, and 
allowed to move freely during the study. All the animals 
underwent general anesthesia with xylazine 2% (2 mg/
kg) for premedication, and anesthetized by intramuscular 
administration of ketamine 5% (30 mg/kg) and xylazine 
2% (3 mg/kg). Both forelimbs in all animals were 
aseptically prepared for operation. The radius was 
uncovered by dissecting the underlying muscles after a 3 
cm incision was made craniomedially over the skin of the 
forelimb. In the middle of each radius, a 20 mm segmental 
defect was formed. After removing 2 cm segmental bone, 
the bone defect was filled with PMMA cement_in animals 
of groups one, three, four, and five, simultaneously. The 
defect was not filled in animals of group two. The muscles 
were then sutured with Vicryl No 2-0. The skin was closed 
routinely. In our study 26 µg BMP7 was used in each 
rabbit. One month after operation, the second operation 
was performed. At this stage the skin was opened and 
the PMMA was then removed by cutting the created 
membrane and the biological material was placed in the 
position as mentioned and the membrane was sutured 
and the skin was then closed. In group 2, after one month, 
an incision was done on the induced membrane and then 
sutured as other groups.

The membrane had several advantages, some of which 
are as follows: it prevented bleeding while it was debrided 
out of the wound, and it saved the graft. The membrane 
also serves both as a mechanical vehicle (containment 
the bone graft) and a biological barrier (promotion of 
both angiogenesis and osteogenesis through secretion 

two-stage technique for bone repair in the metaphyseal 
and diaphyseal regions of long bones (5, 6). This technique 
is also used to treat nonunion, segmental bone defects, 
and congenital pseudoarthrosis of tibia in children (7). In 
addition, the Masquelet technique (MT) is an option for 
treatment of larger osseous defects because it is useful for 
short and long bone defects and is not length-dependent. 
Short time of reconstruction, high rate of bone union, and 
low rate of complications are other advantages of the 
Masquelet technique. Firstly, a cement spacer is placed 
in the bone defect. It induces the formation of specialized 
tissue or membrane around it. After one month, the 
cement spacer is replaced with a bone graft in the tube 
of the induced membrane. The induced membrane has a 
range of key growth factors including BMP2, VEGF, and 
TGF-β1 (8-13). The induced membrane maintains a space 
for the biologic material. This shiny membrane that is 
made during this technique by induction of a periosteal 
membrane prevents graft resorption.

Till now, approximately 20 members of bone 
morphogenetic protein family (BMP) (member of the 
transforming growth factor-β superfamily) have been 
identified (14). BMPs stimulate reproduction and 
migration of undifferentiated bone cell precursors. 
They induce new bone formation by stimulating alkalin 
phosphatase activity and lead the mesenchymal cells to 
migrate, proliferate, and differentiate into osteoblasts 
(15). BMPs also induce angiogenesis and inhibit myoblast 
formation, help undifferentiated pleuripotent cells to 
differentiate into cartilage and cells that shape bones, 
and act as a chemoattractant for mesenchymal cells (16-
20). They help in bone matrix formation (21). Among 
these, rhBMP2 and rhBMP7 have been shown to induce 
bone formation in vivo (15, 20, 22).

BMP7 has osteogenic properties including osteoin-
duction and osteoconduction and regulates chemotaxis, 
mitosis, differentiation, and ossification during the 
bone healing process (17, 23-26). BMP2 and BMP7 
promote bone formation when placed in ectopic areas 
(20). BMP2 appears to be the most potent agent to 
induce osteoblastic differentiation of mesenchymal 
stem cells (27). BMP2 was associated with early events 
of bone healing whereas BMP7 was connected with 
pre-hypertrophic and hypertrophic chondrocytes, 
osteoblasts, and osteocytes (28). 

Platelet fibrin glue (PFG), also known as “platelet glue” 
or “cryoplatelet gel,” is a blood-derived biomaterial that 
is relatively new. Platelets and fibrinogen are contained 
in a small plasma volume, resulting in differential 
centrifugation and precipitation (29-31). This technique 
produces autologous fibrin glue with high platelet 
and fibrinogen concentrations (29). Some literatures 
have proposed PFG to be applied as biomaterial that is 
suitable in bone tissue engineering (29, 32-34). BMP2 
has been found in induced membrane. This study was 
designed to give more insights into the effects of BMP7 in 
combination with autograft and PFG on bone healing by 
Masquelet technique.

Materials and Methods
To prepare PFG, the blood was obtained through 
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of cytokines and growth factors). The membrane has a 
range of key growth factors including BMP2, VEGF, and 
TGF-β1 (8-13) and acts as a maintaining area for biologic 
material. The shiny membrane that is manufactured 
through this technique by induction of a periosteal 
membrane protects the graft from resorption by supplying 
the growth factors, cytokines, and vascularization as well 
as preventing soft-tissue interposition. The membrane 
secretes cytokines and growth factors including 
vascular and osteoinductive factors. The membrane 
acts as a barrier to outward diffusion of growth and 
osteoinductive factors and avoids excessive bleeding 
throughout the bone healing duration, helps avoid 
resorption of the graft and promotes its vascularity and 
corticalization simultaneously (5, 6, 39). The membrane 
acts as a biological chamber, and contains epithelial-like 
cells in the inner part, and fibroblasts, myofibroblasts, 
and type I collagen bundles in the outer part (3, 6, 8). 
Many of the layers have a lot of vascularization, and its 
proper blood circulation is essential in enhanced repair 
of the bone defect (40, 41). Despite its thin structure, the 
membrane has a certain mechanical strength, and forms 
a closed biological chamber after removing the cement, 
which maintains the volume of bone graft and prevents 
ingrowth of soft-tissue (3, 6, 40, 42).

In the present study, these compounds were added 
one month after the first surgery giving the wound the 
opportunity to be disinfected. The materials were then 

Table 1. Modified Lane and Sandhu radiological scoring system

parameter Value score

Bone formation

No evidence of bone formation 0

Bone formation occupying 25% of the defect 1

Bone formation occupying 50% of the defect 2

Bone formation occupying 75% of the defect 3

Bone formation occupying 100% of the defect 4

Union (proximal and distal 
evaluated separately)

No union 0

Possible union 1

Radiographic union 2

Remodeling

No evidence of remodeling 0

Remodeling of medullary canal 1

Full remodeling of cortex 2

Total point possible per 
category

Bone formation 4

Proximal union 2

Distal union 2

Remodeling 2

Maximum score 10

inserted on the operative site during the second surgery.

Postoperative evaluations
After the surgery, the clinical behavior, ability to use 

forelimbs, pain, swelling and other physical activities 
were evaluated. Fourteen weeks after the first surgery, 
the rabbits were euthanized. For this purpose, they 
received intramuscular injection of xylazine 2% (2 mg/
kg) for premedication, anesthetized by intramuscular 
administration of 30 mg/kg ketamine 5% and 3 mg/
kg xylazine 2%. Then, they were euthanazied by intra-
cardiac injection of potassium chloride (KCl) (75-150 
mg/kg). The samples were prepared for histological, 
biomechanical, scanning electron microscope (SEM), and 
radiological evaluations. 

Radiological evaluation
Appropriate radiographs of each forelimb were taken at 

the 8th and 14th weeks after bone injury to evaluate bone 
formation, union, and remodeling of the defect. Each 
radiograph was scored according to the modified Lane 
and Sandhu scoring system [Table 1] (43).

Biomechanical evaluation
Following the cleaning of the bones’ soft tissues, they 

were wrapped in saline soaked gauze and frozen at 
-200C until testing. The samples were defrosted at room 
temperature before testing. The mechanical properties 
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of bones including yield load, stiffness, elastic stress, and 
ultimate strength were determined using a three-point 
bending test. The samples were located horizontally 
on two grips with 30 mm distance and on diaphysis’s 
midpoint, the third bar was lowered. The bones were 
loaded at a rate of 10mm/min  before they fractured. 
These tests were performed using a universal tensile 
testing machine (Instron, London, UK) and the load-
deformation curve was used to quantify aforementioned 
factors.

Histopathological evaluation
For microscopic examination, a transverse section 

containing one centimeter of both sides of the bone 
defect without any surrounding soft tissue was fixed 
in 10% neutral buffered formalin and decalcified in 
15% buffered nitric acid solution. The specimens were 
then dehydrated in serial alcohol dilutions, embedded 
in paraffin, sectioned at five µm thickness, and finally 
stained with hematoxylin and eosin (H&E) and Masson’s 
trichrome. Two pathologists blindly examined and 
scored the newly formed fibrous connective tissues, 
cartilage, and bone in the defect sites using Emery’s 
scoring system [Table 2] (44). Moreover, the number of 
fibroblast-fibrocyte, osteoblast-osteocyte, chondroblast-
chondrocyte, osteoclast, inflammatory cells, and osteons 
as well as the density of the fibrous connective tissue 
(FCT), osseous tissues (OT) and cartilaginous (CT) were 

recorded and analyzed.

SEM evaluation
To investigate the ultrastructure of bone healing in 

defect areas, SEM was done at 14th week post-operation. 
Initially, the representative samples were cut into one cm 
diameter, fixed in cold glutaraldehyde 2.5%, dehydrated 
in ascending graded sequence of ethanol (50 to 100%), 
and coated with gold covering. Factors such as degree 
of matrix calcification, collagen fibers and fibrils ,degree 
of matrix calcification, and hydroxyapatite crystals were 
examined by evaluating the high-qualified SEM images 
(S360, Cambridge, London, UK).

Statistical analysis
The quantitative results were represented as 

mean±SD  and analyzed using a one-way ANOVA 
followed by a Tukey’s post-hoc test. The Kruskal-Wallis H 
test, non-parametric ANOVA, and, if significant, the Mann 
Whitney U test were used to evaluate the scored values 
and biomechanical results. The scores between 8th week 
and 14th week were tested using paired T test. A P<0.05 
was considered as statistically significant. Statistical 
analyses were performed, using SPSS software, version 
24.0 (SPSS, Inc., Chicago, USA). 

Results
Radiological findings

The results obtained from radiographic evaluation of 
each group at the 8th and 14th weeks after bone injury 
have been presented in and [Table 3; Figure 1]. At the 
8th week, there was a significant difference between 
the groups (P=0.001). Lane and Sandhu’s score of 
MT-autograft-BMP7 group was higher than other 
groups. This superiority was seen at the 14th week 
too. At the 8th and 14th weeks, the MT-BMP7-PFG, MT-
autograft, MT-blank cavity groups and blank cavity 
group respectively had lower scores compared to MT-
autograft-BMP7. There was no significant difference 
between the groups in Lane and Sandhu’s score at the 
14th week after operation. At the 8th and 14th weeks, the 
Lane and Sandhu’s score of MT-autograft group was 
lower than the MT-autograft-BMP7 and MT-BMP7-PFG 
groups. There was a significant difference between 8th 
and 14th week in MT-Autograft-BMP7 group (P=0.008), 

Table 2. Emery’s scoring system using for Histopathological 
evaluation

Value score

gap was empty 0

gap was filled with fibrous connective tissue only 1

more fibrous tissue than fibrocartilage 2

more fibrocartilage than fibrous connective tissue 3

fibrocartilage only 4

more fibrocartilage than bone 5

more bone than fibrocartilage 6

filled only with bone 7

Table 3. Radiological findings at the 8th and 14th weeks post-operation (Median (min-max)).

Group/Value MT-blank cavity (1) blank cavity (2) MT-Autograft (3) MT-Autograft-BMP7 (4) MT-BMP7-PFG (5) Pa

8th week 4.25±1.66
4(2-6)

2.25±1.66
2(0-4)

5.12±2.16
5(2-8)

7±1.56
7.5(4-9)

5.3±1.82
5.5(3-8) 0.001

14th week 6.62±1.59
7(4-9)

5.62±2.38
5(3-9)

6.75±3.28
7.5(1-10)

8.6±1.5
9(6-10)

7.5±1.26
7(6-10) 0.06

a Kruskal-Wallis non-parametric ANOVA followed by Mannwhitney test post-hoc test. 8th week: P=0.02(2 vs. 3), P=0.007(2 vs. 5), P=0.005(4 vs. 1), 
P=0.001(4 vs. 2), P=0.05 (4 vs. 3), P=0.04(4 vs. 5). Pair T test between 8th week and 14th week in each group: P=0.12(group 1), P= 0.02 (group 2), 
P=0.15(group 3), P=0.008(group 4), P= 0.01(group 5).
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MT-BMP7-PFG group (P=0.01) and blank cavity group 
(P=0.02).

Biomechanical findings
As shown in, the ultimate load in the MT-autograft-BMP7 

group was higher than that of the other groups, but, the 
differences were not significant (P=0.69) [Table 4]. The 
Yield load in the MT-BMP7-PFG was greater than the MT-
autograft-BMP7, blank cavity, MT-autograft and MT-blank 
cavity groups, respectively, but, the differences were not 
significant (P=0.88). The stress in the MT-blank cavity 
group was higher than blank cavity, MT-BMP7-PFG, MT-
autograft and MT-autograft-BMP7 groups, respectively, 
but, there was no significant difference between them 
(P=0.44). The stiffness in the blank cavity group was 
higher than the MT-autograft-BMP7, MT-BMP7-PFG, 
MT-blank cavity and MT-autograft groups, respectively, 
but, there was no significant difference between them 
(P=0.31). 

Histopathological findings
Qualitative report

Microscopically, the least amount of new bone 
formation, fibrous connective tissue with a few newly 
formed hyaline cartilage foci were observed in the defect 
sites of the blank cavity and MT-blank cavity groups. 
In the MT-autograft and MT-autograft-BMP7 groups, a 
nonhomogeneous mixed matrix of fibrocartilage tissue, 
hyaline cartilage, and woven bone replaced  the defect 
sites. In the MT-BMP7-PFG group, new bone formation 
was notable in the defect sites. The radial bone edges 
were regenerated towards the center of the defect sites 
by hyaline and fibrous cartilage. The middle part of the 
defect area was filled with the newly woven bone. Also, 
these histopathological changes were observed in the 
Masson’s trichrome stained tissue sections [Figure 2]. No 
marked inflammatory response was evident in all groups 
at the 14th week after injury, although it may have been 
present earlier.

Quantitative report
In histomorphometric analysis, the MT-blank cavity 

group had the highest numbers of fibroblast-fibrocyte 
and the lowest osteoblast-osteocyte cells [Table 5].

The MT-BMP7-PFG group demonstrated higher 
osteoblast-osteocyte cells compared with the MT-blank 
cavity group (P=0.03) and blank cavity group (P=0.03). 
There were no statistically significant differences 

Figure 1. Radiographs of bone healing in the defected area of 
different groups at 8th and 14th weeks postoperative.

Table 4. Biomechanical performance of the healing radial bone defects from the three-point bending test at the 14th post-operative week 
(Mean±SD)

Group/biomechanical performance MT-blank cavity Blank cavity MT-Autograft MT-Autograft-BMP7 MT-BMP7-PFG pa

Ultimate load (N) 69.75±16.62 69±19.36 62.37±30.58 85.4±28.49 64.6±24.95 0.69

Yield load (N) 43.75±30.83 53.7±32.9 44.5±32.7 59.4±39.44 61.1±22.73 0.88

Stress (N/mm2) 4.24±1.48 2.69±2.23 2.58±0.62 2.33±0.89 2.59±1.57 0.44

Stiffness (N/mm) 4.4±3.43 7.09±2.98 3.30±0.82 5.08±3.77 4.59±2.16 0.31
a Kruskal-Wallis non-parametric ANOVA.

between the MT-autograft and the other groups in 
all analyzed parameters, aside from the number of 
osteoclasts that were superior in the MT-autograft-
BMP7 group (P=0.014). The MT-BMP7-PFG group had 
significantly lower number of osteoclasts compared with 
the MT-autograft-BMP7 group (P=0.009), at this stage 
of bone healing. In addition, there were no significant 
differences between all groups in fibroblast-fibrocyte 
cells (P=0.40), osteons (P=0.33) and inflammatory cell 
counts (P=0.09). No statistically significant differences 
were seen between the blank cavity group and the other 
groups in all analyzed parameters, with the exception of 
the number of osteoclasts which were superior in the 
MT-autograft-BMP7 group (P=0.008) and the number of 
chondroblast-chondrocytes that were higher in the blank 
cavity group compared to MT-BMP7-PFG group (P=0.03). 
There were no statistically significant differences 
between the MT-blank cavity group and the other 
groups in all parameters analyzed, with the exception 
of the number of osteoclasts which were superior in the 
MT-autograft-BMP7 group (P=0.008) and the superior 
number of osteoblast-osteocytes in the MT-BMP7-PFG 
group (P=0.03).
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Figure 2. Histological views of the longitudinal sections of the radial bone defects in rabbits after 14 weeks of injury. The defect areas of all 
rabbits contained various content of fibrous connective tissue, fibrocartilage and hyaline cartilage tissue and new bone tissue. The defect 
sites of the MT-autograft and MT-Autograft-BMP7 groups were replaced by a nonhomogeneous mixed matrix consisted of fibrocartilage, 
hyaline cartilage, and woven bone tissues. The blank cavity and the MT- blank cavity groups contained the least amount of new bone and 
often were filled with a mixture of fibrous connective tissue and cartilage. New bone formation was considerable in the defect sites of the MT-
BMP-PFG group. Abbreviations: LACT: Loose areolar connective tissue; FCT: Fibrous connective tissue; CT: Connective tissue; CCT: Calcified 
cartilaginous tissue; BM: Bone marrow; HC: Hyaline cartilage; PO: primary osteon; WB: Woven bone; DCT: Dense connective tissue. 

Table 5. Histomorphometric characteristics of the healed bone defects at the 14th post-operation weeks (Mean±SD) (Median (Min-Max)).

Group/Factor MT-Blank 
cavity (1) Blank cavity (2) MT-Autograft (3) MT-Autograft-BMP7 (4) MT-BMP7-PFG (5) Pd

Fibroblast -fibrocyte 
(n)

16.62±24.46
1.5(5-62)

5.62±14.8
0(0-60)

15.06±24.64
1(0-70)

7.44±9.72
4.5(0-34)

8.75±18.53
0(0-57) 0.40

Chondroblast 
-chondrocyte(n)

6.69±11.04
0(0-32)

21.75±25.21
11(0-70)

12.06±15.59
4.5(0-55)

14.38±24.15
2.5(0-78)

2.75±6.47a

0(0-25) 0.041

Osteoblast - osteocyte 
(n)

22.88±13.14
22(0-50)

24.25±7.47
24(5-34)

27.19±16.64
24(0-56)

27.06±21.69
28(0-64)

39.12±15.42b

38(13-63) 0.03

Osteoclast (n) 0 0 0.56±1.78
0(0-7)

9.69±17.64c

0(0-47)
0.12±0.5

0(0-2) 0.002

Osteon (n) 0 0.6±0.25
0(0-1)

0.12±0.34
0(0-1)

0.25±0.77
0(0-3)

0.38±0.88
0(0-3) 0.33

Inflammatory cells (n) 0 0.56±1.54
0(0-5) 0 0 3±8

0(0-30) 0.09

Density of OT (%) 49.5±24.2
39(14-81.2)

42.7±27.94
35.3(19.2-73.6)

69.8±10.01
69.8(62.6-77)

52.67±18.75
51.05(34.7-73.9)

58±15.04
59.1(42-79.1) 0.66

Density of FCT (%) 0 0 0 10.64±1.23
4(0-28)

1.4±3.13
0(0-7) 0.13

Density of CT (%) 0 0 18.65±26.37
18.65(0-37.3)

22.85±24.6
22(0-60)

22.72±14.24
26.2(0-35.4) 0.16

dOne-way ANOVA followed by Tukey post-hoc test. a P=0.03(5 vs. 2); b P=0.03 (5 vs. 1); c P= 0.014 (4 vs. 3) .P= 0.009 (4 vs. 5), P= 0.008 (4 vs. 2), and 
P=0.008 (4 vs. 1).
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In MT-autograft, the density of osseous tissue (OT) 
was higher than the other groups (P=0.66), while there 
was no significant difference among the groups. The 
MT-autograft-BMP7 group showed higher density of the 
fibrocartilaginous tissue (FCT) than the other groups 
(P=0.13). Although the cartilage density (CT) in the 
MT-autograft-BMP7 group was highest, there was no 
significant difference between the groups (P=0.16). The 
MT-BMP7-PFG and MT-autograft groups were ranked as 
the 2nd and 3rd groups.

The histopathological scores (Emery’s score) of all 
groups showed no significant difference (P=0.17) at 14 
weeks after the surgery [Table 6]. In addition, at week 14, 
when the histopathological scores of the MT-autograft 
group were compared to each other, no significant 
differences were found (P=0.17) but its score was higher 
than the blank cavity and the MT-blank cavity groups 
was lower than the MT-autograft-BMP7 and MT-BMP7-

Table 6. Histopathological scores for healing of the bone defects after 14 weeks of injury (Mean±SD) (Median (Min-Max)).

MT- Blank cavity Blank cavity MT-Autograft MT-Autograft-BMP7 MT-BMP7-PFG Pa

Emery’s score 2.75±3.2
2.5(0-6)

4.25±2.98
5(0-7)

6±0.81
6(5-7)

6.25±0.5
6(6-7)

6.25±0.95
6.5(5-7) 0.17

a Kruskal-Wallis non-parametric ANOVA.

PFG groups. Emery’s score in group MT-blank cavity was 
lowest among all the groups. 

SEM findings
After 14 weeks of bone injury, in the MT-autograft-

BMP7 group, a hard callus and cartilaginous matrix with 
various degrees of calcification and enormous amounts 
of hydroxyapatite crystals filled the defect. The defect in 
the MT-autograft group was replaced with fibrocartilage 
tissue with high calcified matrix. In some areas, a loose 
connective tissue consisting of immature collagen fibrils 
filled the defect that was oriented irregularly with no 
hydroxyapatite crystals. A highly calcified bone matrix 
and hard callus filled the defect site in the MT-BMP7-PFG 
group. Irregular and regular collagen fibers filled the 
defects in blank cavity group. Low density of collagen 
fibers was seen in MT-blank cavity group. There are three 
pictures for each group in [Figure 3]. 

Figure 3. Scanning ultramicrographs of the radial bone defects at the 14th week after bone injury. I: Low density of collagen fibers was seen in 
the MT-blank cavity group. II: Irregular and regular collagen fibers filled the defects in the blank group. III: The defects in the MT-autograft 
group were replaced with fibrocartilage tissue with high calcified matrix and in some areas with a loose areolar connective tissue. IV: The 
defects were filled with hard callus and cartilaginous matrix containing various low to high degrees of calcification. Large amounts of 
hydroxyapatite crystals were seen in the defect sites of MT-Autograft-BMP group. V: A highly calcified bone matrix and hard callus filled the 
defect site in the MT-BMP7-PFG group. Abbreviations: CF: Collagen fibrils; CT: Connective tissue; HCM: Highly calcified matrix; HC: Haversian 
canal; L: Lacuna; FCT: Fibrocartilaginous tissue; LCM: Low calcified matrix
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Discussion
Healing of major traumatic bone loss is a major challenge 

in orthopedic issue due to the risk of infection, long-term 
healing, and poor long-term clinical results (9, 45, 46). 
Bone defect etiology can be multifactorial, including 
acute bone loss, bone debridement after infection, non-
union or avascular bone secondary to prior radiotherapy 
and tumor excision (47). Surgical reconstruction of 
segmental skeletal defects that may result from great 
trauma after debridement of osteomyelitis or tumor 
resection is one of the hardest problems in orthopedic 
surgery. Many options are available to manage such 
problems with varying degrees of success and failure 
(48-50). Masquelet et al. (5) ) identified a technique 
that allows soft tissue regeneration, reduces the risk of 
infection, and avoids graft resorption (51).

To evaluate the bone healing potential of autograft, 
PFG, BMP7, and their combinations as well as Masquelet 
technique, a defect model was developed in rabbit radial 
bone. The segmental defect was created in the middle 
part of the radius approximately 20 mm in order to cause 
a non-union defect as a critical size defect and to avoid 
spontaneous and quick healing. 

Different segmental bone defect from 5mm to more 
than 20 mm has been used by the researchers. Also, there 
are different ideas about the gap as a critical size for the 
bone (52-58). In our opinion, preferably 15 mm gap for 
the rats and 15 mm or more for the rabbits are suitable.

More weight-bearing is on the hind limbs in rabbits. 
The fore limbs also bear weight. Especially the rabbits 
use their hands for feeding. Radius has been used for 
fracture healing in different studies (59-69). Actually the 
ulna supports the radius, so, no need for extra fixation of 
radius. The fixation (any technique) has some effects and 
interferes on healing process. We didn’t use fixation for 
the radius in this study, but, the undue effects of fixation 
technique has been removed.

The theory was based on the fact that both BMP7 and 
PFG may have some positive effects on bone healing and 
Masquelet facilitates bone healing.

No statistically significant differences was seen in 
histomorphometry between the blank cavity group and 
the other groups for any of the analyzed parameters, 
with the exception of the number of osteoclasts that was 
higher in the MT-autograft-BMP7 group (P=0.008) and the 
number of chondroblast-chondrocytes that was higher in 
the blank cavity group compared to MT-BMP7-PFG group 
(P=0.03). Therefore, it seems the Masquelet technique 
enhances the healing processes. Advanced stages of bone 
healing were evident in groups with Masquelet technique 
while the chondrocytes in the defect field were converted 
into osteoblasts. Compared to many of the previously 
published investigations that used Masquelet technique 
with autograft, we used this technique with autograft and 
other biological materials (40, 41). 

The Masquelet technique was used in limitary and 
was mostly reported as case reports, but, although it is 
time-consuming in large defects, we found that it can be 
done routinely if it is costly. Combination of Masquelet 
technique with using other biological materials has 
not been tried in other studies. In other studies bone 

biological materials have been added to the operative site 
in first surgery. In the present study, these compounds 
were added one month after the first surgery and this 
makes it possible for the wound to have a chance to be 
disinfected and then the materials can be inserted on the 
operative site during second surgery.

Limited studies have been done on the Masquelet 
technique in animal models. A study on mid-diaphyseal 
metatarsal bone defects (25 mm) of sheep with plate 
and PMMA (for first step) and morcellized autologous 
corticocancellous graft and external coaptation for 
6 months (for second step) resulted in proper bone 
formation (40). Another study on diaphyseal femoral 
defects (3 cm) of sheep showed that after 16 weeks, the 
group with induced membrane and graft was filled with 
the new bone tissue compared with the graft, induced 
membrane and no graft-no induced membrane group 
(41). Another study performed on rabbits showed that 
after implantation of ceramic implants and loading with 
BMP7 in heterotopic sites like in a subcutaneous and 
in a membrane previously subcutaneously induced, 
no bone formation was seen at 4 and 16 weeks groups 
with untreated implants. However, less bone formation 
and resorption (80%) was seen when the implants were 
placed in an induced membrane (70). Miniplate and 
PMMA implanted after segmental osteotomy of mandible 
in rabbits (first step) and triphasic calcium phosphate 
and cancellous autograft hydroxyapatite (second step), 
demonstrated that VEGF was positive in the induced 
membranes and higher number of capillaries were 
formed at one, three, and six months post-operation 
(71). These trials were performed in situations similar to 
our study on experimentally induced bone defect in the 
rabbit model.

Histomorphometry showed no statistically significant 
differences between the MT-blank cavity and other 
groups for any of the parameters analyzed in any of the 
areas of interest; however, the number of osteoclasts 
was higher in the MT-autograft-BMP7 group (P=0.008) 
and the number of osteoblast-osteocytes was higher 
in the MT-BMP7-PFG group (P=0.03). Therefore, the 
presence of biological materials resulted in enhanced 
bone healing. The results of the radiological, histological, 
biomechanical analysis and SEM evaluation showed that 
regardless of the MT-autograft group, the best results 
were gained from the PFG-BMP7 treated defects followed 
by autograft-BMP7 treated ones. Healing of the MT-blank 
cavity group was associated with slight dominance to 
the blank cavity group but the difference between them 
was not significant. Really, the healing process in the MT-
blank cavity group stayed in the early stages and fibrous 
connective tissue was the main constituent in this group, 
while, healing was more advanced in the MT-BMP7-PFG, 
MT-autograft-BMP7 and MT-autograft groups and some 
signs of cartilage formation was seen in the blank cavity 
group. Also, these changes were seen in radiological 
results at the 8th week.

A comprehensive history in the literature has proposed 
the application of BMP7 as an admitted biomaterial in 
bone tissue engineering in different animal models (52, 
72-75). However, there are a lot of controversies in the 



BMP7, PFG AND AUTOGRAFT WITH THE MASQUELET TECHNIQUE ON 
THE HEALING OF BONE DEFECT IN RABBITS

THE ARCHIVES OF BONE AND JOINT SURGERY.    ABJS.MUMS.AC.IR
VOLUME 9. NUMBER 5. SEPTEMBER 2021

)593(

application of BMPs in the healing of different bone 
defects and non-unions (76). Here we showed that BMP7 
combined with autograft and PFG has a positive role in 
bone regeneration in vivo. Also, it has been shown that 
BMP7 has similar effects on intact control group (52).

It has been shown that rhBMP7 is as effective as 
autograft ,when used with intramedullary rod fixation, 
in treatment of tibial nonunion and in femoral fracture 
nonunions (19, 47). Since angiogenesis and penetration 
of vascular endothelial cells into the soft callus is 
stimulated by proangiogenic factors such as VEGF, BMPs, 
TGF-β, FGF, and angiopoietins BMPs play a main role in 
bone healing (77, 78). Our results showed that BMP7 
was more effective than autograft in treatment of radial 
defect in rabbits. In another study on 395 patients with 
nonunion, the success rate of using a single application 
of 3.5 mg rhBMP7 with proper surgical fixation was 
up to 82% and no complications was reported after 
application of rhBMP7 (47, 79). Compared with the 
MT-blank cavity group and the blank cavity group with 
spontaneous healing process, the PFG-BMP7, BMP7-
autograft and autograft treated groups had higher bone 
and cartilaginous cells than the other groups and the 
healing was more advanced, in the initial steps of bone 
healing. 

In line with our findings, a massive background in the 
literature has proposed PFG to be applied as an suitable 
biomaterial in bone tissue engineering (29, 32, 33). 
This study was performed to give more insight on the 
effect of BMP7 combination with autograft and PFG on 
bone regeneration by Masquelet technique. The results 
of the present research confirmed a variety of clinical 
and laboratory trials and demonstrated the positive 
effect of PFG in bone substitute materials on bone 
healing (34, 80-82). 

However, in some other researches, the graft materials 
did not increase bone healing when completed with 
the platelet derived products (83-85). In our study, the 
PFG-BMP7 and autograft-BMP7 treated groups had 
higher cartilaginous and bone cells and these treatment 
regimens resulted in more advanced bone healing and 
were as good as the MT-autograft group and they were 
also better in some criteria than the MT-autograft group. 
In addition to other results, we could state that PFG-
BMP7 and Autograft-BMP7 have some osteoinductive 
properties because some signs of new bone formation 
were seen after 14 weeks of injury in both groups. New 
bone formation was not limited to both defect edges and 
bone formation was induced in the middle of the defect 
area with these components and thus, they displayed 
high osteoconductive properties.

While in most cases the differences were not significant, 
the new bone formation and the volume of bone tissue 
present in the defect sites of the MT-BMP7-PFG and MT-
BMP7-autograft groups were more than the MT-autograft 
group and were higher than that in the MT-blank cavity 
and the blank cavity groups. Based on the histological 
results, the volume of bone tissue in the MT-autograft 
group, MT-BMP7-PFG and MT-autograft-BMP7 was 
higher than other groups. The MT-blank cavity group and 
the blank cavity group had lower volume of bone tissue. 

The highest volume of chondral tissue was seen in the MT-
BMP7-autograft, MT-BMP7-PFG and MT-autograft group, 
respectively. The MT-autograft-BMP7 group had lower 
bone tissue but higher chondral tissue and connective 
tissue than the MT-BMP7-PFG group. Based on these 
results, this group was in initial stage of bone healing 
as the cartilage tissue can be converted to bone and the 
defect can be filled completely later. The MT-BMP7-PFG 
group had lower bone and higher fibrous connective 
tissue volume and chondral tissue than the MT-autograft 
group. It seems that these cartilagineous tissues can be 
converted to bone tissue in near future. The density of the 
fibrous connective tissue in the MT-autograft-BMP7 was 
more than the MT-BMP7-PFG group. This factor in MT-
BMP7-PFG group is higher than MT-autograft group. The 
volume of healing tissue in these groups is considerable.

Osteoclasts are the main cells involved in resorption 
of the calcified bone. As several growth factors and 
cytokines such as BMPs, ILs, TNF-α and TGF-β promote 
osteoclastogenesis (86). The number of osteoclasts in the 
MT-autograft-BMP7 group was significantly higher than 
other groups in our study. The number of osteoblast-
osteocyte in the MT-BMP7-PFG group was significantly 
higher than the MT-blank cavity group. Some studies 
have pointed out that the proliferation of fibroblasts and 
chondrocytes is particularly due to TGF-β, FGF, PDGF, 
IGF and BMP growth factors (77, 78, 87, 88), while in 
our study, we showed that the MT-BMP7-PFG group had 
the least chondroblast-chondrocyte cells. chondroblast-
chondrocytes were significantly superior in the blank 
cavity group compared with the MT-BMP7-PFG group. 
Therefore in histopathology sections of MT-BMP7-PFG 
group, chondroblast- chondrocytes were converted to 
osteoblast-osteocyte cells and MT-BMP7-PFG group was 
at a more advanced stage in bone repair. The percentage 
of OT in MT-BMP7-PFG group was higher than the blank 
cavity group and confirms the above description.  

The difference between the histology scoring results 
and cell counting is perhaps due to the differences 
in the sections selected. In this study, the number of 
inflammatory cells was low because of the presence 
of induced membrane. The membrane has several 
advantages, for example, it prevented bleeding while it 
is debrided out of the wound, and saved the graft. The 
membrane serves both a mechanical (containment of 
the bone graft) and a biological function (promotion of 
both angiogenesis and osteogenesis through secretion of 
growth factors).

In this study, because of the use of Masquelet 
technique the healing process was more rapid. The 
induced membrane prevents bone graft resorption 
by providing growth and vascularization factors and 
preventing soft tissue interposition. It secretes vascular 
and osteoinductive factors and acts as a barrier for 
outward diffusion of growth and osteoinductive factors 
during bone healing and avoids excessive bleeding 
(6, 39). It also helps to avoid early resorption of the 
graft and simultaneously promotes its vascularity and 
corticalization (5). The membrane acts as a biological 
shiny chamber, and consists of epithelial-like cells in 
inner part and myofibroblasts, fibroblasts and type I 
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