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Masquelet induced membrane technique
for treatment of rat chronic osteomyelitis
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Abstract. The application value of Masquelet induced
membrane technique for the treatment of rat chronic osteomy-
elitis was explored. A total of 180 male Sprague-Dawley (SD)
rats were randomly divided into sham operation group (control
group), chronic osteomyelitis model group (model group) and
Masquelet induced membrane therapy + chronic osteomyelitis
model group (observation group); 60 rats in each group. A
rat model of traumatic osteomyelitis was established using a
modified blunt trauma method in model and observation group.
All rats in observation group were treated with membrane
induction technology while in the control group they were not.
Postoperative complications, bone healing time and functional
status of the affected limbs were recorded. After surgery, no
obvious perioperative complications occurred in most of the
rats, except that 5 rats experienced partial necrosis at the edge
of the flap, and 3 experienced superficial infection around the
incision site in the ilium. Primary bone healing was achieved
in 50 rats with an average healing time of 15 weeks. Among
them, 38 rats restored weight-bearing function after 20 weeks.
Seven rats experienced infection after surgery, but complete
bone healing was achieved after treatment with induced
membrane technique again. Following treatment with induced
membrane technique, the rat body weight, body temperature
and the number of bacteria in the wound decreased over time.
In conclusion, Masquelet induced membrane technique is
effective for the treatment of large bone defects in rats after
traumatic osteomyelitis. This technique significantly shortens
the treatment cycle. The surgical procedure is simple, and the
incidence of postoperative complications is low.
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Introduction

Chronic osteomyelitis is a common surgical disease that can
be divided into three categories: spread of local infection
due to incomplete debridement of an infected open wound,
chronic inflammation developed from acute osteomyelitis,
and iatrogenic infection (1,2). Pathogenic bacteria can develop
drug resistance due to long-term use of antibiotics for serious
local injuries, resulting in delayed healing (3). The treatment of
chronic osteomyelitis is difficult and the procedure is complex.
Control of infection and repair of bone defects are main focuses
of the treatment of chronic osteomyelitis. Inappropriate treat-
ments often lead to recurrent local inflammation and serious
complications such as muscle atrophy or even amputation (4).
Traditional treatment methods, such as bone graft surgery,
are more effective in patients with small bone defects than in
patients with large bone defects such as femoral and tibia defects
due to limited resources of donor bone (5-7). Skeletal traction is
commonly used for the treatment of large bone defects in clinic.
However, the operation procedure is complicated and multiple
complications may occur (8). Induced membrane technique is a
new and popular treatment method that has been reported to be
commonly used for the treatment of large bone defects in clinic.
Induced membrane technique is a 2-step procedure: formation
of a membrane at the site of bone loss induced by putting a tran-
sitory poly(methyl methacrylate) spacer, and integration therein
of autologous cancellous bone graft collected from other parts
of the patient's body. The procedure is simple and efficacy is
high (9,10). The treatment with induced membrane technique
focuses on two key aspects: control of infection in the bone
defects and reconstruction of the damaged bone (11). A study
found that membrane induction technology in the treatment
of chronic osteomyelitis in rabbits can reduce the incidence of
infection and inflammatory cell concentrations (12). Membrane
induction technology for the treatment of patients with clinical
chronic osteomyelitis can shorten bone healing time and reduce
the incidence of postoperative complications (13). At present,
studies on the treatment of chronic osteomyelitis with induced
membrane technique mainly focus on therapeutic efficacy. There
is no study on animal models which may facilitate an in-depth
investigation. In this study, the induced membrane technique
was used to treat rats with chronic osteomyelitis. Treatment
efficacy and changes of clinical indications were recorded. The
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application value of membrane induction technology was evalu-
ated using indexes including serum leukocyte count, C-reactive
protein (CRP) and tumor necrosis factor-a (TNF-a). Our study
provided reference for the treatment of chronic osteomyelitis
with induced membrane technique.

Materials and methods

Animals. A total of 180 healthy male Sprague-Dawley (SD) rats,
weighing 190-220 g, were purchased from Beyotime Institute
of Biotechnology (Shanghai, China) and fed under standard
conditions. The rats were randomly divided into sham operation
group (control group), chronic osteomyelitis model group (model
group) and Masquelet induced membrane therapy + chronic
osteomyelitis model group (observation group); 60 rats in each
group. A rat model of traumatic osteomyelitis was established
using a modified blunt trauma method in model and observation
group. All rats in observation group were treated with membrane
induction technology, while those in control group were not.
The present study was approved by the Ethics Committee of the
Cangzhou Central Hospital (Cangzhou, China).

Establishment of osteomyelitis model. A rat traumatic osteo-
myelitis model was established using a modified rat blunt
trauma method (12). SD rats were fed for 1 week under stan-
dard conditions. Rats were fasted for 12 h and subperitoneal
anesthesia was performed with 10% chloral hydrate at a dose
of 10 mg/100 g. Rats were then fixed on the operation table.
Operation area was shaved and disinfected and a 7-gauge
needle was inserted into the bone marrow cavity from the
anterior middle. Sodium morrhuate (0.1 ml of 5%), 0.3 ml of
Staphylococcus aureus suspension and 0.3 ml of normal saline
were injected through the needle. After 2 weeks, local swelling
and pus were observed. X-ray scanning was performed to show
periosteal proliferation, cortical thickening and formation of
sequestrum in the long bone.

Treatment with induced membrane technique. Treatment with
induced membrane technique was performed in 2 steps and
all rats were under general anesthesia. In the first step, radical
debridement was performed and implantation of antibiotics and
bone cement was performed. Briefly, debridement was performed
to expose normal cortical bone interface. Bone defect was fixed
using intramedullary nails. Vancomycin and PMMA bone
cement was mixed at a ratio of 1:20 and put into bone defect to
connect both ends. Then the incision was closed. If inflammation
occurred within 6-8 weeks the first step was repeated. In step 2,
bone defect was reconstructed by cancellous bone grafting.
Briefly, an incision was made to expose the induced membrane
formed around the defect. Membrane was cut longitudinally and
then bone cement was removed carefully. The defect was filled
with morselized cancellous bone graft. The incision was closed,
washed with saline and disinfected with iodophor.

Observed indicators. After the rat model was established, the
following indicators were observed or measured: the levels of
wound swelling and pus formation, the rat body temperature
recorded at 10:00 a.m. daily from day 1 to day 8 after surgery,
the rat body weight recorded on the day of surgery as well as
day 7 and day 14 after surgery, and the number of bacteria in the
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Table I. Treatment of the complications of chronic osteomy-
elitis in rats with induced membrane technique.

Complication type No. of cases (%)

Partial necrosis at edge of the flap 5(8.33)
Superficial infection around the incision 3(5.00)
site in the ilium

No complications 52 (86.67)

Table II. Outcomes of the treatment of chronic osteomyelitis in
rats with induced membrane technique.

Cases (%) or
Treatment outcomes mean + SD
Primary bone healing 50 (83.33)
Healing time (weeks) 15+1.56
Restoration of weight-bearing function 38 (63.33)
Time for restoration of weight-bearing 20+1.80
function (weeks)
Postoperative infection 7 (11.67)

wound. Blood was collected from tail blood to prepare serum.
Serum TNF-o was detected using an ELISA kit (Shanghai
Fanke Biotechnology Co., Ltd., Shanghai, China). White blood
cells were counted using a blood cell analyzer (MEK-822K)
(Nihon Kohden, Tokyo, Japan), and CRP level was measured
using an automatic biochemical analyzer (Hitachi, Ltd., Tokyo,
Japan) (14).

Statistical analysis. SPSS 13.0 software (SPSS, Inc., Chicago,
IL, USA) was used for the statistical analyses of the data.
Data were presented as mean + SD. Quantitative data were
processed using analysis of variance or t-test. SNK-q test was
used for pairwise comparison. Spearman's correlation analysis
was used to determine the correlation between body tempera-
ture and days after treatment. All P-values represent bilateral
probability, and the level of significance a is 0.05.

Results

Basic information of rat. The 180 rats were divided into
3 groups and each group included 10 cases of tibia frac-
ture, femoral fracture, humerus fracture, ulnar and radial
fractures, diaphysis fracture and metaphyseal fracture,
respectively. The average age of rats in the three groups
was 8.20+0.35, 8.25+0.45 and 8.61+0.51 weeks, respectively
(P>0.05), and the average body weight was 210.51+10.62,
209+9.89 and 211.52+11.01 g, respectively (P>0.05).

Complications of induced membrane technique. In observa-
tion group, 5 (8.33%) rats developed flap marginal necrosis,
and 3 (5.00%) rats developed superficial infection of patella.
In model group, 14 (23.33%) rats had flap marginal necrosis,
and 12 (20.00%) rats showed superficial infection of patella.
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Table III. Number of bacteria in the surgical wound before and after treatment with induced membrane technique (n/mm?,

mean + SD).
After treatment
Before
Indicator treatment Day 1 Day 3 Day 5 Day 7
Bacteria count 20,618.71£865.25 1,120.63+121.28 218.51£30.16 50.44+11.92 10.28+1.26
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Figure 1. Body temperature changes of rat models in three groups. The rat
body temperatures from day 1 to day 8 post-treatment are shown. The body
temperature decrease was correlated with the number of days after treatment
(r=0.976,P<0.001). As the treatment time increased, the rats gradually returned
to normal body temperature. There was no significant correlation between the
body temperature and treatment days in the control and model group (r=0.098,
P>0.05). At day 7 after treatment, the body temperature of the rats in the
observation group was lower than that in the model group (P<0.05). "P<0.05,
compared with the control group. “P<0.05, compared with the model group.

Significant differences were found between the two groups
(P<0.05) (Table I).

Outcomes of treatment with induced membrane technique.
Primary bone healing was achieved in 50 (83.33%) rats with
an average healing time of 15+1.56 weeks. Among them, 38
(76%) rats restored weight-bearing function after 20 weeks.
Seven (11.67%) rats experienced infection after surgery, but
complete bone healing was achieved after treatment with
induced membrane technique again (Table II). Number of
bacteria in the surgical wound before and after treatment with
induced membrane technique was shown in (Table III).

Rat body temperature and weight after treatment with induced
membrane technique. The body temperature of rats from day 1
to day 8 after surgery was compared among the three groups.
The body temperature of rats in the observation group gradually
decreased. The decrease in body temperature was correlated
with the number of days after treatment (r=0.976, P<0.001).
With the increase of treatment time normal body temperature
gradually returned. There was no significant difference in body
temperature and treatment time between the control and model
group (r=0.098, P>0.05). On the 7th day after surgery, the body
temperature in observation group was lower than that in model
group (P<0.05) (Fig. 1). On the Ist, 7th and 14th day after the
application of membrane induction technique, the body weight
of rats in the observation and model group gradually decreased
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Figure 2. Body weight changes of rat models in three groups. The body
weights at day 0, 7 and 14 post-treatment are shown. Body weights decreased
gradually in observation and model group (F=8.916, P=0.005; F=12.021,
P<0.001). There was no significant change in body weight in the control
group (P>0.05). On the 14th day, the body weight of rats in the observation
group was higher than that in the model group (P<0.05), and the weight in
the control group was higher than that in the observation group (P<0.05).
“P<0.05, compared with the control group. “P<0.05, compared with the
model group.

(F=8.916, P=0.005; F=12.021, P<0.001). There was no signifi-
cant change in body weight in control group (P>0.05). On the
14th day, the weight of the rats in the observation group was
higher than that of the rats in the model group (P<0.05), and
the weight of the rats in control group was higher than that in
observation group (P<0.05) (Fig. 2).

Changes of serum WBC, TNF-a and CRP levels in rats at
different time-points. During the whole course of treatment,
serum WBC, TNF-a and CRP levels in the model group were
significantly higher than those in control group (P<0.05).
Compared with those in model group, WBC, TNF-a and CRP
levels in observation group significantly decreased after treat-
ment (P<0.05) (Figs. 3-5).

Discussion

Chronic osteomyelitis, as a major challenge to orthopedic
surgery, is hard to treat (15). Staphylococcus aureus is the most
common pathogen found in chronic osteomyelitis. Radical
debridement by surgery is a crucial step where particular
attention should be paid because large bone defects are created
following radical debridement (16). Therefore, reconstruction
of bone defects is another key challenge in treating chronic
osteomyelitis. Concentration of antibiotics under systemic
medication is too low to effectively kill bacteria at chronic
osteomyelitis lesion due to poor local blood circulation (17).
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Figure 3. Comparison of serum WBC levels (10%1) at different time-points
in rats. Compared with that in the control group, the serum WBC in the
model group increased significantly (P<0.05), and the WBC content in the
observation group decreased significantly after treatment compared with the
model group (P<0.05). ‘P<0.05, compared with the control group. “P<0.05,
compared with model group.
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Figure 4. Comparison of serum TNF-a levels (ng/l) at different time-points
in rats. Compared with that in the control group, the serum TNF-a in the
model group increased significantly (P<0.05), and the TNF-a content in the
observation group decreased significantly after treatment compared with
that in the model group (P<0.05). "P<0.05, compared with the control group.
"P<0.05, compared with the model group. TNF-a., tumor necrosis factor-a.

Traditional treatment methods, such as open bone grafting,
vacuum sealing drainage and antibiotic irrigation-perfusion,
have a series of issues including complicated procedures,
poor treatment outcomes, resulting in more complications,
prolonged treatment time, and poor patient acceptance (18-21).

Induced membrane technique was first described by
Masquelet in treatment of chronic osteomyelitis (5). The treat-
ment process consists of two relatively independent surgical
stages: the first step includes debridement and implantation of
antibiotic bone cement in the bone defect; in the second step,
membrane structure formation induction in the bone defect and
bone reconstruction by autologous cancellous bone grafting
are performed. In the first step, antibiotics and bone cement are
mixed. After application, the antibiotics are gradually released
to increase local drug concentration in chronic osteomyelitis
lesions and thereby enhancing the treatment efficacy. Bone
cement protects the damaged bone tissue, thereby reducing the
risk of a bone fracture following radical debridement. In addition,
self-solidification of antibiotic bone cement in the body allows
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Figure 5. Comparison of serum CRP levels (mg/dl) at different time-points in
rats. Compared with that in the control group, the serum CRP in the model
group increased significantly (P<0.05), and the CRP content in the observa-
tion group decreased significantly after treatment compared with that in the
model group (P<0.05). "P<0.05, compared with the control group. “P<0.05,
compared with the model group. CRP, C-reactive protein.

for high local drug concentration around bone defects. Induced
membrane technique can be used to treat chronic osteomyelitis
resulted from a variety of causes, due to the simple surgical
procedures and satisfactory clinical efficacy. Various studies on
clinical treatment of osteomyelitis using induced membrane tech-
nique have been reported and satisfactory outcomes have been
observed (22,23). Pelissier et al (22) used the induced membrane
technique in rabbits to study the expression of various cytokines
in the process of bone formation. Aho er al (23) performed
membrane induction surgery on patients, and analyzed the
components of induced membrane under different conditions.

In this study, traumatic osteomyelitis rat models were
established and treatment with induced membrane technique
was performed. Results showed that 50 of 60 rats achieved
primary bone healing with a healing time of only 15 weeks,
and 38 rats restored weight-bearing function. Seven rats expe-
rienced infection after surgery probably due to incomplete
debridement in the first stage, but complete bone healing was
achieved after treatment with induced membrane technique for
the second time. The induced membrane technique treatment
method is superior to traditional treatment methods in terms
of number of surgeries, treatment efficacy, hospitalization
expenses, complications, and recovery time (24-26). Masquelet
and Begue reported that all 35 patients with bone defects in
their study achieved radiographic healing following treatment
with induced membrane technique (5). Another study also
reported that 90% of patients achieved bone union (27).

It was found in this study that rat weight, body tempera-
ture and number of bacteria in the wound decreased over
time following treatment with induced membrane technique.
Weight loss may be caused by poor appetite resulted from stress
during model establishment and treatment. The decreases in
rat body temperature and number of bacteria in the wound
suggested that local high concentration of antibiotics was
achieved around bone defect after implantation of antibiotic
bone cement, which effectively inhibited the growth of various
bacteria and reduced the incidence of postoperative infection.

In conclusion, through establishment of rat chronic osteo-
myelitis models followed by treatment with induced membrane
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technique, we observed a high rate of bone union with low
incidence of postoperative complications. In addition, the
weight-bearing function of the affected limb was restored. Our
study provided reference for the use of the induced membrane
technique for the treatment of chronic osteomyelitis.
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