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Abstract

Background: There were two ways of preparing the cement spacer: intracorporeal and extracorporeal formation.
This study aimed to investigate the outcomes of extracorporeal vs. intracorporeal formation of a spacer using the
induced membrane technique (IMT) for repairing bone defects of the tibia.

Methods: Sixty-eight patients with tibial defects treated with IMT were analyzed retrospectively. According to the
mode of bone cement preparation, patients were divided into intracorporeal and extracorporeal groups (36 vs. 32
respectively). All patients were followed up for 12-48 months (average 18.7 months). The time interval between the
first and second stages, the time required to remove the spacer, injury of the IM or bone ends, bone healing and
infection control, as well as the functional recovery (Johner—Wruhs scoring), were compared.

Results: There was no significant difference in the preoperative data between the two groups (P> 0.05). There was
no significant difference in the time interval (12.64 +4.41vs. 13.22 +4.96 weeks), infection control (26/28 vs. 20/23),
bone healing time (7.47 4 2.13vs. 7.50 & 2.14 mos), delayed union (2/36 vs. 2/32), nonunion (2/36 vs. 1/32), an excel-
lent or good rate of limb functional recovery (30/36 vs. 26/32) between the intracorporeal and extracorporeal groups
(P >0.05). However, the time required to remove (3.97 £ 2.34 min) was longer and the injury of IM or bone ends
(28/36) was greater in the intracorporeal group than those in the extracorporeal group (0.56 +0.38 min and 1/32,
respectively), showing a significant difference (P <0.05).

Conclusion: Both approaches were shown to have similar effects on bone defect repair and infection control.
However, intracorporeal formation had advantages in terms of additional stability, while extracorporeal formation
had advantages in terms of removal. Therefore, the specific method should be selected according to specific clinical
needs. We recommended the extracorporeal or the modified extracorporeal formation in most cases.

Keywords: Induced membrane technique, Bone defect, Extracorporeal formation, Intracorporeal formation, Injury of
induced membrane, PMMA

Introduction

Bone defects usually originate from high-energy injury,
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challenge. e three most reported surgical techniques
are free vascularized fibular graft, Ilizarov bone transport
and the induced membrane technique (IMT) [1]. e free
vascularized fibular graft requires excellent microsurgi-
cal experience and alters the donor’s healthy limb. e
llizarov bone transport technique is a slow and painful
process with a greater incidence of complications such as
nonunion of the docking site and pin-path infection. e
IMT involves two stages: the first operative stage includes
radical debridement, skin flap repair of the soft tissue if
necessary, and insertion of bone cement—polymethyl-
methacrylate (PMMA) between the bone defect ends; the
second operative stage is the removal of the spacer and
autologous cancellous bone grafting into the chamber of
the induced membrane (IM). e IM can secrete vari-
ous growth factors including transforming growth fac-
tor beta 1 (TGFB-1), fibroblast growth factor 2 (FGF-2),
bone morphogenetic protein 2 (BMP-2) and vascular
endothelial growth factor (VEGF) [3-8]. It contains a
rich supply of micro-vessels, mesenchymal stem cells
(MSC), and osteoprogenitors that can di erentiate into
mature osteoblasts.  erefore, the IMT is a technically
simple and e ective method with rapid bone healing for
repairing various bone defects, including large segmental
defects [3—8]. e use of cement loaded with antibiotics
that can be released slowly reduces the infection rate, so
the IMT is also an e ective treatment for infectious bone
defects [9]. Due to a lack of standard approaches toward
making the cement spacer, clinical practice is based pri-
marily on personal habits and experience. Patients in this
study were divided into an intracorporeal group(in vivo
shaping of bone cement spacer) and an extracorporeal
group (in vitro shaping of bone cement spacer) accord-
ing to the mode of preparation of the cement spacer [10].

e approach to the preparation of the spacer involves
whether the spacer is di cult to remove, damage risk
and integrity of the IM. e integrity of the IM a ects its
osteogenic activity, which is related to the e ect of repair-
ing bone defect to a certain extent.  erefore, it is neces-
sary to know whether the outcomes of the two methods
di er. However, it rarely is reported in the literature. e
purpose of this study was to retrospectively compare the
intraoperative and postoperative outcomes of extracor-
poreal vs. intracorporeal formation of a spacer using the
IMT for repairing bone defects.

Materials and methods

Patients

We performed a retrospective review of all patients
with a tibial fracture and defects resulting from an open
fracture or infection and surgical debridement treated
using IMT in our hospital from January 2009 to Octo-
ber 2019. e study was reviewed and approved by

Page 2 of 9

the Institutional Review Board of Wuxi No. 9 People’s
Hospital (No. WXJY-LY-20010017), and performed
in accordance with the ethical standards laid down in
the 1964 Declaration of Helsinki and its later amend-
ments. Signed informed consent was obtained from
each patient. A total of 80 patients were selected for the
present study. Exclusion criteria were: (i) patients who
did not receive the second stage of IMT; non-PMMA
cement spacer used; (ii) complications from poor sta-
bility after the second stage surgery; (iii) the follow-up
time after the second stage surgical procedure was less
than 12 months; (iv) patients with incomplete follow-
up data or poor compliance with treatment. 12 patients
(15%) were excluded by these criteria. e remaining 68
patients (85%) met the inclusion criteria and included an
intracorporeal group (36 cases) and an extracorporeal
group (32 cases) according to the mode of preparation
of the spacer.

The average age of patients in the intracorpor-
eal group was 42.08 years (range 13—75 years), and
included 22 males and 14 females. There were 8
patients with non-infectious bone defects (commi-
nuted fractures with bone defects), and 28 patients
with infectious bone defects (defects with infection).
There were 24 patients with segmental bone defects
and 12 cases with partial bone defects. 23 patients had
an associated injury (tendon, nerve or vascular injury
or skin defect). The average length of the bone defects
was 5.72 cm (range 2.0—12.0 cm). Bone defect site: 8
cases in the upper segment, 13 cases in the middle seg-
ment, and 15 cases in the lower segment of the tibia.
Before the IMT, the average times of other surgeries
performed was 2.39 per person (range 0—4 surgeries/
person) Table 1.

e average age of patients in the extracorporeal group
was 39.78 years (range 15—71 years), and included 19

Table 1 Comparison of preoperative data between the two
groups

Characteristics Intracorporeal Extracorporeal P-value
group (n=236) group (n=32)

Agelyers) 420841707 39.78+16.72 0.577

Male 22(61.11%) 19(59.38%) 0.884

Infectious defects 28(77.77%) 23(71.88%) 0.575

Associated injury 23(63.88%) 20(62.50%) 0.906

Segmental defects 24(66.67%) 19(59.38%) 0618

Defect length(cm) 5724268 5224262 0.440

Site of 8/13/15 5/12/15 0.779

defects(upper/mid-

dle/lower)

Times of surgery 239+127 241+£1.36 0.957
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males and 13 females.  ere were 9 patients with non-
infectious bone defects (comminuted fractures with bone
defects), and 23 patients with infectious bone defects.

ere were 19 patients with segmental bone defects and
13 with partial bone defects. 20 patients had an associ-
ated injury. e average length of the bone defects was
5.22 cm (range 2.0-10.0 cm). Bone defect site: 5 cases
in the upper segment, 12 cases in the middle segment,
and 15 cases in the lower segment of the tibia. Before
the IMT, the patients underwent other surgeries with an
average of 2.41 times per person (range: 0—4 times/per-
son) Table 1.

Surgical methods

In the first stage, thorough bone and soft tissue debride-
ment were performed, including removal of free bone
or sclerotic bone without a blood supply, and the med-
ullary cavity was opened. In cases involving infectious
bone defects, internal fixations were removed and the
wound was washed with hydrogen peroxide, iodophor,
and large amounts of saline several times. Pulse irri-
gation was used until the flushing fluid became clear.
For non-infective bone defects, PMMA and internal
or external fixation were used, whereas PMMA loaded
with the antibiotics (vancomycin or/and gentamicin)
and external fixation were used for infectious bone
defects.

In the intracorporeal group, the cement was implanted
in a dough phase, then shaped to match the size of the
bone defect and wrapped at the ends. At the same time,
normal saline was used to wash and cool the heating of
the cement until it solidified.
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In the extracorporeal group, depending upon the
size and shape of the bone defect, cylinder, single or
multiple blocks or beads of cement were made dur-
ing the dough phase, and then were inserted into the
bone defect site after natural solidification and cool-
ing to room temperature (Fig. 1). In some cases, the
multi-column structure pacer was internally fixed with
sutures or a thin layer of cement.

e associated skin defect was repaired with a skin
flap or myocutaneous flap. For non-infectious bone
defects, internal or external fixation was used during
the operation, and prophylactic antibiotic therapy was
prescribed for 3—5 days after the operation; for infec-
tious bone defects, external fixation was used during
the operation, and sensitive or broad-spectrum antibi-
otics were used intravenously for about 2 weeks follow-
ing which oral antibiotics were prescribed until 6 weeks
after the surgery. For patients with infectious bone
defects, the second stage operation of IMT was not
performed until the white blood cells, C-reactive pro-
tein (CRP), and erythrocyte sedimentation rate (ESR)
were reduced to normal or close to the normal levels
without clinical symptoms of infection.

In the second stage, the wound was opened through
the original surgical approach, the IM was cut lon-
gitudinally, the spacer was removed and autologous
cancellous bone was grafted into the IM. If the iliac
bone graft was insu cient, it was supplemented with
no more than one-third of allogeneic bone or artificial
bone. Reliable and stable internal fixation including
intramedullary nails or locking plates were used. Anti-
biotics were used for 3—5 days postoperatively.

Fig. 1 Different shapes of spacer prepared by extracorporeal formation (

[ A

cylinder, single or multiple blocks, and beads)
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Postoperative management

All patients were reexamined every month postopera-
tively, and every 3 months after bone defect healing.
Patients with internal or external fixation began reha-
bilitation activities 3 days postoperatively and gradu-
ally moved adjacent joints. Partial weight-bearing was
allowed after callus bridging was confirmed by imaging.

Evaluation

e time interval between the first and second stages,
time required to remove the spacer, injury of the IM
or the bone ends, bone healing, infection control and
functional recovery were recorded. Injury of the IM or
the bone ends was defined as an IM defect area of larger
than 1 x 1cm?, or an iatrogenic fracture or defects at
the end of the bone. Clinical healing was defined as the
radiographic presence of bridging bone on 3 of 4 cor-
tices without gross motion or tenderness at the site of
the bone defect during a physical examination [11, 12].
In situations where a clear determination could not be
made, a CT scan was obtained to confirm union. Non-
union was defined when a minimum of 9 months had
elapsed since the fracture or bone defect without vis-
ible progressive signs of healing for 3 months. Delayed
union was defined as slow healing over 9 months. At
the final follow-up, lower limb functional recovery was
evaluated using the Johner—Wruhs scoring system
[13].

Statistical analysis

Statistical analyses were conducted using the statis-
tical package SPSS version 17.0 (SPSS Inc., Chicago,
IL, USA). For comparison between groups, Student’s
t-tests for measurement data of in a normal distribu-
tion or Mann—Whitney U test for measurement data
of non-normal distribution was used for continuous
variables. For categorical variables, the chi-square test
was used, whereas Fisher’s exact test was used when the
expected counts were<5. In all analyses, statistical sig-
nificance was determined by a value of P<0.05.

Result
Preoperative data results

ere were no significant di erences in age, gender,
defect type, length and site, associated injury or times
of surgeries between the two groups (P>0.05).

Perioperative period results

After the first stage, flap necrosis occurred in 2 cases
in the intracorporeal group, and 1 case in the extracor-
poreal group, resulting in the exposure of the spacer,
which needed to be repaired with a skin flap again.
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ere was no significant di erence in the time interval
between the intracorporeal and extracorporeal groups
(12.64+4.41vs. 13.22+4.96 weeks,P=0.611). How-
ever, the time required to removal (3.97 +2.34 Min)
was longer, and the injury of the IM or bone ends (
28/38) was greater in the intracorporeal group than
those (0.56 +0.38 min and 1/32) in the extracorporeal
group, showing significant di erence (P<0.001, each)
Table 2 and Fig. 2.

Complications and follow up

All patients were followed up for 12—48 months (aver-
age 18.7 months) after the second stage.  ere were no
significant di erences in the infection control rate (26/28
vs. 20/23, P=0.647), nonunion (2/38 vs. 1/32, P=0.545),
delayed union (2/38 vs. 2/32, P=0.904) and clinical
healing time (7.47+2.13vs. 7.50+2.14 mos, P=0.957)
between the intracorporeal and extracorporeal groups.
7 cases with bone nonunion and delayed union were
mainly related to higher proportion of cortical bone or
artificial bone and relatively poor stability of fixation. At
the last follow-up, 12 cases were excellent, 18 cases were
good, and 6 cases were fair in the intracorporeal group
(the excellent or good rate was 83.33%), and 12 cases
were excellent, 14 cases were good, and 6 cases were fair
(the excellent or good rate was 81.25%) in the extracor-
poreal group, showing no significant di erence between
the two groups (P=0.822) Table 2. Typical cases are
shown in Fig. 3 and Fig. 4.

Discussion
Advantages and disadvantages of extracorporeal
and intracorporeal formation

is study showed that there were no di erences on bone
defect repair and infection control. However, there were
di erences in the time required to removal and the inci-
dence of injury of the IM or bone ends between the two
groups.

Table 2 Comparison of outcomes between the two groups

Outcomes Intracorporeal Extracorporeal P -value
group (n=36) group (n=32)

Time interval(weeks) 1264+441 13.22+496 0611
Time required to remove  3.97+2.34 05640.38 <0.001
(min)

Injury of the IM or bone 28(77.77%) 1(2.44%) <0.001
ends

Infection control 26(90.24%) 20(86.96%) 0.647
Healing time(mos) 747 +£2.13 750+2.14 0.957
Delayed healing 2(5.56%) 2(6.25%) 0.904
Nonunion 2(5.56%) 1(3.12%) 0.545
Excellent and good 30(83.33%) 26(81.25%) 0.822
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e classical application of the IMT is intracor-
poreal formation of a cement spacer. Masquelet and
other scholars emphasized that the spacer should
wrap 1-2 cm of the ends forming an expanded "col-
lar", in which bone grafting can avoid or significantly
reduce the occurrence of bone nonunion [3, 4]; the
other advantage of intracorporeal formation is that it
can provide additional stability for the bone defect and
even restore the stability immediately after surgery.
However, there are some disadvantages to intracorpor-
eal formation as well: (1) thermal necrosis of 1—-2 mm
of the interface bone tissue caused by high heat [3, 4,
10, 14], because a large amount of heat is released, as
high as 60°—70° C, in the course of the polymerization
of the cement; (2) Because it is tightly connected with
the bone interface, and di cult to be removed, biting
forceps, bone knife striking or drilling are often used to
remove the cement spacer, so the IM and bone ends are
easily damaged, destruction of the stability of the origi-
nal internal fixation, even iatrogenic fracture can occur
[3, 10, 14]. Injury of the IM leads to traumatic defects
of the IM.

Extracorporeal formation overcomes these dis-
advantages [3, 10, 14]. In this approach, relatively
small single or multiple blocks or beads of cement
are implanted into the bone defect after solidifica-
tion and cooling, avoiding the thermal necrosis of
the interface bone tissue. Furthermore, the cement
is easy to remove and there is no injury of the IM
or bone ends because the cement is not tightly con-
nected to the bone interface and is relatively small.
Therefore, it is easy to remove and there were no trau-
matic defects of the IM and damage to the bone ends
and stability of the fixation in these patients. In this
study, there were significant differences in terms of
the time required for removal and injury of the IM or
bone ends between the two groups (P<0.05). In order
to increase the stability of bone defects by extracor-
poreal formation, some authors [10, 15] have reported
an improved method of extracorporeal formation
of the cement spacer, in which a cylinder is formed
and divided into 2—3 blocks in vitro, then implanted
it into the bone defect after solidification and cool-
ing, and finally wrapped around the bone ends with
a thin layer of cement in vivo during the dough phase
to forms a "collar". This improved extracorporeal for-
mation can also provide may also provide additional
stability to bone defects, similar to the intracorporeal
formation, and was used in our study.

e key of IMT to repair bone defects lies in the IM.

e IM has the function of mechanical wrapping and
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biological osteogenesis, which avoids or reduces the
absorption of the grafted cancellous bone and promotes
the formation of new bone. erefore, the bone healing
time and healing rate of IMT are better than those of tra-
ditional cancellous bone grafting [2]. e integrity and
biological activity of the IM are related to the outcomes
of bone defect repair. Defects of the IM lead to weaken-
ing of the e ects of mechanical wrapping and biological
osteogenesis of the IM, and might a ect the bone defect
repair [13]. However, in the study, the di erences were
not significant in terms of the healing time and heal-
ing rate between the two groups, which may be due to
smaller defect size of the 1M, followed by a small sample
size.

It has been reported that the infection control rate
of antibiotic-loaded bone cement for infectious defects
is 78—100% [16—20]. Walenkamp et al. [17] reported
a series of 100 patients with infectious defects treated
with gentamicin-loaded PMMA beads who were fol-
lowed for 5 years. In that sample, the infection control
rate was 78% after a single treatment and 92% after
two or three treatments. Qiu et al. [20] compared the
outcomes of antibiotic-loaded bone cement beads and
IMT with intracorporeal formation of the bone cement
spacer for post-traumatic osteomyelitis.  eir results
showed no significant di erences in infection control
rate, bone healing time or complications between the
two groups, but it took more time to remove the spacer
in the intracorporeal formation group. In the current
study, the infection control rate was 90.20%, the cases
with recurrence of infection were related primarily to
insu cient debridement; there were no significant dif-
ferences in the infection control rate, bone healing and
functional recovery between the two groups. e above
results were consistent with those reported by Qiu
etal. [20].

Choice of indications

In view of both approaches have similar e ects on bone
defect repair and infection control, intracorporeal for-
mation had advantages in terms of additional stability
while extracorporeal formation had advantages in terms
of removal.  erefore, intracorporeal formation is espe-
cially suitable for bone defects that require additional sta-
bility such as severe osteoporosis and/or long segmental
bone defects while extracorporeal formation is especially
suitable for partial or small segmental bone defects and
segmental bone defects fixed with medial and lateral
plates and screws where the spacer is di cult to remove
[2, 3, 15]. Since bone cement can produce high heat and
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formation. B X-rays showed the defects clinically healed in 7 months

can kill tumor cells, intracorporeal formation is also
especially suitable for defect reconstruction using IMT
after resection of bone tumors. However, the modified
extracorporeal formation with a “collar’[10, 15] is also
suitable for long segmental bone defects as it can provide
additional stability to bone defects similar to the intra-
corporeal formation.  erefore, we recommended the
extracorporeal or the modified extracorporeal formation
in most cases.

Limitations of this study

is study only reviewed the treatment outcomes in 68
patients treated with IMT. e sample size is not large
enough to determine the e ects of the use of di erent
grouping types of internal implant and flap, quantity and
quality of bone grafts, etc., there may be bias; in particu-
lar the defect size of the IM was not graded and analyzed;
the evidence level of retrospective design is low. In addi-
tion to the osteogenic activity and integrity of the IM, bone
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Fig. 4 A 47 years-old male patient with segmental defects of the right tibia treated with IMT. a The cement spacer was prepared by intracorporeal

healing is also related to the quality and quantity of bone
graft and blood supply.  erefore, more cases and experi-
mental studies are needed to explore the e ect of defect
size of the IM on the repair e ect.

Conclusions

e results show that the formation of a cement spacer
by extracorporeal and intracorporeal methods in con-
junction with the use of IMT has similar e ects on bone
defect repair and infection control. However, intracor-
poreal formation has advantages in terms of additional
stability, while extracorporeal formation has advan-
tages in terms of removal.  erefore, di erent method
should be selected according to di erent situations. We

recommended the extracorporeal or the modified extra-
corporeal formation in most cases.
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