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Abstract. In addition to autologous bone graft, vascularized 
fibular autograft and Ilizarov bone transfer, the Masquelet tech-
nique is another effective method to reconstruct bone defects. 
This technique was initially proposed in 1986 and consists of 
two stages. At the first stage, radical debridement is required 
and subsequently, a polymethylmethacrylate (PMMA) cement 
spacer is implanted at the site of the bone defects. At the 
second stage, when the PMMA-induced membrane is formed 
6-8 weeks later, the cement spacer is carefully removed in 
order to not disturb the induced membrane and the bone graft 
is performed to fill the bone defects. Although this technique 
has resulted in satisfactory outcomes in the reconstruction of 
bone defects, the PMMA spacer used to induce membrane is 
not degradable and requires surgical removal. In recent years, 
calcium sulfate has been used as a localized antibiotic delivery 
vehicle and bone substitute due to its superiorities over 
PMMA, particularly its completely degradable nature. The 
present study identified that calcium sulfate can also induce 
the formation of a membrane. In addition, we hypothesized 
that the degradability of calcium sulfate may allow one-stage 
reconstruction of bone defects. The current study presents a 
clinical case report and review of the literature.

Introduction

The aim of bone defect reconstruction is to regenerate bone 
loss and restore limb function  (1). Several approaches can 
be adopted in the clinic, including autologous bone graft, 
vascularized fibular autograft and the Ilizarov bone transfer 
technique. Autologous bone graft is not recommended for 
reconstruction of massive bone defects due to its increased 
risk of resorption (2). Vascularized fibular autograft and the 
Ilizarov bone transfer technique are the most frequently used 
methods for reconstruction of extensive bone defects (3-5).

The Masquelet technique is another effective way to 
repair extensive bone defects. This two-staged method for 
bone reconstruction was first described by Masquelet et al in 
1986 (6). The first-stage surgery includes radical debridement 
of bone and soft tissues, followed by implantation of a poly-
methylmethacrylate (PMMA) cement spacer at the site of the 
bone defects. The cement spacer is expected to obviate inva-
sion of fibrous tissue at the recipient site (mechanical role) and 
induce the surrounding membrane (biological role) (7). After 
a duration of 6 to 8 weeks, a PMMA-induced pseudosynovial 
membrane formed. At the second-stage surgery, the cement 
spacer is removed carefully in order to maintain the already 
formed membrane and cause minimal disturbance. Following 
this, the defect is filled with morcellised cancellous autologous 
bone graft. Masquelet et al (6) reported that this method could 
repair a bone defect of 25 cm in length.

Since the first study, the Masquelet technique has been 
widely used to resolve massive bone defects caused by different 
diseases and achieved clinical efficacy (8-12). However, effi-
cacy in the cases managed by the Masquelet technique does 
not mean that this approach is optimal. The main disadvan-
tage of this technique is the PMMA cement spacer, which is 
not degradable and requires a second surgery for removal. 
Additionally, the variable antibiotic elution rates of PMMA 
may affect the antibacterial effect. Furthermore, local implan-
tation of PMMA may lead to a rise in temperature, which 
limits its combination with heat-sensitive antibiotics (13).

In recent years, calcium sulfate has been used clinically 
as a delivery vehicle and bone substitute due to its superi-
orities over PMMA. Firstly, calcium sulfate can be totally 
degraded, entirely with its antibiotic load. Secondly, the rise in 
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temperature is minimal when using calcium sulfate combined 
with antibiotics. Finally, no residual foreign body remains 
once the antibiotics have been eluted, reducing the risk of 
biofilm infections (13).

The present study assessed whether if PMMA is replaced 
by calcium sulfate as a cement spacer in the Masquelet tech-
nique, reconstruction of bone defects may be achieved through 
one-stage surgery. We hypothesize that this one-stage surgery 
may consist of three essential steps. The first step is radical 
debridement of bone and surrounding soft tissues. The second 
step is mixing calcium sulfate, with or without morcellised 
cancellous autologous bone or other bone substitutes, and 
optional additives at a correct ratio. Additives include, but 
are not limited to, antibiotics, platelet-rich plasma (PRP) and 
mesenchymal stem cells (MSCs). The last step is stabilization 
of the bone with appropriate types of fixations.

Case report

Calcium sulfate can induce the formation of membrane. 
A 24-year-old male had a main complaint of pain with limited 
activity of the bilateral feet subsequent to falling down from 
a height of ~12 m. Physical examinations and radiology tests 
proved that the patient had multiple fractures all over the body. 
The present report only focuses on the clinical management 
of the right foot where an open fracture of the calcaneus was 
identified (type II of the Gustilo-Anderson classification; with 
a wound in the planta without loss of soft tissue), closed frac-
tures of the talus neck (type IV of the Hawkins classification), 
navicular and cuboides, and dislocations of the calcaneocu-
boid and talonavicular joints (Fig. 1). The patient initially 
received debridement for the calcaneus with limited internal 
fixations for the fractures of the talus, navicular and cuboides, 
as well as dislocated joints (Fig. 2). Postoperatively, aggra-
vating exudation with suppuration occurred at the calcaneal 
wound and diagnosis of calcaneal infection was established 
accordingly. One month after the first surgery, the patient 
underwent pin removal and once more radical debridement 
of the right calcaneus. Subsequently, local calcium sulfate 
(Stimulan Rapid Cure; Biocomposites, Ltd., Staffordshire, 
UK) with vancomycin was implanted at the defect site of the 
calcaneus (Fig. 3). Approximately 8 weeks after the second 
surgery, the patient returned for further treatment of the bone 
defect. X-rays of the right foot clearly showed formation of an 
induced membrane around the calcaneus (Fig. 4). A computed 
tomography scan (Fig. 5) also confirmed the existence of the 
membrane. A one-stage strategy was not performed in this 
patient due to the following considerations: i) A two-stage 
surgery was originally planned, therefore, the defect was 
filled with only calcium sulfate and antibiotics. Considering 
the large bone defects, we believed that it would be more 
appropriate to reconstruct the defect with bone graft. ii) The 
patient preferred the reconstruction of the bone defect with 
autogenous bone graft. Finally, the calcium sulfate was care-
fully removed and the defect was filled with autogenous iliac 
crest. Postoperatively, there was no recurrence of local infec-
tion. However, due to the severe injury, although the wound 
recovered well, there remained deformities, such as the loss 
of Bohler and Gissane angles and decreased calcaneal height 
at one year follow-up time (Fig. 6).

Possibility of one-stage surgery. The evidence for the possi-
bility of one-stage surgery included the following aspects. 
i) Unique biological superiority of calcium sulfate. The advan-
tages of calcium sulfate-based cement include biodegradability, 
biocompatibility, osteoconductivity and non-exothermic 
setting reactions (14), of which total biodegradability is the 
most important as it provides a vital foundation for one-stage 

Figure 1. Lateral radiograph of the right foot following trauma. X-ray shows 
the fractures of the right calcaneus, navicular and cuboides, and dislocations 
of the calcaneocuboid and talonavicular joints.

Figure 2. Lateral radiograph of the right foot following the first surgery. 
X-ray shows the internal fixations for the fractures and dislocated joints. The 
radiography also revealed an extensive bone defect of the right calcaneus.
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surgery. ii) Good clinical efficacy of calcium sulfate as a bone 
substitute. In a previous study regarding the use of calcium 
sulfate as a bone graft substitute to repair bone defects ranging 
from 13-138 cm3, Kumar et al (15) concluded that calcium 
sulfate is a safe, efficient and easily available bone graft substi-
tute for the treatment of osseous defects. Similarly, in a 3-year 
randomized controlled trial, Di Alberti et al (16) also reported 

good outcomes of calcium sulfate as a carrier for regeneration 
of human bone defects. Whether autologous bone or other 
bone substitutes should be used or not depends on the defect 
size. If a bone defect is limited, only calcium sulfate may be 
enough for reconstruction. When a bone defect is extensive, 
autologous bone or other bone substitutes [such as recombi-
nant human bone morphogenetic protein 2 (rhBMP-2)] can be 
used in combination with calcium sulfate (17). Of note, radical 
debridement of the bone and surrounding soft tissues is the 
premise of the following surgical procedures. iii) With regards 
to the definitive outcomes of the combination of calcium 
sulfate with additives in reconstruction of bone defects, 
Howlin et al (18) identified that calcium sulfate with antibiotics 
may have a potential ability to reduce or eliminate biofilm 

Figure 3. Lateral radiograph of the right foot following the second surgery. 
X-ray shows the removal of the pins and implanted calcium sulfate at the 
bone defect site.

Figure 4. Lateral radiograph of the right foot 8 weeks after the second sur-
gery. X-ray shows the formation of the membrane around the calcium sulfate 
(arrow).

Figure 6. Lateral radiograph of the right foot one year after bone graft using 
autogenous iliac crest. X-ray shows the effectiveness of the bone defect 
reconstruction, although sequelae remained in the right cancaneus. 

Figure 5. CT scan of the bilateral feet at the coronal plane. This CT scan slide 
showed the formation of the induced membrane around the calcium sulfate 
(arrows). CT, computed tomography.
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formation on adjacent periprosthetic tissue and prosthesis 
material, thus reducing the rates of periprosthetic infection. 
Following the comparison of PMMA with calcium sulfate as 
antibiotic carriers at the infected sites, McConoughey et al (13) 
indicated that calcium sulfate led to similar or improved 
outcomes compared to PMMA in the inhibition of bacterial 
growth. In a pilot study regarding the assessment of clinical 
outcomes of grafted sockets using either calcium sulfate-PRP 
or calcium sulfate alone in the socket preservation procedure, 
Cheah et al (19) reported that calcium sulfate-PRP-grafted 
sites had a higher mineralized bone content compared to the 
calcium sulfate-grafted sites. In a rat experiment, He et al (20) 
found that the combination of injectable nano calcium 
sulfate/alginate paste and BMP2‑gene‑modified MSCs may be 
a new and effective strategy for repair of bone defects.

Discussion

Although the Masquelet technique was initially designed for 
the treatment of bone defects caused by infection, it has now 
been widely used for the reconstruction of bone defects caused 
by other disorders. Gouron et al  (8) and Pannier et al  (9) 
reported its use in the treatment of congenital pseudarthrosis 
of the tibia, which resulted in satisfactory bony union. 
Villemagne et al (10) adopted this method to reconstruct the 
long bone defect following resection of the malignant bone 
tumor, indicating that this simple and reliable technique may 
lead to promising clinical outcomes.

Previous studies have reported its application mainly for 
the defects in the long bones. Recently, this technique was also 
used for repair defects in the foot and hand. Makridis et al (21) 
used this technique to repair an extensive defect of the first 
metatarsal bone in a 53-year-old man, who was able to conduct 
normal daily activities with no pain 18 months postoperatively. 
Flamans et al (22) used this approach for hand and wrist bone 
defects in 11 cases, 9 of which achieved bone union with no 
septic complications at the 1-year follow up.

Recently, investigations addressing the similarities and 
differences between PMMA and calcium sulfate as two 
types of cement spacer have drawn wide attention. In an 
in vitro study, McConoughey et al  (13) found that calcium 
sulfate beads achieved similar or a more improved efficacy 
compared to the PMMA beads in inhibiting bacterial growth. 
Grimsrud et al (23) reported similar characteristics of in vitro 
elution between voriconazole-loaded PMMA bone cement 
and calcium sulfate bone substitute. A prospective, random-
ized clinical trial (24), which compared the clinical efficacy of 
antibiotic-impregnated calcium sulfate with antibiotic-impreg-
nated PMMA for the treatment of chronic osteomyelitis and 
infected nonunion, revealed that calcium sulfate was equiva-
lent to PMMA in efficacy of eradicating infection, but required 
fewer subsequent surgical procedures. In a biomechanical 
pull-out strength test regarding the two cement spacers used 
for augmentation of a failed pedicle screw, Güler et al (25) 
found that calcium sulfate augmentation may not be as strong 
as PMMA augmentation.

Taken together, the previous and present studies have 
confirmed that calcium sulfate, as a novel delivery vehicle, 
possesses similar effectiveness as PMMA, but a clear char-
acteristic of total biodegradability, which highlights its 

superiority over PMMA. However, it should be noted that 
calcium sulfate is less strong than PMMA.

Currently, the differences between the PMMA-induced 
membrane and calcium sulfate-induced membrane remain to 
be elucidated. However, it is clear that the PMMA-induced 
psedosynovial membrane is characterized by maturing 
vascularized fibrous tissue (26), which secretes several growth 
factors, including the vascular endothelial growth factor, 
BMP-2 and transforming growth factor-β1. Whether the 
calcium sulfate-induced membrane has similar characteristics 
requires further studies. In addition, detailed differences 
between the PMMA- and calcium sulfate-induced membranes 
should be further explored.

Although in the present study, calcium sulfate was able to 
induce the formation of membrane, numerous aspects remain 
to be elucidated, such as changes to the induced membrane 
and the generated space during the degradation process and 
following degradation. In addition, the fluid is produced 
around the spacer during the resorption of calcium sulfate; 
however, compositions of the fluid as well as its effects on the 
surrounding bones and soft tissues remain to be elucidated. 
Therefore, more studies should be performed to improve the 
understanding of calcium sulfate and the induced membrane.

In the present study concerning the repair of bone defects, 
calcium sulfate was demonstrated to induce the formation 
of a membrane similar to PMMA and we hypothesized that 
one-stage surgery may be achieved to reconstruct bone defects 
with calcium sulfate as a cement spacer. Future studies may 
develop the use of this one-stage hypothesis.
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