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Introduction
Gunshot injuries are common in combat situations but 

are now a growing problem in the civilian population of the 
United States. Between 2010 and 2012, greater than 32,000 
people per year were killed by ϐirearms, with the majority 
being suicides [1]. Of those fatalities, an average of 582 a year 
were accidental [1]. Over the same time frame, there were 
11,529 unintentional ϐirearm injuries yearly [1]. Of this group, 
55% were younger than 34. The economic impact of gunshot 
wounds is a median cost of $56,000 per hospitalization, and 
this does not account for time away from work and recovery 
for these young patients [2,3]. Prognosis and return to work 
or activity following gunshot injuries are highly dependent 
on the nature of the damage and can range from complete 
recovery to disability. Gunshot injuries to the extremities can 
result in signiϐicant soft tissue and bone defects that require 
advanced reconstruction techniques or amputation.

The Masquelet technique, introduced in 1986, has become 
increasingly popular for reconstruction scenarios with bone 
defects, such as those encountered in trauma, osteomyelitis, 
and cancer. The technique allows restoration of up to 30% 
- 50% of bone length using an induced membrane and 

bone graft [4]. It is a two-step procedure, the ϐirst of which 
places a cement spacer in the bone defect, which induces 
the formation of a biological membrane surrounding it. The 
induced membrane forms a contained space for subsequent 
bone grafting and an environment that promotes healing. 
Outcomes have been successful, with clinical and radiographic 
union rates of up to 90% in one year [5]. Classically described 
in the femur and tibia, three but has also been described in the 
clavicle, ϐibula, ulna, and humerus [6-9]. It has demonstrated 
effectiveness in adult and pediatric populations, managing 
congenital pseudoarthrosis and tumor resections [9-12]. 
The Masquelet technique has been described in the ϐirst 
metatarsal by Makridis, et al. in Foot Ankle Surgery published 
in 2014. Still, there needs to be literature describing the use of 
this technique in the lesser metatarsals.

This case explores the application of the Masquelet 
technique to the foot to treat bone loss from the fourth 
metatarsal bone following an accidental close-range low-
velocity gunshot wound. The patient consented to the 
publication of all information disclosed in this report, non-
pertinent patient information was not disclosed, and all 
ethical considerations were reviewed by the authors. 

Abstract 

The Masquelet technique has become increasingly popular in reconstruction scenarios 
such as osteomyelitis, cancer, and nonunions. The procedure is a two-staged approach: fi rst, 
a polymethylmethacrylate (PMMA) cement spacer is inserted to fi ll a bone void. The spacer 
induces a membrane to form around it, and 6-9 weeks later, the second stage involves carefully 
extracting the spacer and fi lling the membrane with bone graft. Most of the current literature has 
published either femoral or tibial involvement for Masquelet studies, with limited published data 
on foot reconstruction. Here, the authors used the procedure for the fourth metatarsal. Despite 
complications, this case proves a more excellent utility and warrants further investigation into 
Masquelet techniques in the foot.
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Case report
A healthy 29-year-old female with no pertinent PMH 

sustained an accidental self-inϐlicted close-range, low-velocity 
gunshot wound to the left foot. Physical exam was signiϐicant 
for a 10 x 25 mm dorsal entry wound and 20 x 30 mm plantar 
exit wound, with retained metallic fragments. Radiographs 
demonstrated a transverse displaced third metatarsal 
diaphysis fracture, segmental bone loss of about 15 mm 
between the head and diaphysis of the fourth metatarsal, and 
a minimally displaced ϐifth metatarsal base fracture. Injuries 
were isolated to the left foot. The fourth toe was pink and 
perfused but had an altered sensation. The remainder of the 
neurovascular examination of the foot was ordinary. 

Initial management of the Gustilo II wound included 
radiographic examination, irrigation, and debridement in the 
emergency room (Figure 1). The patient’s tetanus status was 
conϐirmed as up to date, and antibiotics (clindamycin due to 
a penicillin allergy) were started. The foot was dressed and 
splinted in preparation for formal treatment in the operating 
room the next day. Antibiotic prophylaxis was again given 
before surgery, and the patient underwent standard irrigation 
and debridement in the operating room the day following 
admission. This included the removal of metallic debris, 
de-vascularized bone fragments, and devitalized tissue in 
addition to irrigation with 6L of normal saline. With the 
assistance of ϐluoroscopy, a 0.062 Kirschner wire was placed 
retrograde across the 3rd metatarsal fracture after reduction. 
Two transverse 0.062 Kirschner wires were identiϐied from 
the 5th to the 3rd metatarsal to stabilize the 5th and maintain 
the length of the 4th. A 10 x 15 mm molded antibiotic-eluting 
cement spacer (Stryker) was then placed in the defect of the 
4th metatarsal as stage 1 of the Masquelet technique. The 
plantar and dorsal wounds were then loosely approximated 
with nylon sutures (Figure 2). The patient was discharged on 
the day of surgery, non-weight bearing in a fracture boot, to 
await stage 2 of the Masquelet technique. 

The patient was seen at two weeks for wound check and 
suture removal, with no evidence of infection or wound 
breakdown. At six weeks, radiographs demonstrated the 
reduction was maintained, with the hardware and cement 
spacer in a good position with no evidence of failure. Pins 
were removed, and the patient was instructed to continue 
non-weight bearing in the fracture boot. At about eight 
weeks postoperatively, the patient presented with wound 
dehiscence dorsally and exposed cement spacer. The cement 
spacer was removed in the clinic, and the patient was placed 
on oral antibiotics and dressing changes every two days until 
the wound was closed (Figure 3).

At 15 weeks postoperatively, the patient’s dorsal wound 
had closed, and stage 2 of the Masquelet procedure was 
performed. At the time of surgery, a thick pseudomembrane 
was encountered where the cement spacer had been placed 

Figure 2: Transverse pins are placed to hold the 4th metatarsal out to length. The 
PMMA spacer is visibly occupying the bone loss.

Figure 3: Showing the foot after complication and spacer removal.

Figure 1: XR of the left foot after gross irrigation and debridement, splint placement; 
note the metallic debris over the 4th metatarsal.
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between the 4th metatarsal head and diaphysis, deep to 
the healed skin defect. The pseudomembrane was incised 
in line with the skin incision over the defect. A ϐibular 
allograft (Depuy) was fashioned to ϐit the fault. Of note, some 
shortening had occurred while there was no longer a cement 
spacer to maintain the length of the 4th ray due to soft tissue 
contracture, but the construct provided a 4th ray that was 
only slightly longer than the 5th. A 7-hole low proϐile plate 
(Arthrex) was placed, and excellent purchase was obtained in 
the head and diaphysis to secure the allograft between them. 
The pseudomembrane was then closed over the construct 
with an absorbable suture, followed by the skin (Figure 4). 
The patient was placed in a non-weight bearing short leg cast 
for six weeks. 

At six weeks postoperatively from stage 2 of the Masquelet 
technique, the patient was transitioned into a fracture boot 
and began weight bearing as tolerated. At 16 weeks from 
stage 2, the patient was transitioned to a regular shoe and 
began conditioning for return to work. At seven months from 
stage 1 of the Masquelet procedure, the patient had returned 
to complete work with no difϐiculties but was not yet running. 
At nine months from stage 1, the patient performed all work 
duties and could run without problem (Figure 5).

Discussion
This case report highlights the ability of the Masquelet 

technique to overcome a bone defect and maintain metatarsal 
length despite the need to remove the cement spacer before 
the procedure’s second stage. In the second stage, the thick 
pseudomembrane was still present and surrounded the 
void left by the bone defect. As noted in the literature, this 
membrane is highly vascularized, providing a responsive bone 
growth environment [13-15]. Successful union was achieved, 
and the patient could return to active whole duty without pain 
or problems. This is the only successful use of the Masquelet 
technique with spacer removal before the second stage and 
the only point in the lesser metatarsals. 

Results of the Masquelet technique in the femur and tibia 
have been well characterized, as Masquelet, et al. published 
a 35-patient case series with an average time to union of 8.5 
months. An average time to unrestricted weight-bearing has 
been reported at 7.9 months from stage 1 and 4.5 months from 
stage 2, amongst tibial and femoral cases [14-16]. In keeping 
with this, union and full weight bearing were achieved in our 
case of the metatarsal Masquelet technique in 7 months from 
the index procedure. 

Cases of using the Masquelet technique in the foot have 
been reported, but none in the lesser metatarsals. Liu, 
et al. report using the Masquelet technique to treat ϐirst 
metatarsophalangeal joint gout with bone defect; results were 
favorable—total combined excellent and reasonable rate was 
63.6% [17,18]. However, the treatment of gout in this manner 
is controversial, and it is unclear if the Masquelet technique 
was successful as the patient underwent more extensive 
surgery, including extensive arthrodesis [15]. The authors 
stabilized the ϐirst metatarsal fracture with a mini-external 
ϐixator and bridged the bone defect with two locking plates. At 
ten months postoperatively, residual pain and instability led 
to arthrodesis of the ϐirst MTP joint combined with hindfoot 
and tibiotalar joint. Largey, et al. documented a case with 
medial cuneiform bone loss managed with a Masquelet and a 
saphenous cross-leg ϐlap [17-19].

Complications of the induced-membrane technique 
previously reported include nonunion, wound healing issues, 
amputation, and ϐistula [18-20]. Emphasis on a thorough 
debridement ensures a healthy pseudomembranous 
environment and minimizes infection risk [19]. Relative 
contraindications to this technique affect bone’s healing ability, 
including tissue necrosis, radiation, chronic systemic steroid 
use, smoking, and malnutrition [19-24]. While the patient had 
a dorsal wound that re-opened following initial close closure, 
the wound did close by secondary intention following removal 
of the spacer before the second stage. Despite removing the 
cement spacer, the pseudomembrane remained intact until 
the second stage, which current literature suggests has never 
been previously reported.

Figure 4: 7-hole Arthrex plate and fi bular graft.

Figure 5: XR reveals intact hardware with no evidence of failure.
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Alternatives to the treatment described included 
amputation of the 4th toe. However, this is likely somewhat 
aggressive without evidence of the patient’s inability to 
tolerate the limited function of the 4th toe in this state. Another 
option is a free ϐibular autograft, described in metatarsal 
defects, though usually for those larger than 6 cm [25]. The 
shape of the ϐibula, ease of harvest, and donor site vessel 
diameter are advantages when using this technique. However, 
donor site pain, duration of surgery, and the need for a 
specialist for vessel anastomosis make this a less attractive 
option, particularly for a relatively small bone defect. The 
simplest option is to leave the bony defect as it was and hope 
for a ϐibrous union to bridge the metatarsal gap. But this 
would likely have resulted in the shortening of the 4th ray and 
an unstable union that would effectively eliminate the 4th toe 
in weight-bearing and result in a chronic metatarsalgia of the 
3rd and 5th metatarsal heads due to overloading.

Limitations of the current investigation include the 
inherent limitations of an isolated case study. While the patient 
has achieved clinical union, radiographic union is difϐicult 
to deϐine and demonstrate. Shortening the 4th metatarsal is 
not ideal, and while the patient is doing well, the possibility 
remains of developing metatarsalgia at the heads of the 3rd 
or 5th. 

Conclusion
The Masquelet technique has been demonstrated to be 

effective in the foot, and this case report represents the 
ϐirst published case of its use in the lesser metatarsals and 
demonstrates the technique’s effectiveness despite removing 
the cement spacer before the second stage. It remains 
an effective method for managing bone loss in traumatic 
situations and may allow for early spacer removal if required.
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