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Abstract  
Background : Treatment strategies for bone defects include free bone grafting, distraction osteo-
genesis, and vascularized bone grafting. Because bone defect morphology is often irregular, select-
ing treatment strategies may be difficult. With the Masquelet technique, a fracture site is bridged 
and fixed with a locking plate after treating deep infection with antibiotic-containing cement, and a 
free cancellous bone-graft is concomitantly placed into the defects. This procedure avoids exces-
sive bone resection.  
Methods : We studied 6 patients who underwent surgical treatment for deep infection occurring af-
ter extremity trauma (2004 through 2009). Ages at surgery ranged from 29 to 59 years (largest age 
group : 30 s). Mean follow-up was 50.7 months (minimum/maximum : 36/72 months). One pa-
tient had complete amputation of the upper extremity, 3 open forearm fractures, 1 closed supracon-
dylar femur fracture, and 1 open tibia fracture.   
  In all patients, bone defects were filled with antibiotic-containing cement beads after infected 
site debridement. If bacterial culture of infected sites during curettage was positive, surgery was 
repeated to refill bone defects with antibiotic-containing cement beads. After confirmation of nega-
tive bacterial culture, osteosynthesis was performed, in which bone defects were bridged and fixed 
with locking plates. Concomitantly, crushed cancellous bone grafts harvested from the autogenous 
ilium was placed in the bone defects.  
Results : Time from bone grafting and plate fixation to bone union was at least 3 and at most 6 
months, 4 months on average. Infection relapsed in one patient with methicillin-resistant Staphylo-
coccus aureus, necessitating vascularized fibular grafting which achieved bone union. No patients 
showed implant loosening or breakage or infection relapse after the last surgery during follow-up. 
Conclusion : The advantage of cancellous bone grafting include applicability to relatively large bone 
defects, simple surgical procedure, bone graft adjustability to bone defect morphology, rapid bone 
graft revascularization resulting in high resistance to infection, and excellent osteogenesis.
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INTRODUCTION

In cases complicated by deep infection after 
limb-threatening injury, a bone defect may occur as 
a result of debridement. Operative procedures of-
ten adopted for such bone defects are free cortical/

cancellous bone grafting in cases with a narrow de-
fect, free vascularized bone grafting if the defect is 
segmental, affecting a range of 50 mm or more, and 
lengthening by callus destruction in cases with bone 
defects of intermediate sizes (20-50 mm)1-7). Ac-
cording to previous reports, the time needed for 
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bone union after treatment of deep infection accom-
panied by defects of long bones of the extremities is 
6-10 months after vascularized fibular grafting1,2), 
about 5 months after callus lengthening3,4), and 7-10 
months after free bone grafting5,6,8). However, 
when vascularized bone grafting or lengthening by 
callus destruction is planned, it is not common for 
surgeons to encounter difficulty in selecting the op-
timal method of bone grafting because such bone de-
fects are morphologically diverse1,3,6). If the frac-
tured area is bridged and fixed with a locking plate 
and free cancellous bone is grafted into the space, it 
may be possible to achieve firm and flexible fixation 
and thereby good reconstruction of the bone defect.

With the Masquelet technique9), a fracture site 
is bridged and fixed with a locking plate after treat-
ing deep infection with antibiotic-containing cement, 
and a free cancellous bone-graft is concomitantly 
placed into the bone defect. And fix with a locking 
plate, the fracture site has with angler stability, and 
fixed strength increases. This procedure avoids 
excessive bone resection.

In 6 cases with bone defects (20-80 mm) due to 
deep infection secondary to injury of the extremi-
ties, we carried out grafting of crushed free cancel-
lous bone into the irregularly-shaped bone defects 
by employing a locking plate. We present the re-
sults of this treatment method.

PATIENTS AND METHODS

This study involved 6 patients undergoing sur-
gery between 2004 and 2009 for deep infections 
which developed after surgical treatment of extremi-
ty injuries. Ages at the time of surgery ranged 
from 29 to 59 years. The mean follow-up period 
was 50.7 months (range, 36-72 months).

The extremity injuries included complete upper 
arm amputation (1 case), open forearm fracture 
(Gustilo type IIIB) (3 cases), closed femoral supra-

condylar fracture (1 case), and open fracture of the 
tibia (Gustilo type IIIB) (1 case) (Table 1).

The diagnosis of deep infection was based on 
local signs of infection at the injured site, histopatho-
logical tests of resected bone tissue, and bacterial 
culture. In all cases, debridement of the infected 
area was carried out, and the bone defect was filled 
with cement beads containing antimicrobial drugs.  
In all 6 cases, preoperative X-rays revealed loosen-
ing of the internal fixation materials during the first 
operation, and this loosening was confirmed during 
debridement. In 4 cases, external fixation was ad-
ditionally applied after debridement. If bacterial 
culture of tissue obtained from the infected area dur-
ing curettage was positive, the bone defect was 
again filled with cement beads containing antimicro-
bial drugs. Bone reconstruction surgery was car-
ried out after a few weeks (mean : 2.5 weeks) con-
firming that the bacterial culture of the infected area 
had become negative once. For the operation, we 
employed a locking plate for the bone defect and 
performed fixation with a bridging plate technique.  
Subsequently, grafting of crushed cancellous bone, 
obtained from the patient’s own iliac bone, was car-
ried out.

During this study, the following were investi-
gated and/or analyzed : (1) initial treatment, (2) 
form and length of the bone defect (we measured 
maximum length and the smallest length of bone de-
fect on plain X-rays), (3) pathogen(s) causing infec-
tion, (4) duration from final surgery to bone union, 
(5) complications and additional surgery, and (6) 
postoperative complication with the implant. Bone 
union was evaluated on plain X-rays. Assessments 
were made by 3 experienced orthopedic surgeons 
not directly involved in management of our cas-
es. If assessments initially differed among these 3 
specialists, the time considered by all 3 to be when 
bone union occurred was adopted for data analysis.

Table 1. Cases

case Age/Sex Follow up period 
(months) Cause of injury Site of trauma Gustilo classification

1 35/male 48 MVA*1 Open forearm fracture Type IIIB

2 49/male 36   IA*2 Amputation of upper arm Amputation

3 59/female 48 IA Open lower leg fracture Type IIIB

4 29/male 44 MVA Open forearm fracture Type IIIA

5 54/male 56 MVA Femur fracture Closed

6 59/male 72 IA Open forearm fracture Type IIIB

*1 MVA : motor vehicle accident
*2 IA : industrial accident
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RESULTS (Table 2)

1. Initial treatment 

Surgery was carried out on all 6 patients. The 
initial operation was intramedullary nailing in 1 case, 
plate fixation in 2, wire fixation in 2, and external 
fixation in 1. Soft tissue repair was achieved using 
a free groin flap, anterolateral thigh flap, or free latis-
simus dorsi musculocutaneous flap, in 1 case each.  
In 1 case undergoing complete traumatic amputation 
of the forearm, replantation was carried out.

2. Bone defect form 

The bone defect was segmental in 5 cases and 
non-segmental in 1. Bone defect lengths ranged 
from 20 to 80 mm. The stump of the bone defect 
after curettage and sequestrum debridement was ir-
regularly shaped in all cases. Loosening of the in-
ternal fixation implants was noted during debride-
ment in all cases.

3. Pathogen(s) causing infection 

Mixed infection with E. cloacae and P. mirabilis, 
methicillin-resistant S. aureus (MRSA) infection, 
mixed infection with S. capitis and A. hydrophila, 
mixed infection with Phialophora species and Fusar-
ium species, infection with S. epidermidis, and infec-
tion with S. aureus were seen in 1 case each.

4. Duration until bone union

Except one case of FVFG, the length of time 
from surgery (bone grafting and plate fixation) to 
bone union ranged from 3 to 6 months (mean, 4 

months). One FVFG case achieved bony union af-
ter 4 months from the final surgery. In all cases, 
bone union was finally confirmed on plain X-ray.

5. Additional surgery 

The infection relapsed in 1 case (the case with 
MRSA infection). This patient received a free vas-
cularized fibular grafting, resulting in bone union.  
A patient with complete upper arm amputation and 
replantation underwent reconstruction of elbow flex-
ion function (with functioning pedicled latissimus 
dorsi muscle transfer) and wrist arthrodesis. Mo-
bilization was performed for 1 patient with knee and 
ankle joint contracture. Of the 2 patients with sub-
cutaneous protrusion of the internal fixation materi-
als, 1 received plate removal and the other under-
went K-wire removal. During follow-up after the 
final surgery, none of our patients showed relapse of 
infection and caused implant loosening and break-
age.

REPRESENTATIvE CASES

Case 1

A 35-year-old man with an open fracture of the 
left forearm (Gustilo Type IIIB). This patient was 
in a traffic accident while driving a car. He was 
thrown out from the car and sustained injury. On 
the day of the injury, wound debridement and tem-
porary fixation of the fractured site with K-wire 
were performed (Fig. 1-a, b).

One week later, plate fixation of the fractured 
site and closure of the open fracture with a free groin 

Table 2. Details of the cases

Case Initial 
treatment

Bone defect 
type/length

Identified 
bacteria

 Period of 
deep 

infection

Times of 
debridement 

surgery

Period 
to Bone 

uion

Complications
(after bone 

graft)

Additional 
surgery

Complication 
of LCP*1

1 Plate fix.
Free groin flap

Segmental
35-65 mm

S. capitis 
A. hydrophila 

5 months 2 3 months Addhasion of 
extensors

Tenolysis None

2 Plate fix.
Replantation 

Segmental
35 mm 

E. cloacae
P. mirabilis 

3 months 2 3 months None Functional LD*2 

taransfer 
Arthrodesis of 
wrist

None

3 Extanal fixation
Free LD*2 flap

Segmental 
20-40 mm

S. epidermidis 3 months 2 4 months Discomfort of 
subcutaneous 
wire

Wire removal None

4 Extanal fixation
Plate fixation

Segmental 
20-40 mm 

MRSA 8 months 5 6 months Infection
(after bone graft)

FVFG*3 None

5 Intramedurary 
nail 
(other hospital)

Non 
segmental
25-80 mm 

S. aureus 2 years 1 4 months Discomfort of 
subcutaneous 
LCP

Plate removal Discomfort

6 Pinning
Free ALT*4 flap

Segmental 
21-30 mm 

Phialophora 
fusarium

4 months 2 3 months Addhasion of 
extensors

Tenolysis None

*1 LCP : locking plate, *2 LD : latissimus dorsi, *3 FVFG : Free Vascularized Fibular Graft, *4 ALT : Antero Lateral Thigh
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flap were performed (Fig. 1-c). One month after 
the injury, deep wound infection was diagnosed. At 
that time, the screws inserted during the first opera-
tion was also discovered to have loosened. The 
screws was thus removed, followed by debridement 
of the fractured site, filling with cement beads con-
taining antimicrobial drugs, and external fixation 

(Fig. 1-d). The session of curettage and exchange 
of cement beads containing antimicrobial drugs was 
repeated twice, and the final bone defect size was 
35-65 mm. Five months after the injury, internal 
fixation with a locking plate and autologous cancel-
lous bone grafting were performed (Fig. 1-e). Bone 
union was confirmed 3 months after surgery. Plain 

a b c

d e f

Fig. 1. case 1. 35 yesrs old male, open forearm fracture.
 a : 1st. day of injury, Gustilo classification type IIIB.
   Debridement and repair of extensor was performed.
 b：1st. day of inury, plane X ray film.
 c：1 week after injury, free groin flap was performed.
 d : 1 month after injury, we diagnognosed deep infection.
   Loosened plate was removed, and dead space was filled with cement beads containing antimicrobial drugs.
 e : 5th. months after injury, bone defect range was 35-65 mm.
   Bridging plate fixation and cancellous bone grafting was performed.
 f : 2 years after injury, bony union was achived.
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X-rays taken at 48 months after the injury showed 
bone union to be well maintained (Fig. 1-f).

Case 2

A 48-year-old man with complete traumatic up-
per arm amputation.

The patient had been caught in a chicken feces 
stirrer, resulting in complete amputation of his upper 
arm (Fig. 2-a). The amputated arm was replanted 
the same day. Deep infection developed 1 month 
after the injury. For this reason, plate removal and 
filling with cement beads containing antimicrobial 
drugs were carried out. External fixation was si-
multaneously performed (Fig. 2-b). At 3 months 
postoperatively, after 2 sessions of curettage, the 
bone defect was segmental and 35 mm in length.  
At that time, bridging plate fixation with a locking 
plate and autologous cancellous bone grafting were 
carried out. Six months after surgery (3 months 
after cancellous bone grafting), bone union was 
judged to have been achieved (Fig. 2-c, d). Two 
weeks later, elbow flexion function was reconstruct-
ed with functioning pedicled latissimus dorsi muscle 
transfer. Six months after surgery, the patient was 
able to use the hand of the affected arm for auxiliary 
functions. Protective sensation of the palm was re-
stored (Chen’s criteria III) (Fig. 2-e). 

Case 3

A 56-year-old woman presented with an open 
fracture of the lower leg. Her leg had been caught 
in the blades of a power cultivator, resulting in the 

fracture (Fig. 3-a). On the day of this injury, the 
blades were removed, and the injured area was filled 
with cement beads containing antimicrobial drugs.  
External fixation was simultaneously performed.  
Later, the soft tissue of the lower leg gradually nec-
rotized.

Six weeks after the injury, the site was again 
filled with cement beads containing antimicrobial 
drugs (Fig. 3-b), accompanied by free latissimus 
dorsi musculocutaneous flap grafting and removal of 
the loosened device for external fixation (Fig. 3-c).  
Two months after the injury, the final bone defect 
was 20-40 mm (segmental). bridging plate fixation 
with a locking plate and autologous cancellous bone 
grafting were performed (Fig. 3-d). Bone union 
was confirmed 4 months after bone grafting. Four 
months after surgery, the patient had regained the 
abilities to walk unassisted and do farm work 
(Fig. 3-d, e). 2 years after injury, bony union was 
achieved well (Fig. 3f).

DISCUSSION

Requirements which would ideally be satisfied 
in patients undergoing bone grafting are reported to 
be as follows10,11) :
1. Presence of blood circulation through the recipi-
ent site ;
2. The recipient site is in contact with the bone 
graft plane, allowing bone conduction ;
3. Firm fixation of the bone graft ;
4. Bone graft placement within infection-free 

Fig. 2. case 2. 48 years old, male  Amputation of upper arm.
 a : 1st. day of injury, replantation was performed.
 b : one month after injury, we diagnognosed deep infection.
   Loosened plate was removed, and dead space was filled with cement beads containing antimicrobial drugs.
 c, d : 6 months after injury (4 months after plate fixation and bone grafting).
 e : 3 years after injury.
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tissue ; and 
5. Adequate care to ensure preservation of viable 
cells during surgery.

When bone defects arising from deep infection 
secondary to extremity injuries are treated, the fol-

lowing measures are essential : (1) curettage of the 
lesion and stabilization of the infection to achieve 
bone union, (2) reconstruction of soft tissue and firm 
fixation with a bridging plate technique, and (3) bone 
grafting into the bone defect. In all 6 of our present 

Fig. 3. case 3. 56 years old female, Open fracture of lower leg.
 a : 1st. day of injury, A blade of rotary tiller penetrated her lower leg.
 b : 2 weeks after injury.
 c : 6 weeks after injury, free latismus dorsi MC flap was performed.
 d : 2 months after injury, bridging plate fixation and cancellous bone grafting was performed.
 e : 2 years after injury.
 f : 2 years after injury, bony union was achieved.

a

b c d

e f
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cases, the bone defect after curettage of the lesion 
was at least 30 mm in size. In such cases, it report-
edly takes 7-10 months to achieve bone union after 
cancellous bone grafting5,6,8). In the present study, 
our technique was shown to shorten the time need-
ed for bone union to 4 months. If curettage of the 
lesion is performed while checking blood flow 
through the bone marrow, the bone stump at the re-
cipient site often assumes an irregular form. If the 
bone defect has an irregular shape, excessive trim-
ming of the bone stump is unavoidable when per-
forming vascularized bone graft grafting or callus 
lengthening. If the bone stump is irregularly 
shaped in cases with normal soft tissue around the 
lesion or in those who have undergone soft tissue 
reconstruction, like our present cases, cancellous 
bone grafting makes excessive bone resection un-
necessary and simplifies the operation. We believe 
that cancellous bone grafting is indicated in such 
cases.

When treatment involves crushed cancellous 
bone grafting, according to one case report, success 
can be achieved when the segmental bone defect is 
between 20 mm and 80 mm in length12). There is 
also a report indicating that in cases with extensive 
segmental bone defects of the tibia and soft tissue 
damage, treatment is possible with free latissimus 
dorsi muscle grafting and cancellous bone grafting, 
without requiring the use of a free vascularized fibu-
la graft13). In all of these studies, a conventional 
type plate was employed. In accordance with these 
reports, we recently attempted to treat bone defects, 
accompanied by infection, by means of cancellous 
bone grafting and fixation with a locking plate.

Cancellous bone grafting is advantageous in 
that it can be used for relatively extensive bone de-
fects, requires only simple operative manipulations, 
allows the bone graft to easily be matched to the 
shape of the bone defect, re-vascularization of the 
bone graft is rapid, resistance to infection is high, 
and ossifying potential is high11). Its disadvantage 
is lower strength than cortical bone. Cancellous 
bone grafting often requires concomitant use of a 
bridging plate technique. Ring et al used a plate 
with 9-10 holes and no locking mechanism12). We 
used a locking plate as a bridging plate. The use of 
a locking plate is advantageous in that it maintains 
blood flow through the periosteum around the curet-
tage lesion and firmer fixation is achieved than with 
the conventional plate14-17). However, several re-
ports have discussed inappropriate uses of locking 
plates or cases with cut-out or plate breakage when 
the plate was used as the proximal segment of the 

osteoporotic humerus or for the treatment of frac-
tures involving prosthetic joints18,19). We performed 
surgery using the AO system20) for bridging plate 
technique with a locking plate in a way that assured 
relative stabilization of the fractured site, taking care 
to select a long plate and to avoid using a screw in 
the vicinity of the bone defect. We believe that 
these precautions enabled us to successfully employ 
the locking plate in our patients, none of whom ex-
perienced plate breakage. Henceforth, these pa-
tients will be followed for longer periods of time.

CONCLUSION

1) We treated deep infection after injury of the ex-
tremities in 6 cases.
2) Bone union was achieved in 5 cases by means of 
internal fixation with a locking plate and cancellous 
bone grafting into the bone defect (20-80 mm), with 
the time needed for bone union being as short as 4 
months after grafting.
3) With this treatment technique, none of our pa-
tients suffered breakage of the locking plate.

We have received no funds for the investigation 
or treatment of the cases reported herein.
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