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Recombinant human bone morphogenetic

protein-2 for grade IIl open segmental tibial
fractures from combat injuries in Iraq

This is a retrospective consecutive case series of 138 Gustillo-Anderson type llIB and llIC
segmental tibial fractures treated at Walter Reed Army Medical Center in soldiers injured in
Iraq between March 2003 and March 2005, Five patients with a head injury and four who
were lost to follow-up were excluded. The patients were treated definitively with either a
ringed external fixator or a reamed intramedullary nail, evaluated in terms of supplementary
bone grafting with either autogenous bone (group 1, 67 patients) or recombinant human
bone morphogenetic protein-2 at 1.50 mg/ml applied to an absorbable collagen sponge

(group 2, 62 patients).

The mechanism of injury, defect size and classification, associated injuries, presence of
infection, preliminary treatment/fixation, number of procedures before definitive
management, time to and details of definitive management, subsequent infection,
re-operation, smoking history and other complications were noted. Radiographs were
assessed for union, delayed union or nenunion by an independent investigator.

All the patients were male. Their mean age was 26.6 years (20 to 42) and the mean follow-
up was for 15.6 months (12 to 32). Group 2 had a slightly higher profile of concomitant
injuries and a slightly worse fracture classification, but these were not significant.

The rate of union was 76% (51 of 67) for group 1 and 92% for group 2 (57 of 62; p = 0.015).
There was also a higher rate of subsequent infection in group 1 (14.9%) compared with
group 2.(3.2%; p = 0.001) and a higher rate of re-operation (28%) in group 1 (p=0.003). There
were no observed hypersensitivity reactions to the recombinant human bone

morphogenetic protein-2 implant.

In the recent war in Iraq, as in previous con-
flicts, injuries to the musculoskeletal system
account for more than 70% to 80% of inju-
ries.!!! In Iraq, penetrating injuries were more
frequently secondary to a blast effect from
incendiary explosive devices, ‘exploding ordi-
nance or makeshift artillery and landmines, as
opposed to gunshot wounds. Owing to the high
level of kinetic energy from these devices, there
is a large zone of injury, with severe soft-tissue
damage, massive bone loss and significant con-
tamination from dirt, clothing, fragmented mis-
siles and various other foreign materials.

The injuries include open tibial fractures,
which are widely regarded as having an
unacceptably high rate of delayed and non-
union, as well as significant morbidity, even in
non-military injuries.'*!* For Gustillo and
Anderson'* type III fractures, a delayed rate of
union as high as 43% to 100% has been
reported by various authors, but in modern
practice, this rate is probably somewhat
less. 121418 For wartime injuries, the rates may

be higher due to high-velocity and blast inju-
ries,% in which the area of i Injury is extensive
and often difficult to appreciate completely on
initial evaluation.

Throughout several past conflicts, although
improvements in medical evacuation have
resulted in a significant reduction in mortality
on the battlefield, there has been an accompa-
nying increase in morbidity. Soldiers with
multiple limb, and/or other injuries, are typi-
cally evacuated from the war zone through
fixed military hospitals. Initial assessment
and stabilisation, wound evaluation, debride-
ment, irrigation and stabilisation, generally
with an external fixator, are performed in the
war zone at a Combat Support Hospital or
equivalent. Evacuation is followed by trans-
port to the United States, typically within two
to ten days. General antibiotic prophylaxis is
continued routinely. Complete assessment of
the extent of injury and fracture characteris-
tics, mechanism of injury, soft-tissue viability
and degree of bacterial contamination is
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Table |. Tibial fracture classification and rate of union from combat injuries in Irag

Grade*
Patients with a Lost to Post-operative
Total B nc head injury follow-up  Union (%)"  infections (rate) (%)

Group 1

Autologous bone graft 73 62 (2) (1 3 3 51/67 (76)* 10 (14.9)%
Group 2

rhBwmp-2f 65 51 (2) 14 2 1 57/62 (92 2 (3.2)%
Total 138 113 (4) 25 (1} 5 4 108/129 (84 12 (9.3)

* includes patients with an injury in parentheses, who were not included in the analysis
t, does not include patients lost to follow-up or with a head injury

i, p=0.015
§, p=0.001
1 rhBMP-2, recombinant human bone morphogenetic protein-2

repeated at the tertiary hospital. Because of the delay, pre-
sentation can vary considerably.

With advances in medical and surgical treatment, severe
open fractures which hitherto were treated routinely by
amputation can be now managed using complex recon-
structive techniques.’?® The extent of injury and the
expectations of patients and society in general have acceler-
ated the use of emerging technologies such as recombinant
human bone morphogenetic protein-2 (rhBMP-2) (InFUSE,
Medtronic Sofamor Danek,;*Memphis, Tennessee) for
severe open tibial fractures. '

The purpose of this retrospective study was to compare
the management of Gustillo-Anderson type IIIB and IIIC
segmental tibial fractures from Iraq treated with autolo-
gous bone grafting or hBMP-2 in relation to subsequent
infection, reoperation and fracture union.

Patients and Methods

Between March 2003 and March 2005, 138 Gustilo-
Anderson type HIB and IIIC segmental tibial fractures in
138 soldiers returning from Iraq were treated at the Wal-
ter Reed Army Medical Centre. Five patients with a head
injury were excluded and four were lost to follow-up leav-
ing 129 patients in the study. All were male, with a mean
age of 26.6 years (20 to 42) and a mean follow-up of 15.6
months (12 to 32). The protocol was approved by the
Institutional Review Board and informed consent
was obtained from all patients for specific fracture man-
agement, including the off label use of rhBMP-2. Patients
were treated with a ringed fixator or reamed intramedul-
lary nail and evaluated retrospectively in terms of supple-
mentary bone grafting with autologous bone (67 patients,
group 1) or thBMP-2 (62 patients, group 2). Treatment
was determined by the attending surgeon on a case-by-
case basis (Table I). A segmental defect was considered
as greater than 50% circumferential bone loss more
than 1 cm. '
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The medical records, radiographs and wound photo-
graphs were reviewed in all cases to confirm fracture
grade and any associated neurovascular injury. Initial
operation records were reviewed to establish the Gustilo-
Anderson fracture grade. Demography also included the
mechanism of injury, defect size and classification, associ-
ated injuries, presence of infection, preliminary treatment/
fixation, number of procedures before definitive manage-
ment, time to and details of definitive management, smok-
ing history, subsequent infection, reoperation and other
complications.

Injury severity scoring, such as the Mangled Extremity
Score?! or the Sickness Impact Profile,?* was not routinely
used, as we found these not to be effective management tools..

Anteroposterior and lateral radiographs were classified
by an independent observer (ATG) as union or nonunion
(an absence of bridging bone), with delayed union at 12
months considered as nonunion.

Repeated debridement and irrigation was performed
routinely and there was a mean of 4.5 preliminary pro-
cedures (2 to 14), usually two to four days apart, before
definitive management. QOccasionally a particular wound
may initially require daily debridement. Antibiotic beads
and/or vacuum-assisted closure, a closed negative-
pressure system (Kinetic Concepts Incorporated, San
Antonio, Texas) for open wound management set at
50 mmHg to 75 mmHg continuous suction, were used
routinely.

The initial fracture management involved either a uni-
lateral external fixator (Hoffman II External Fixator,
Howmedica Stryker Osteonics, Allendale, New Jersey) or
splinting. Definitive management involved either a circu-
lar or hybrid external fixator, or a locked intramedullary
nail. The preferred site for autogenous bone graft was the
ipsilateral iliac crest. Soft-tissue cover, such as local fascio-
cutaneous flaps or muscle flaps and skin grafting, was per-
formed at the definitive operation (Table II) according to
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Table Il. Preliminary and definitive fracture fixation”

Group 1 {n = 67)

Group 2 (n = 62)

Preliminary fixation
Splint 1
External fixator 66

Definitive fixation

External fixator 13
Ringed external fixator 6
Intramedullary nail 48
Fasciocutaneous flaps 3
Pedicled muscle flaps 28

60

12
10
40

2
23

* does not include patients with head injury or those lost to follow-up

Blast, 68%
B Gunshot wound, 17%

Motor vehicle accident, 11%

Fall from a height, 4%

Fig. 1

Pie chart showing the mechanism of injury.

the overall condition of the patient, assessment of other
injuries and wound status. Antibiotic cover was generally
continued for 48 to 72 hours post-operatively.

rhBMP-2 was implanted on an absorbable type-I colla-
gen sponge (ACS, bovine tendo Achillis, Medtronic Sofa-
mor Danek), which delivers thBMP-2 and resorbs within
a reasonable time.?>! The intra-operative preparation of
the implant has been well described.?? The concentration
was 1.50 mg/ml, as recommended by the manufacturer,
with a total dose of 12 mg in all applications (one large
kit), except for one patient with a 12 cm segmental defect
in whom two large kits (24 mg) of thBMP-2 were used.
The ‘bulking agent’ varied from cancellous allograft bone
chips earlier in the war to a corticocancellous allograft
bone mixture (primarily a 70%:30% mix) as experience
was gained. Although it was agreed that there were no sig-
nificant differences between the techniques, it was
generally thought that the corticocancellous mixture

Fig. 2a Fig. 2b

Initial anteroposterior radiographs a) of a type HIB tibial
fracture in a 40-year-old man who sustained a gunshot
wound in Iraq and b) 36-weeks post-operatively showing
tibial union after bone grafting with corticocancellous
allograft and recombinant human bone morphogenetic
protein-2.

remodelled more slowly and so it became the preferred
technique.

If a drain was used, it was placed away from the rhBMP-2
to minimise any potential leaching. Vacuum-assisted clo-
sure was used routinely following local muscle flaps and
split-thickness skin grafts in both groups. It was left in place
for three to five days at 50 mmHg to 75 mmHg with eleva-
tion of the leg and non-weight-bearing. After this, weight-
bearing was determined according to the stability of the
fracture and the type of fixation. Patients with external
fixators were allowed partial weight-bearing, and those
with ringed fixators or intramedullary nails were able to
bear weight as tolerated. Radiographs were taken routinely
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Patients who had further surgery (%) Additional procedures p-value
Group
1{n=67) 19 {28) 37 0.003
2{n=62) 5(8) 6
Total (n = 129) 24 (19) 43

at two weeks, six weeks, three months, six months and 12
months post-operatively when possible.

Standard demographic statistics and means were deter-
mined and comparisons between groups evaluated with a
chi-squared test.

Results

The groups were equivalent in terms of age (group 1: mean
25.7 years, (20 to 39); group 2: mean 26.8 years, 20 to 42},
mechanism of injury (Fig. 1) and defect size. In terms of
infection or positive wound culture on arrival at the tertiary
centre, the overall infection or severe colonisation rate was
69%, and there were no differences between the groups. At
the beginning of the conflict, all wounds were cultured
repeatedly; however, this policy changed because it was not
proven as a definitive management tool. Nevertheless, inter-
nal fixation was not undertaken unless the clinical appear-
ance of the wound and cultures indicated that the
environment was free of infeetion.

There was no statistically significant difference between
the groups in terms of initial or definitive fixation, or soft-tis-
sue management (p > 0.05, Table II). The number of opera-
tions before definitive fixation varied greatly between two
and 14 but did not differ between the groups. A total of 14
patients {11%) were smokers, eight in group 1 and six in
group 2, which was not significant. Although three of eight
smokers (38%) in group 1 and three of six (50%) in group 2
were considered to have a nonunion, the numbers were too
small for statistical analysis. '

Group 2 had more concomitant injuries and a slightly
worse fracture classification but these were not significant (p
> 0.05). There were no clinically apparent hypersensitivity
reactions to rhBMP-2.

There were 51 pedicled muscle flaps and five fasciocutane-
ous flaps (equally divided between the two groups), none of
which failed, although six required dressing changes for
minor edge necrosis. No patient required amputation
secondary to chronic infection or nonunion.

On radiological analysis, the rate of union was 76% for
group 1 (51 of 67) for group 1 and 92% for group 2 (57 of
62, p = 0.015, Fig. 2). If those lost to follow-up were ana-
lysed on a worst-case scenario or intention-to-treat basis, the
rate of union would be 73% (51 of 70) for group 1 and 90%
(57 of 64) for group 2 (p = 0.014). Also, there was a higher
rate of subsequent infection in group 1 (ten patients, 14.9%;
three infected nonunions) than in group 2 (two patients,
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3.2%; one infected nonunion, p = 0.001). Repeated debride-
ment was required in all cases and repeated procedures in
several patients. Consequently, 19 of 67 patients (28%) in
group 1 (37 procedures) and five of 62 patients (§%) in
group 2 required an additional procedure (six procedures, p
=0.003). This is equivalent to 0.55 additional procedures per
patient in group 1 and 0.10 in group 2 (Table III).

Discussion

As ever, open tibial fractures sustained in wartime remain a
complex and challenging problem. Our general approach
to all of these fractures included aggressive and repeated
debridement and irrigation to establish a. clean, stable
wound suitable for stabilisation with imstrumentation,
bone grafting and soft-tissue defect management as needed.

This retrospective consecutive case series is the largest
reported. Owing to the consistency of the evacuation sys-
tem and the large number of patients at a single institution,
it provides an excellent means of evaluating the effective-
ness of thBMP-2. Although treatment was determined by
the attending surgeon, the two groups are equivalent in
terms of demography, mechanism of injury, defect size and
classification, concomitant injuries, presence of infection/
positive wound culture, preliminary treatment/fixation,
number of procedures before definitive management, time
to definitive management and details thereof, soft-tissue
management and smoking history.

Whereas previous studies of tibial fractures variably
report significant delays in healing and overall lower
union rates than in other long bones, improved results are
reported with aggressive soft-tissue management and the
use of intramedullary fixation when possible,!”-31-34
which has also been our standard approach.

The overall rate of union of 84% is consistent with sim-
ilar previously reported series of type III fractures.’3%
However, those primarily included type HIB fractures and
the injury profile in this series is slightly more severe
owing to our inclusion of type IIIC fractures. Even so, the
92% rate of union in group 2 patients is a striking finding,
as was a much lower infection rate. The reported infection
rate in type III fractures is generally reported to be
between 14% and 20%.17°%% Our overall infection rate
of 9.3% is slightly lower, and very similar for group 1
(14.9%). This acceptable rate is probably due to the care-
ful, repeat debridements before definitive treatment.
However, group 2 had a strikingly lower infection rate
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(3.2%), which we believe is directly attributable to
rhBMP-2, one of its properties being angiogenesis. This
ability to increase the vascularity of the injury site is most
likely the major difference in our series, but this does not
imply that meticulous debridement is not necessary.

This series is not ideal, as it is a retrospective review of a
series of various open tibial fractures. However, in this set-
ting, a prospective randomised trial might be considered to
be unethical and impossible because of multiple confound-
ing variables. In the circumstances, as each soldier was
treated using similar algorithms in the evacuation, initial
care and subsequent management of these injuries, we
believe it is a good method of reviewing the clinical use of
advanced bone grafting technologies.

Every publication or discussion on emerging technolo-
gies centres on the additional cost of such intervention. In
this series, all care was given at a United States military hos-
pital, and therefore, pre-certification -and insurance
reimbursement are not foremost, especially in the care of
wounded soldiers. Nevertheless, there is a compelling argu-
ment for the continued use of such technologies, as the pri-
mary outcome measures of union, rate of infection, and
reoperation were all improved with thBMP-2. These results
should therefore be considered in the management of simi-
lar non-combat injuries but a cost-benefit analysis was
beyond the cope of this study.

In conclusion, the use of rhBMP-2 for Gustilo-Anderson
type IIIB and IIIC segmental tibial fractures in soldiers from
Iraq resulted in an improved rate 6f union, a reduced rate of
infection, and a subsequent 28% decrease in the rate of
reoperation.

Supplementary Material

XE¥ A further opinion by Mr G. Bowyer is available with
the electronic version of this article on our website at
www.jbjs.org.uk

The authors are or were employees of the United States government. This work
was performed as part of their official duties; therefore, this-work cannot be
copyrighted and is considered to be in the public domain. The opinions con-
tained herein are the personal views of the authors and are not to be construed
as official or as representing the Department of Defense.
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