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Abstract

Introduction Treatment of war wounds is based on a sequential surgical strategy, which frequently faces therapeutic failures,
which then burden the final functional result. The aim of this study was to identify risk factors of failure of the different treatments
to prevent the therapeutic failure.

Methods A monocentric case—control study was done on French war-wounded soldiers treated for an open fracture caused by an
invasive war weapon. The primary end point was the treatment failure three months after the injury. The risk factors of failure
studied were the traumatic mechanism, the general and local lesional assessment, and the surgery performed.

Results Between January 1, 2004 and December 31, 2016, 57 soldiers were included, with an average follow-up of 3.42 years.
On 81 limb segments studied, the most injured segment was the leg (37.0%). A vital or urgent surgery requirement (OR = 1.56;
p=0.02) and bone loss substance (OR =5.45; CI95% = 1.54-20.09) were risk factors of failure for limb salvage treatment.
Improvised explosive device traumatic mechanism (OR = 1.56; p = 0.02) and the persistence of surgical site contamination after
two debridement procedures (OR = 1.20; p = 0.04) were risk factors of failure for amputation procedures.

Conclusions Two main risk factors of treatment failure are highlighted: those in relation to traumatic mechanisms and general
lesional assessment and those in relation to surgical site conditions. There is no over risk of failure in relation to surgical
procedure and treatment.

Keywords War-wound - Open fracture - Risk factor of failure - Combat-related injury

Introduction War-related injury (gunshot wound—GSW, explosion,
blast) is a high-energy traumatism, which causes multiple
The therapeutic coverage of the servicemen in war context  tissue damage, injuring soft tissues, bone, and periosteum.

rests on three fundamental pillars, ranked in this order: It is frequently associated with injuries to other organs.
With regard to open fractures, environmental conditions
* To save the life are conducive to a high contamination of wound and an
* To save the limb increase of the infectious risk. The combination of these
* To preserve or to restore the function of the limb. parameters renders wound management and the definitive
care more complex and jeopardizes the final functional

result.
Limb salvage and amputation are both based on a se-
54 Antoine Grosset quential surgical strategy. They face therapeutic failures in
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burden the final functional result [1, 2]. An objective
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The aim of this study was to identify risk factors of failures
of initial treatment, conservative or radical, provided for open
war wound limb injuries.

Methods

A retrospective observational case—control study was
done on French war-wounded, who had surgery for an
open fracture at Percy’s Military Teaching Hospital
(MTH), between January 1, 2004 and December 31, 2016.

Patients with at least one open fracture occurring by an
invasive war weapon were included. The secondarily
open fractures (due to fasciotomy) were also studied.
Isolated soft tissues injuries, closed fractures, and non-
combat related injuries were excluded.

The minimum follow-up needed was 12 months.

The primary end point was the treatment failure three
months after the injury. Sequential treatment strategy
(Fig. 1), described by Rigal [1, 3, 4], was taken as reference
for the treatment. All surgical procedures done within the three
first months were considered as initial treatment. Any surgical
procedure done three months after the traumatism was consid-
ered a therapeutic failure. Two groups were set up, one with-
out any therapeutic failure, and the other group concerned
with all therapeutic failures.

Reflective
and
Reasonable
decision

Primary
amputation

Fig. 1 Sequential treatment strategy
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The risk factors of failure studied were the following: a
New Injury Severity Score (NISS) [5] upwards to 16, the
mechanism injury (improvised explosive device—IED,
mortar or rocket, GSW), a number of iterative debride-
ment procedures upper to two, the necessity for a life-
saving or urgent surgery, the necessity of a soft tissue
repair procedure, the bone loss attendance, the persistence
of wound contamination after the second debridement
procedure, the use of an external fixator as definitive
treatment, and a local nervous or vascular injury
associated.

Three kinds of failures were analysed: infection, non-
union, and pain or joint stiffness for the limb salvage;
infection, neuroma or pain, and prosthetic fitting default
for amputation. Non-union was defined on radiological
criteria. Infection included all of bone and joint infection,
which required a surgical debridement and shaving proce-
dure associated to an antibiotic delivery. The treatment
was considered a failure for joint stiffness when a surgical
procedure (arthrolysis or arthrodesis) was performed.
Failures due to prosthetic fitting defaults included soft
tissues surface finishing, problems with muscles balance,
and skin trophic disorders.

Hand, ankle, and foot injuries were excluded from
the study, as they are specific injuries.

The data collected were treated in accordance with
the reference methodology MR 003, according to the
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requirements of the French National Commission for
Information Technology and Civil Liberties.

The data were collected using Excel (Microsoft®
Office 2010). StatalC® 15.1 (STATACORP LLC) soft-
ware was used for contingency table analysis. Potential
risk factors for therapeutic failure were examined through
univariable logistic regression model. Odds Ratios with
their interval with a 95% confidence were calculated for
each risk factor of failure studied. Risk factors with an
overall p value <0.05 were retained.

1127 evacuated for

limb injury

605 conservative
treatments

522 surgical
treatments

299 non war-related
injuries

223 war-related
injuries

139 soft-tissues
injuries

84 open fractures

27 patients excluded
(hand, foot, ankle and
pelvis fractures)

57 patients included

Fig. 2 Flow chart

Results

Between January 1, 2004 and December 31, 2016, 1127 ser-
vicemen were evacuated to Percy’s MTH for limb injury
(Fig. 2). Among them, 84 have been operated upon for a
combat-related open fracture, and 57 were included. The
mean follow-up was 3.42 years (range 1 to 11 years).

Patients were predominantly male (Table 1). The mean age
at the traumatism time was 29.8 years (range 20 to 52 years).
Most of them (30/57) came from the Middle East.

IED (29/57) was the most common cause of injury.

Out of 32 patients who had an associated injury of other
organ, 24 required a life-saving or urgent surgery. Median
NISS was 17 (range 4 to 59).

Most of the patients (36/57) had one limb segment injury.
Median number of limb segment injured was one per patient
(range 1 to 6 per patient). An overall of 81 injured limb seg-
ments were studied.

Forearm and leg injuries were the most frequent, regardless
of the treatment (Table 2). Amputations proceeded on the
upper limb were quasi-exclusively traumatic amputations,
which appeared on mine-clearing squad members.

Delayed amputation was performed on three patients who
had a severe leg injury which was not salvageable.

Table 1 Demographic data
Characteristic Population n =57
Sex, M/F 56/1
Mean age, years (range) 29.8 (20.4-52.4)
Median NISS (range) 17 (4-59)
Associated injuries, n (%) 31 (54.4)
ENT 17 (31.5)
Abdomen 10 (17.5)
Neurosurgical 9 (15.8)
Thorax 7(12.3)
Vascular 7(12.3)
Burn 3(5.3)
Eyes 3(5.3)
More than 2 limbs injured, n (%) 21 (36.8)
Evacuation origin, n (%)
Middle East 30 (52.6)
Africa 25 (43.9)
Europe 2(3.5)
Injury mechanism, »n (%)
IED 29 (50.9)
Mortar/rocket 15 (26.3)
GSW 13 (22.8)

NISS New Injury Severity Score, GSW gunshot wound, /ED improvised
explosive device
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Table2 Limb segment management

Upper limb Lower limb

Arm Elbow Forearm Wrist Hip Femur Knee Leg
Lesion, n (%) 7 (8.6) 6(7.4) 12 (14.8) 7 (8.6) 3(3.7) 9 (11.1) 7 (8.6) 30 (37.0)
Limb salvage IT, n 7 6 7 5 3 8 7 21
Amput. IT, n 0 0 5 2 0 1 0 9
Delayed amput., n 0 0 0 0 0 0 0 3
Limb salvage DT, n 7 6 7 5 3 8 7 18
Ext. Fix., n (%) 4(57.1) 1(16.7) 1(14.3) 1 (20.0) 0 3(37.5) 4(57.1) 14 (77.8)
Int. Fix., n (%) 3(42.9) 5(83.3) 6 (85.7) 4 (80.0) 3 (100) 5(62.5) 3(42.9) 4(22.2)
Flap, n (%) 0 0 0 0 0 0 0 4(22.2)
Tact. B.G., n (%) 0 0 1(14.3) 0 0 0 0 6(33.3)
Ind. Memb, 7 (%) 0 0 1(14.3) 0 0 1(12.5) 0 2 (11.1)
Contamin., n (%) 4 (57.1) 2(33.3) 3(42.9) 2 (40.0) 1(33.3) 6 (75.0) 5(71.4) 12 (66.7)
Debrid. >2, n (%) 3(42.9) 1(16.7) 4(57.1) 3 (60.0) 2 (66.7) 6 (75.0) 4(57.1) 15(83.3)
Vasc. inj., n (%) 2 (28.6) 1(16.7) 3(42.9) 1 (20.0) 0 1(12.5) 2 (28.6) 3 (16.7)
Nerve inj., n (%) 6(85.7) 2 (33.3) 4 (57.1) 2 (40.0) 1(33.3) 3 (37.5) 2 (28.6) 4(22.2)

IT initial treatment, amput. amputation, DT definitive treatment, Ext. Fix. external fixation, /nt. Fix. internal fixation, Tact. B.G. tactical bone graft, Ind.
Memb. induced membrane, Contamin. contamination, Debrid > 2 more than two debridement procedures, Vasc. vascular, inj. injuries

The use of external fixation as definitive osteosynthesis
was significantly associated with the persistence of wound
contamination after the second debridement procedure and
one of those parameters: NISS upper 16, bone loss, skin loss,
and necessity of over than two debridement procedures (y* =
10.54, p=0.0012).

Definitive external fixation was the most common
technique used for tibia fractures (Fig. 3), and the use
of definitive internal fixation was most frequent for up-
per limb and femur fractures. All being well, flaps were
only used in the case of leg injuries.

Pain or joint stiffness was the main cause of limb salvage
failure (21%), followed by non-union (15%) and infectious
(7%) failures.

On the lower limb, the most common complication
was pain or joint stiffness. There was no infectious fail-
ure in the upper limb fractures’ treatment.

There was significant difference in treatment failure
neither between diaphyseal and metaphyso-epiphyseal
fractures nor between upper and lower limb fractures.

There was no failure for treatment of forearm frac-
tures. There was no significant difference in salvage
failure between humeral and forearm fractures, neither
between elbow and wrist fractures.

There were statistically more salvage failures due to
non-union in leg fractures than in femur fractures
(27.8% versus 0; p=0.05).

@ Springer

There was no salvage failure due to non-union in lower
limb metaphyso-epiphyseal fractures.

There was no symptomatic neuroma in patients am-
putated. Amputations were successful in 75% of cases
(Fig. 4). The main cause of failure was infection (15%),
followed by prosthetic fitting default (10%).

There was no failure for traumatic amputation or sur-
gical amputation in upper limb. There was no prosthetic
fitting default for surgical amputations.

Mortar and rocket injury mechanism was not a risk
factor of failure (Table 3). IED injury mechanism was a
risk factor of failure of salvaging diaphyseal fractures.
The need for life-saving or urgent surgery of a patient
having an open fracture was a risk factor of failure to
salvage limbs, especially in the case of lower limbs and
diaphyseal fractures.

The use of an external fixation as definitive
osteosynthesis was a risk factor in the failure to salvage
limbs, especially for lower limb, diaphyseal fractures,
and metaphyso-epiphyseal fractures (Table 4).

The persistence of wound contamination after the
second debridement and the necessity of a soft tissue
repair procedure were risk factors of failure to salvage
the limb.

Bone loss was a risk factor in failing to salvage limb,
particularly for lower limbs, and diaphyseal and
metaphyso-epiphyseal fractures.
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Fig. 3 Case report no. 1. Patient repatriated from Mali, suffering from a
compartment syndrome after a leg closed fracture following an IED
injury and forefoot closed fractures. a, b DCO procedure done at role 2:
external fixation and fasciotomy. ¢, d External fixation modification and

IED injury mechanism and persistence of wound con-
tamination after the second debridement were risk fac-
tors of amputation failure (Table 5).

Discussion

Patient’s demographic data are representative of servicemen
deployed on war theatres. They are usually young men, with-
out any comorbidity, hence why the medical histories, which
were non-discriminating, were not studied.

The use of IED, car bombs and human bombers, by enemy
forces, causes multiple organ injuries. Injury mechanism re-
partition is similar to British and American studies. During
Operation Iraqi Freedom and Operation Enduring Freedom,
part of injuries due to cluster weapons was estimated to 60%
by Chandler et al. [6] versus 23% for injuries due to GSW.

The use of cluster weapons explains the frequency of asso-
ciated non-orthopedic injuries. The ENT lesion, by eardrum
perforation, is the most frequent lesion, but it is only seen with
a blast lesion. Vital organs and hollow organ-associated

progressive closure of fasciotomy with split skin grafting done at role 4. A
tactical bone graft was realized 2 months after the injury (inter tibiofibular
bone grafting). e X-rays results at 9 months; the patient has returned to
sport after metatarsophalangeal arthrodesis of the hallux

injuries, which require urgent surgery, and burn-associated
injuries complicate and delay the orthopaedic management.
The median NISS value underlines the gravity of the inju-
ries sustained by the wounded: indeed, it is higher that British
and Americans series. Penn-Barwell et al. [7] have found a
median NISS at 12 (range 4 to 48) for GSW injured who
survived and ten wounded with NISS at 75. In Ramasamy
et al.’s [8] series, NISS’s IED wounded is distributed in two
parts: one part for lower serious war wounded with NISS value
lower than 4 and the second part for NISS’s war wounded
greater than 14. The first part concerns war wounded with
isolated orthopaedic injury, which can be quickly managed,
without delay, whereas war wounded with a NISS value greater
than 14 have usually an associated vital injury, requiring an
urgent surgery life-saving procedure. Orthopaedic manage-
ment takes a back seat. For that reason, orthopaedic procedures
for war-related limb injuries differ from orthopaedic procedures
under poor conditions, and results could not be compared [9].
Management procedures for limb injuries are based on se-
quential surgical strategies used for complex hand injuries in a
war context [10]. Initial management of open war wound frac-
tures requires DCO procedures, which is enforced for every
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Fig.4 Case report no. 2. Patient repatriated from Middle East after rocket
explosion, who suffered from a traumatic left femur amputation, an open
fracture on right femur, and a closed fracture of tibial plateau complicated
of lower limb ischemia. a DCO procedure was done at role 2: external
fixation, prophylactic fasciotomy after revascularization attempt, and
debridement of the right thigh. The patient is repatriated to role 4 with
left thigh amputation left open. b—d Sequential surgical procedure done in

patient in the study. This management is facilitated with a role
two deployed near combat zones. It is essential to consider
evacuation delays in combat theatres, in order to reduce infec-
tious risk and tissue ischemia duration. NATO recommends an
evacuation delay inferior to 90 minutes. Though this figure was
improved upon during Operation Enduring Freedom (mean 60
minutes) [11], geographical constraints and role two repartition
in Sahelo-Saharan war theatres make enforcing these delays
difficult today. Dubost et al. [12] have evaluated the mean evac-
uation delay from combat zone to role two to 390 minutes on
Malian territory and 120 minutes in Central Africa.

Despite this constraint, the salvaging of the limb is the
priority of the initial management. Urgent life-saving amputa-
tions are performed the most distal as possible. In this series,
the three delayed amputations show how the decision to am-
putate is taken after repatriation in role four in France away
from the war theatre and the confusion and doubt that charac-
terize it. Surgical indications for limb amputation were not

@ Springer

role 4 in France, modification of the external fixation, disarticulation of
the right knee due to irreversible ischemic injuries on the leg, and delayed
closure of the left thigh amputation. e Modification of the amputation,
according to Gritti’s amputation procedure, and tactical bone graft on the
femur, performed during the 3 months following the traumatism. f X-rays
results on the right side. No revision surgery was needed afterwards; the
patient had returned to sport 9 months after the traumatism

performed using a mangled score such as New Ganga Score
or Mangled Extremity Severity Score, but they were always
the subject of discussion between two experienced surgeons.

Traumatic amputation and urgent life-saving amputation
rates are higher than Chandler et al.’s series (11%; [6]) and
Owens et al.’s series (4%; [13]). The population studied ex-
plains this difference. Only open fractures were studied, and
NISS’s wounded is higher. Penn-Barwell et al. [14] show that
NISS is associated to traumatic amputation and urgent life-
saving amputation risk and also associated to surgery recovery
on the first days.

In this context of high-energy injuries, external fixation is
the most used method to achieve definitive osteosynthesis, for
upper and lower limb injuries. Lerner et al. [15] have raised a
9% non-union rate in their study and a 6.3% infection rate.
However, Ware et al. [16] had shown long-term results have a
rather more bleak outlook, with a median SF-26 score at 46.4
for chronic pain (versus 73.39 in the general population) and
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Table 3 General risk factors of
salvage failure Factors Failure, n (%) No failure, 1 (%) OR (IC 95%) p
Mortar/rocket
All limb 2(7.7) 10 (28.6) 0.21 (0.02-1.15) 0.04
Diaphysis 0 5(28.8) 0 (0-1.01) 0.05
GSW
All limb 6(23.1) 8(22.9) 1.01 (0.25-3.95) NS
Epiphysis 4 (40.0) 0 1.53 0.02
IED
All limb 18 (69.2) 17 (48.6) 2.38 (0.73-8.02) NS
Diaphysis 14 (87.5) 11 (45.8) 8.27 (1.34-86.09) 0.008
Upper than 2 limbs injured
All limb 14 (53.9) 12 (34.3) 2.24 (0.70-7.19) NS
Lower limb 10 (55.6) 4(22.2) 4.38 (0.85-24.85) 0.04
NISS > 16
All limb 20 (76.9) 20 (57.1) 2.5(0.72-9.42) NS
Lower limb 14 (77.8) 8 (44.4) 4.37 (0.85-24.85) 0.04
Life-saving or urgent surgery needed
All limb 17 (65.4) 12 (34.3) 3.6 (1.10-12.12) 0.02
Lower limb 14 (77.8) 3(16.7) 17.5 (2.69-131.83) 0.0002
Diaphysis 12 (75.0) 8(33.3) 6 (1.23-32.72) 0.0098

GSW gunshot wound, /ED improvised explosive device, NISS New Injury Severity Score, OR odds ratio, IC
interval of confidence, NS not significant

52.4 for physical limitations in daily activities (versus 81.21 in
the general population). The number of revision operations
associated with these problems was not studied.

Part of infectious failure is similar to that of Murray et al.
[17], which describe an infectious rate included between 2 and
15%. While Murray et al. [17] advise a transition from exter-
nal fixation to external hybrid or circular fixation for
metaphyso-epiphyseal fracture treatment to prevent infec-
tions, Horst et al. [18] propose two algorithms to turn external
fixation into internal fixation. The transition depends on
wound contamination and the implantation time of the exter-
nal fixation. Respecting this rule, the transition from external
fixation to internal fixation does not involve more infectious
failure. This surgery is usually used for forearm fractures and
joint factures treatment, with the aim of reducing pain and
joint stiffness.

Results for upper limb and femur fractures salvage are sat-
isfying: no infection case, only 32% of failure at three months
for upper limb fractures treatment, and only 37.5% of failure
for femur fractures treatment. These results are explained by
the lack of flap use and a lesser infectious risk.

Results of debridement of traumatic and surgical amputa-
tions are satisfying. No failure was observed for upper limb
amputations. Failures related to prosthetic fitting and infec-
tious failures are attributable to lower limb amputations, but
they remain low. Tintle et al. [19] recorded in their series an
infectious rate of 27%, a prosthetic bracing default rate of
42%, and a neuroma rate of 11%. Forty percent of these

complications required a revision surgery 70 days after the
first amputation surgery. Delayed primary closure of traumatic
and surgical amputations performed on the field is effective
[20].

For limb salvage, two kinds of risk factors of failure are
highlighted:

* General risk factors related to patient’s general health or
injury mechanism

* Local risk factors related to wound’s local injury or sur-
gery provided

IED mechanisms increase the risk of failure for salvaging
diaphyseal fractures. Ramasamy et al. [8] showed a higher
complication rate in IED injuries, with a 42% infectious rate,
22% non-union rate, and 33% post-traumatic arthritis.

The need of a life-saving or urgent surgery is a risk factor of
failure to salvage limbs. The number of injured segments is a
risk factor of salvage failure for lower limb fractures.

The necessity to repair soft tissue and reconstruct lost bone
is a local risk factor of failure. They require a longer and more
complex reconstructive management. Neuropathic pain,
chronic infection, the wish for an improved function of the
limb, and the reluctance of patients for a long and complex
treatment are influencing factors for a late resignation ampu-
tation [21].

The use of external fixation appears as a risk factor of
failure of open combat—related fractures. However, this result
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Table 4 Local risk factors of

salvage failure Factors Failure, n (%) No failure, n (%) OR (IC 95%) p

Vascular injury

All limb 5(19.2) 8(22.9) 0.80 (0.18-3.28) NS
Nervous injury

All limb 10 (40.0) 14 (40.0) 1.0 (0.31-3.21) NS
Upper than 2 debridement procedures

All limb 17 (65.4) 21 (60.0) 1.26 (0.39-4.16) NS
External fixation

All limb 20 (76.9) 8(22.9) 11.25 (2.94-45.28) >0.001

Lower limb 16 (88.9) 5(27.8) 20.8 (2.85-225.28) >0.001

Diaphysis 14 (87.5) 8(33.3) 14 (2.18-145.27) >0.001

Epiphysis 6 (60.0) 0 3.27 0.002
Persistence of wound contamination after the second debridement

All limb 18 (69.2) 17 (48.6) 2.38(0.73-8.03) NS

Lower limb 15(83.3) 9 (50.0) 5(0.88-34.77) 0.03

Diaphysis 13 (81.3) 12 (50.0) 4.33 (0.83-28.75) 0.05
Soft tissue repair procedure

All limb 5(19.2) 129 8.10 (0.80-393.80) 0.03

Diaphysis 5(31.3) 1(4.2) 10.45 (0.94-515.28) 0.02
Bone loss

All limb 15 (57.7) 7 (20.0) 5.45 (1.54-20.09) 0.002

Lower limb 11 (61.1) 4(222) 5.5 (1.06-31.53) 0.018

Diaphysis 12 (75.0) 7(29.2) 7.29 (1.45-40.44) 0.005

Epiphysis 3 (30.0) 0 1.003 0.05

OR o0dds ratio, IC interval of confidence

is biased: the most severe fractures are more often treated with
external fixation. The extension of the damage does not allow
the selection of the best position for the pin insertion, and the
mobilization is delayed. The combination of the persistence of
wound contamination after the second debridement procedure
with very poor general health or severe local wound parame-
ters is a risk factor of failure of in trying to salvage limbs
damaged by combat-related open fractures.

The number of serial debridements does not seem to be a
risk factor of failure nor a protective factor with regard to

salvaging limbs. Associated to antibiotherapy, it reduces
wound contamination, which is an infectious risk [17, 22];
therefore, debridement would be a protective factor. But the
aggressiveness of this procedure could increase the risk of
non-union or pain. This study does not enable to highlight

the increased risk of failure related to non-union or pain.
This study has limits. Its retrospective characteristic limits

the power of the study and the statistical analysis.
Confusion bias could exist in the description of the three

principle failures. They are similar and are muddled. They are

Table 5 Risk factors for amputation failure

Factors Failure, n (%) No failure, n (%) OR (IC 95%) p
Mortar/rocket 0 9 (60.0) 0 (0-0.64) 0.02
GSW 0 0 / /
IED 5 (100) 6 (40.0) 1.56 0.02
NISS > 16 5 (100) 14 (93.3) 0 NS
Life-saving or urgent surgery 2 (40.0) 8 (53.3) 0.58 (0.04-6.94) NS
Upper than 2 injured limbs 0 3(20.0) 0 (0-3.90) NS
Upper than 2 debridement procedures 5(100) 10 (66.7) 0.52 NS
Persistence of wound contamination after the second debridement 5 (100) 7 (46.7) 1.20 0.04
Soft tissue repair procedure 2 (40.0) 4(26.7) 1.83 (0.11-22.88) NS

GSW gunshot wound, /ED improvised explosive device, NISS New Injury Severity Score, OR odds ratio, /C interval of confidence, NS not significant
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defined by clinical exam and with biological, radiological, or
microbiological exams.

The patient’s follow-up is time-limited, and long-term fu-
ture is unknown. Evaluation of residual disability is impossi-
ble. Reentrance into society and occupational reintegration
necessitates not only a functional musculoskeletal system
but also wound acceptance, viewable or not. Limb loss could
be harder to accept, which could explain the number of recov-
ery operations done before amputations, with the aim to save
the limb and give it a satisfactory function.

The end point chosen for the study could be debatable.
Procedures done three months after the injury are frequently
efforts of reconstruction. Wounded’s expectations on func-
tions recovery explain the choice of this three months limit
performed. The presence of joints stiffness in such injuries is
frequent, and there is a high incidence of amputation in affect-
ed limbs. The main goal in management of such patients is life
saving and limb preservation from amputation.

Conclusion

Two main risk factors of treatment failure are highlighted.
Those related to a patient’s general health (NISS, need of life
saving, or urgent surgery) and injury mechanism (IED) and
those related to local injury: bone loss and a combination of
the persistence of wound contamination after the second de-
bridement procedure with poor general health or severe local
wound parameters.

There is no over-risk of failure related to surgical
procedure.

The opinions or assertions contained herein are solely those
of the authors and do not necessary reflect the official policy
or position of the FMHS.

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

References

1. Rigal S, Mathieu L, de 1’ Escalopier N (2018) Temporary fixation of
limbs and pelvis. Orthop Traumatol Surg Res 104(1S):S81-S88.
https://doi.org/10.1016/j.0ts1.2017.03.032

2. Rigal S (2012) Extremity amputation: how to face challenging
problems in a precarious environment. Int Orthop 36(10):1989—
1993. https://doi.org/10.1007/s00264-012-1548-z

3. Murison JC, Rigal S, Niang CD (2015) Severe leg trauma in a
resource-poor environment: indications for amputation in emergen-
cies. Med Sante Trop 25(3):267-272. https://doi.org/10.1684/mst.
2015.0444

4. Mathieu L, Bazile F, Barthélémy R, Duhamel P, Rigal S (2011)
Damage control orthopaedics in the context of battlefield injuries:

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

the use of temporary external fixation on combat trauma soldiers.
Orthop Traumatol Surg Res 97(8):852—859. https://doi.org/10.
1016/j.0ts1.2011.05.014

Eid HO, Abu-Zidan FM (2015) New Injury Severity Score is a
better predictor of mortality for blunt trauma patients than the
Injury Severity Score. World J Surg 39(1):165-171. https://doi.
org/10.1007/s00268-014-2745-2

Chandler H, MacLeod K, Penn-Barwell JG, Penn-Barwell JG,
Bennett PM, Fries CA et al (2017) Extremity injuries sustained
by the UK military in the Iraq and Afghanistan conflicts: 2003—
2014. Injury. 48(7):1439—1443. https://doi.org/10.1016/j.injury.
2017.05.022

Penn-Barwell JG, Sargeant ID, Severe Lower Extremity Combat
Trauma (SeLECT) Study Group (2016) Gun-shot injuries in UK
military casualties - features associated with wound severity. Injury
47(5):1067-1071. https://doi.org/10.1016/j.injury.2016.02.004
Ramasamy A, Harrisson SE, Clasper JC, Stewart MPM (2008)
Injuries from roadside improvised explosive devices. J Trauma
65(4):910-914. https://doi.org/10.1097/TA.0b013e3181848cf6
Zheng W, Hu Y, Xin H (2016) Successful implementation of thirty
five major orthopaedic procedures under poor conditions after the
two thousand and fifteen Nepal earthquake. Int Orthop 40(12):
2469-2477. https://doi.org/10.1007/s00264-016-3284-2

Choufani C, Barbier O, Grosset A, Murison JC, Ollat D, Rigal S
etal (2017) Initial management of complex hand injuries in military
or austere environments: how to defer and prepare for definitive
repair? Int Orthop 41(9):1771-1775. https://doi.org/10.1007/
$00264-017-3439-9

Clarke JE, Davis PR (2012) Medical evacuation and triage of com-
bat casualties in Helmand Province, Afghanistan: October 2010—
April 2011. Mil Med 177(11):1261-1266. https://doi.org/10.7205/
MILMED-D-11-00120

Dubost C, Goudard Y, Soucanye de Landevoisin E, Contargyris C,
Evans D, Pauleau G (2016) Combat casualties from two current
conflicts with the Seventh French Forward Surgical Team in Mali
and Central African Republic in 2014. J R Army Med Corps
162(6):450-455. https://doi.org/10.1136/jramc-2015-000557
Owens BD, Kragh JF, Macaitis J, Svoboda SJ, Wenke JC (2007)
Characterization of extremity wounds in Operation Iraqi Freedom
and Operation Enduring Freedom. J Orthop Trauma 21(4):254—
257. https://doi.org/10.1097/BOT.0b013e3180278b
Penn-Barwell JG, Bennett PM, Kay A, Sargeant ID, Severe Lower
Extremity Combat Trauma (SeLECT) Study Group (2014) Acute
bilateral leg amputation following combat injury in UK servicemen.
Injury. 45(7):1105-1110. https://doi.org/10.1016/j.injury.2014.01.
025

Lerner A, Fodor L, Soudry M (2006) Is staged external fixation a
valuable strategy for war injuries to the limbs? Clin Orthop 448:
217-224. https://doi.org/10.1097/01.bl0.0000214411.60722.18
Ware JE, Sherbourne CD (1992) The MOS 36-item short-form
health survey (SF-36). I. Conceptual framework and item selection.
Med Care 30(6):473-483

Murray CK, Hsu JR, Solomkin JS, Keeling JJ, Andersen RC, Ficke
JR et al (2008) Prevention and management of infections associated
with combat-related extremity injuries. J Trauma 64(3 Suppl):
S239-S251. https://doi.org/10.1097/TA.0b013e318163cd 14

Horst K, Andruszkow H, Weber C, Dienstknecht T, Hildebrand F,
Tarkin I et al (2015) Standards of external fixation in prolonged
applications to allow safe conversion to definitive extremity sur-
gery: the Aachen algorithm for acute ex fix conversion. Injury
46(Suppl 3):S13-S18. https://doi.org/10.1016/S0020-1383(15)
30005-X

Tintle SM, Shawen SB, Forsberg JA, Gajewski DA, Keeling JJ,
Andersen RC et al (2014) Reoperation after combat-related major
lower extremity amputations. J Orthop Trauma 28(4):232-237.
https://doi.org/10.1097/BOT.0b013e3182a53130

@ Springer


https://doi.org/10.1016/j.otsr.2017.03.032
https://doi.org/10.1007/s00264-012-1548-z
https://doi.org/10.1684/mst.2015.0444
https://doi.org/10.1684/mst.2015.0444
https://doi.org/10.1016/j.otsr.2011.05.014
https://doi.org/10.1016/j.otsr.2011.05.014
https://doi.org/10.1007/s00268-014-2745-2
https://doi.org/10.1007/s00268-014-2745-2
https://doi.org/10.1016/j.injury.2017.05.022
https://doi.org/10.1016/j.injury.2017.05.022
https://doi.org/10.1016/j.injury.2016.02.004
https://doi.org/10.1097/TA.0b013e3181848cf6
https://doi.org/10.1007/s00264-016-3284-2
https://doi.org/10.1007/s00264-017-3439-9
https://doi.org/10.1007/s00264-017-3439-9
https://doi.org/10.7205/MILMED-D-11-00120
https://doi.org/10.7205/MILMED-D-11-00120
https://doi.org/10.1136/jramc-2015-000557
https://doi.org/10.1097/BOT.0b013e31802f78fb
https://doi.org/10.1016/j.injury.2014.01.025
https://doi.org/10.1016/j.injury.2014.01.025
https://doi.org/10.1097/01.blo.0000214411.60722.f8
https://doi.org/10.1097/TA.0b013e318163cd14
https://doi.org/10.1016/S0020-1383(15)30005-X
https://doi.org/10.1016/S0020-1383(15)30005-X
https://doi.org/10.1097/BOT.0b013e3182a53130

2680

International Orthopaedics (SICOT) (2019) 43:2671-2680

20.

21.

Mathieu L, Marty A, Ramaki A, Najib A, Ahmadzai W, Fugazzotto
DJ etal (2014) Current issues with lower extremity amputations in a
country at war: experience from the National Military Hospital of
Kabul. Eur J Trauma Emerg Surg 40(3):387-393. https://doi.org/
10.1007/500068-013-0334-y

Covey DC (2015) Conversion from limb salvage to late amputa-
tion: lessons learned from recent battlefields with application to
civilian trauma. J Surg Orthop Adv 24(3):170-173

@ Springer

22.

Murray CK, Wilkins K, Molter NC, Li F, Yu L, Spott MA et al
(2011) Infections complicating the care of combat casualties during
operations Iraqi Freedom and Enduring Freedom. J Trauma 71(1
Suppl):S62-S73. https://doi.org/10.1097/TA.0b013e3182218c99

Publisher's note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.


https://doi.org/10.1007/s00068-013-0334-y
https://doi.org/10.1007/s00068-013-0334-y
https://doi.org/10.1097/TA.0b013e3182218c99

	Risk factors and failures in the management of limb injuries in combat casualties
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Methods
	Results
	Discussion
	Conclusion
	References


