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Abstract
Aim To analyze the functional outcomes between limb salvage and amputation patients who had multiple open injuries in 
the same lower limb.
Materials and Methods This observational study analyzed 21 patients who were admitted with multiple open injuries in the 
same lower limb between January 2012 and December 2015 in our unit. Twelve patients underwent limb salvage and nine 
patients underwent amputation. The total number of surgeries, duration of hospital stays, ICU admission, complications, time 
to return to work and costs of inpatient treatment were analyzed. The functional outcome was assessed by using the lower 
extremity functional scale (LEFS) in both groups, SF-12 score was done for both groups and amputation specific scoring 
was done by using locomotors capabilities index (LCI).
Results The LEFS was lower in salvage group than amputation group. The SF-12 score was close to normal population 
in the amputation group and was higher than salvage group. The duration of hospital stays, total number of surgeries and 
the costs of inpatient admission were higher in salvage group. The time to return to work was earlier in amputation group. 
Sixty-seven percentage of patients in the salvage group developed complications.
Conclusion The functional outcome and SF-12 score was better in amputation group. Patients who had amputation returned 
to work earlier, had smaller number of secondary hospitalization and has less complications and incurred less expenditure 
for treatment. The treatment decision should be periodically reviewed when an initial choice of salvage is made. Amputation 
must be looked at as a treatment for early rehabilitation.
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Introduction

The incidence of open lower limb injuries in India is higher 
than that in other countries due to factors such as larger 
number of motorcycles, absence of stringent traffic rule 

implementation, and public negligence [1–3]. The ideal 
treatment choice between amputation and salvage for 
patients with severe open lower limb injuries is debatable. 
Most of the literature pertaining to this problem is from 
developed countries [4–7].

The Indian scenario is vastly different from that in devel-
oped countries due to overcrowded and underfunded public 
hospitals. Although private healthcare is also available, it is 
expensive, and the cost of treatment must be borne by the 
patients.

Additionally, patients who have two major open inju-
ries to the same lower limb constitute another group. The 
therapeutic choice between limb salvage and amputation 
becomes more difficult when such patients are confronted 
in emergency services. Moreover, amputation is unaccep-
table among Indian population due to various cultural and 
social reasons.
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If it is technically feasible, some surgeons advocate 
reconstruction despite the cost, resulting in  situations 
where a patient must continuously undergo multiple recon-
structive surgeries for 3 years. The psychological trauma, 
and costs to the patient, society, and healthcare system in 
terms of time and finances are substantial.

The present observational study was thus conducted to 
compare the differences in outcome and morbidity between 
limb salvage and amputation in patients who have multiple 
open injuries in the same lower limb.

We attempted to answer the following questions.

 i. Does amputation lead to better functional outcomes?
 ii. Does amputation reduce the total number of surgeries, 

duration of hospital stays, cost, and complications?
 iii. Does amputation lead to an increased rate of return to 

work?

Materials and Methods

After institutional ethics clearance (IRB 11453), the pre-
sent observational study was conducted in 21 consecutive 
patients with at least two open injuries to the same lower 
limb who were admitted to our unit in this tertiary care 
center between January 2012 and December 2015. Ini-
tially, 29 patients were selected for the study. Of these, 
eight patients had severe crush injury where reconstruc-
tion was not possible. These patients underwent amputa-
tion and were excluded from the study. The remaining 21 
patients had two major high-energy open injuries in the 
same lower limb, where at least one of the fractures was a 
Gustilo–Anderson IIIB injury, and the other fracture was 
a Gustilo–Anderson IIIA or IIIB injury or a major soft 
tissue injury which required a flap cover. Among these 21 
patients, 18 patients had two open fractures in the same 
lower limb, whereas the other three had one open fracture 
and a major soft tissue injury at an additional site in the 
same lower limb. The soft tissue injury was considered 
major if it was around a joint and warranted soft tissue 
cover, or a degloving injury to the foot with heel pad avul-
sion. The mangled extremity severity score (MESS) and 
Ganga Hospital Score was calculated for the leg fractures.

All the patients were evaluated by a multidisciplinary 
team on arrival, and resuscitation was initiated as per 
standard protocols. Of the 21 patients, 11 presented with 
a systolic blood pressure of less than 90 mmHg. After a 
thorough systemic secondary survey, the treatment plan 
was decided by the orthopedic consultant. A second opin-
ion was also obtained from another orthopedic surgeon 
confirming the decision.

Patients underwent surgery on an emergency basis, fol-
lowed by intensive care unit (ICU) admission, if required. 
Out of 21 patients, 12 had a limb salvage surgery, and nine 
underwent amputation as decided by the surgical team.

All patients who underwent limb salvage received 
wound wash, sterile dressings, and intravenous antibiotics, 
and their limbs were splinted in the emergency department. 
All fractures were classified using the AO Foundation/
Orthopedic Trauma Association (AO/OTA) classification, 
whereas the grade of open injuries was classified using 
the Gustilo–Anderson classification. The skeletal stabili-
zation was performed using an external fixator or internal 
fixation based on the contamination and severity of soft 
tissue injury decided by the operating surgeon. Further 
surgical procedures included soft tissue procedures such 
as re-debridement; skin graft; local flap cover; and bony 
procedures such as internal fixation, additional plating, 
and bone grafting, which were performed either during the 
same hospitalization or in subsequent admissions.

A total of three patients who underwent limb salvage 
initially had to be taken for a subsequent amputation 
within 4 days. In one patient, who was referred after ini-
tial resuscitation elsewhere and presented late (34 h with 
a vascular injury) with a type 2 limb ischemia (Ruther-
ford classification), limb salvage was attempted initially 
but later underwent above-knee amputation later due to 
persisting sepsis. In the second patient, who had an open 
femur and foot injury associated with compartment syn-
drome of leg, limb salvage was initially attempted but he 
later underwent above-knee amputation as a lifesaving 
measure in view of sepsis and subsequently expired due 
to multiorgan dysfunction. In a third patient, who had a 
crush injury of the foot with an open leg fracture, despite 
an initial attempt at limb salvage with debridement and 
external fixator application a below knee amputation was 
subsequently required in view of infection and an insen-
sate foot.

All the 12 patients in the salvage group required further 
surgeries during the same hospital stay, ranging from 2 
to 4 surgeries (Table 1). All patients underwent periodic 
clinical and radiological assessment, and standard reha-
bilitation procedures. In this group, ten patients required 
subsequent admission and surgeries later (Table 1).

For the purpose of analysis, the limb salvage and ampu-
tation group were studied separately. The three patients 
who underwent an initial attempt at salvage and later 
required amputation were included in the amputation 
group for analysis. The total number of surgeries, dura-
tion of hospital stays, ICU admission, complications, 
return to pre-injury work and inpatient treatment costs 
were analyzed.

The functional outcome was assessed using the lower 
extremity functional scale (LEFS). The physical and 
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mental health composite scoring SF 12 was calculated in 
both groups. Amputation functional scoring was assessed 
by locomotors capabilities index (LCI).

Results

The study group consisted of 18 males and three females. 
The modes of injury are presented in Table 2.

The average age of the study group was 37.5 years 
(range: 17–71 years). The average age of patients in the 
salvage group was 40 years (range: 17–71 years) and in 
the amputation group was 38 years (range 24–52 years). 
The average time of presentation post-injury to the emer-
gency services was 8 h (range: 1–48 h). The average time 
of presentation post-injury in the salvage group was 5 h, 
whereas it was 9 h in the amputation group. Except one 
patient who was a diabetic, no other patients in the study 
group had any systemic illness. The average injury severity 
score was 20 (range: 18–37). The various combinations of 
injuries are illustrated in Tables 3 and 4. The LEFS and 
LCI of amputation patients are exhibited in Table 5.

Table 1  Secondary procedures in same admission and in further admissions in salvage group

III A, B, C—Gustilo and Anderson classification, Numbers—AO classification
ORIF open reduction and internal fixation, STSG split thickness skin graft, LD latissimus dorsi, BG bone graft, MIPPO minimally invasive per-
cutaneous plate osteosyntheses

Age Sex Ipsilateral lower limb injuries Secondary procedures in same admission Secondary procedures in further admissions

25 M IIIB Shaft of femur fracture and foot crush 
injury

Redo debridement and STSG Dynamization femur

44 F IIIB 33C3 fracture, proximal leg degloving 
injury and fibula fracture

Redo debridement and STSG Bone grafting

76 M IIIB both bone leg fracture, IIIB Medial 
malleolus and calcaneum fracture

Redo debridement and LD flap

28 M IIIB both bone leg fracture, foot crush 
injury with calcaneum and metatarsal 
fracture

Redo debridement and LD flap Deformity correction ankle and bone graft-
ing tibia

39 M IIIB 33C3 fracture, IIIB 42 C2 fracture Orthofix fixation and secondary closure 
tibia

BG
BG auto and allograft
Debridement for infection
Debridement for infection and foot stein-

dlers release
24 M IIIB knee fracture dislocation, patella 

fracture and metatarsal fractures
Redo debridement and medial gastrocne-

mius flap
Tibia MIPPO
Tibia bone grafting and knee mobilization 

under anesthesia
Femur debridement and implant exit

65 M IIIB 33C2 fracture and IIIB proximal tibia 
shaft fracture

Redo debridement and STSG Debridement
Orthofix pin exchange and BG

35 M IIIB open knee injury and IIIB both bone 
leg fracture

Redo debridement, fibulotomy and ortho-
fix adjustment

Debridement and STSG
BMI and dynamisation tibia

22 M IIIB 32B3 fracture and IIIB 42C2 fracture Redo debridement and STSG Distal femur ORIF
56 M IIIB 33C3 fracture, patella fracture, IIIA 

right leg both bone fracture and foot 
injury

Redo debridement and medial gastrocne-
mius flap

Debridement and patellectomy
Debridement femur implant exit and knee 

fusion with orthofix
17 F IIIB subtrochanter fracture and open 

degloving injury knee
Redo debridement, ORIF tibia and STSG
Debridement and STSG

47 M Open knee injury and IIIB right leg both 
bone fracture

Redo debridement, ORIF tibia and medial 
gastrocnemius flap

Tibial tuberosity fixation and lateral gas-
trocnemius flap

Table 2  Mode of injury

Two wheeler vs four wheeler 13
Pedestrian vs heavy vehicle 3
Assault 1
Two wheeler vs two wheeler 1
Fall from moving vehicle 1
Bus vs lorry 1
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The LEFS was 25% in four patients, 25–50% in six 
patients, and more than 50% in one patient in the salvage 
group. The LEFS was more than 50% in five patients and 
25–50% in one patient in amputation group. The LCI was 
best in five out of six patients and good in one. The average 
SF-12 physical score was 44 (range: 36.18–47.49) in the 
amputation group, whereas it was 30 (range: 24.94–33.78) 

in the salvage group. The average mental score in the ampu-
tation group was 50.37 (range: 46.51–54.53), whereas it 
was 44.45 (range: 38.82–52.14) in the salvage group. The 
average number of surgeries was 3 (range: 1–6) in the sal-
vage group and 2 (range: 1–3) in the amputation group. The 
average hospital stay was 38 days (range: 26–72 days) in 

Table 3  Injury combination in salvage group

No Ipsilateral limb Injuries Associated injuries MESS for 
leg fracture

No of 
sur-
geries

1 Rt hip post dislocation, IIIB Rt shaft of femur fracture, Rt 
foot crush injury

Rt elbow dislocation, L2L3 fracture dislocation – 3

2 Lt distal femur fracture IIIB 33C3, degloving injury 
proximal leg and fibula fracture

Rt humerus fracture, metatarsal fracture and Rt rib 
fracture

6 3

3 Rt leg both bone fracture IIIB, open ankle and foot with 
medial malleolus and calcaneum fracture

Nil 6 2

4 Lt leg both bone fracture IIIB, foot crush injury with 
calcaneum and metatarsal fractures

Nil 6 3

5 Rt acetabulum fracture, IIIB 33C3 fracture, IIIB 42C2 
fracture

Rt proximal humerus fracture 5 6

6 Rt knee IIIB, 33B2 fracture, 41C2 fracture, patella frac-
ture and open metatarsal fracture

Nil 4 5

7 Lt distal femur IIIB fracture, proximal tibia fracture IIIB Nil 6 4
8 Rt open knee injury, IIIB Rt leg both bone fracture Nil 7 4
9 Rt shaft femur IIIB fracture, IIIC 33C1 and 42C1 fracture Odontoid and C2 fracture and right-hand extensor zone 

6 injury
6 3

10 Rt distal femur IIIB 33C1 fracture, patella fracture, IIIA 
Rt leg both bone fracture and foot injury

Lt leg both bone fracture 5 5

11 Rt sub trochanter IIIB fracture and open knee injury Nil – 3
12 Rt shaft of tibia IIIB fracture and open knee injury Nil 4 3

Table 4  Injury combination in amputation group

No Ipsilateral limb Injuries Associated injuries MESS for 
leg fracture

No of 
sur-
geries

1 Rt IIIC 33C3 fracture, crush injury leg with both bone leg 
fracture

Blunt injury abdomen, ARF 11 2

2 Lt leg both bone fracture IIIB, crush injury foot with 
metatarsal fractures

Rt ankle soft tissue injury 6 2

3 Lt IIIC 33C3 fracture and IIIC both bone leg fracture Lt shaft of femur fracture and right forearm both bone 
fracture

10 2

4 Rt intertrochanteric fracture, IIIB patella and both bone 
leg fracture and foot crush injury

Nil 6 2

5 Rt IIIC 42C3 fracture and crush injury foot Rt clavicle, scapula fracture and pelvis fracture 9 2
6 Lt IIIC knee posterior dislocation, crush injury leg with 

both bone leg fracture
Nil 9 2

7 Lt IIIC knee dislocation and both bone leg fracture Rt IIIA femur shaft fracture and metacarpal fracture 8 3
8 Rt IIIB patella and proximal tibia fracture with circumfer-

ential degloving crush injury leg
Nil 8 1

9 Rt IIIA shaft of femur fracture, 42C3 fracture with estab-
lished compartment syndrome and crush injury foot

Nil – 2
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the salvage group and 15 days (range: 5–29 days) in the 
amputation group.

The average cost of treatment excluding the pharmacy 
bill in the salvage group was three times higher than that 
in the amputation group. Only one patient in the amputa-
tion group, who required long-term ICU care due to sepsis 
exhibited a higher bill. ICU admission was required in 66% 
of patients in the amputation group and 46% of patients in 
the salvage group. The average total duration of treatment 
was 18.5 months (range: 6–48 months) in the salvage group 
and 3 months (range: 2–6 months) in the amputation group. 
The complications rate in the salvage group was 67%, with 
four patients developing knee stiffness, three developing 
infections, one developing osteomyelitis, two patients pre-
senting with nonunion of femur fracture, one patient devel-
oping deep venous thrombosis and one patient with a stiff 
knee presenting much later with a supracondylar fracture of 
femur. Sixty-two percentage required further staged surger-
ies for these complications. No complications were observed 
in the amputation group.

Five of the six patients who were followed up in the 
amputation group returned to work early within 1 year of 
surgery, and only two patients of the six long-term follow-up 
patients in the salvage group returned to work within 1 year. 
A total of eight patients in the amputation group had three 
injuries to the same lower limb, whereas only three patients 
in the salvage group had a similar type of injury with less 
than 25% of LEFS. The average MESS was 9 (range: 6–11) 
in the amputation group and 5.5 (range: 4–7) in the salvage 
group. The average Ganga hospital score was 14.6 (range: 
12–17) in the amputation group. Vascular injuries were 
observed in five patients in the amputation group and in 
only one patient in the salvage group.

Discussion

The orthopedic surgeon in the developing countries is 
faced with an increasing number of patients with multi-
ple complex open injuries to the same lower limb [1, 3]. 
No guidelines or scores are currently available to prog-
nosticate these injuries and to decide whether amputation 
or salvage is the best option in this scenario. In single 
open injury to the lower limb, multiple validated scores 
are available to assist in the decision on limb salvage or 
amputation [8–13]. Not much information is available 
regarding the morbidity, cost, duration of treatment, and 
functional outcome of these injuries. In the absence of this 
information, it is difficult for the treating surgeon and the 
patient to decide on the appropriate course of treatment.

In the present study, the functional outcome, time of 
return to work, duration of treatment, and other factors 
were assessed in patients with multiple open injuries in 
the same lower limb.

We used LEFS to assess functional outcome in both 
the amputation and the salvage group. In the amputation 
group, five out of six patients had scores more than 50%. 
Only one patient who had a IIIB patella fracture, proxi-
mal shaft of tibia fracture foot crush injury and intertro-
chanteric fracture and was managed with a through ankle 
amputation scored 43%. However, 11 out of 12 (91%) 
patients in the salvage group had less than 50% on the 
LEFS score after prolonged treatment and multiple sur-
geries. The time of return to work was 12 months in the 
amputation group, and three out of six patients returned to 
their pre-injury occupation. Among the six long-term fol-
low-up patients in the salvage group, only two returned to 
their pre-injury occupation. This clear difference suggests 
that amputation may be a better choice in these patients. 
This hypothesis was further confirmed by the fact that the 
amputation-specific LCI score was consistently excellent 
(average 88.5%) in the amputation group, indicating excel-
lent functional recovery in this group. Furthermore, the 
amputation group exhibited an SF-12 score close to that 
of the normal population. Among the salvage patients, 
SF-12 could be calculated only for four patients, which 
on an average, was less than the patients in the amputation 
group. All these facts can be used to judiciously decide 
between salvage and amputation for patients on an indi-
vidual basis.

In our study, all salvage patients required additional sur-
geries during the same admission and nine out of 12 patients 
required rehospitalization for further procedures. The length 
of hospital stay was higher in salvage patients than in ampu-
tation patients during the primary admission. Considering 
only the inpatient admission bills, the cost of treatment in 
the amputation group was lower compared with the salvage 

Table 5  The lower extremity functional score (LEFS) in salvage and 
amputation group

The locomotor capabilities index (LCI) in amputation group

Salvage group 
LEFS (%)

Amputation group 
LEFS (%)

Amputation 
group LCI (%)

1 48 43 67
2 30 55 96
3 27 50 85
4 36 66 87
5 25 52 96
6 40 56 100
7 38 Lost follow up
8 40 Lost follow up
9 18 Expired
10 22
11 56
12 22
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patients. In our study, 67% of patients in the salvage group 
developed complications, whereas no complications were 
observed in the amputation group.

Not much literature evidence is available on similar case 
series to compare with our study. However, there are studies 
which compared amputation vs limb salvage in leg-threat-
ening severe lower limb injuries [5, 7, 14]. In contrast with 
our study, all these studies included patients with only one 
severe injury in the lower limb.

Busse et al. concluded in their meta-analysis involving 
severe open tibial fractures (leg-threatening injuries) that 
the functional outcome was similar in both amputation and 
salvage groups [5]. However, in our study, the functional 
outcome was lower in the salvage group. This might be 
because there were multiple injuries to the same lower limb 
in our study. They further concluded that the time of return 
to work was similar in both the groups. This was contrary 
to our findings, where we observed that the time to return 
to work was earlier in the amputation patients than in the 
limb salvage patients. The length of hospital stay was shorter 
in the amputation group compared with the salvage group. 
However, Busse et al. reported similar length of hospital 
stays between the two groups. The length of rehabilitation, 
total costs, additional procedures, rehospitalization, and 
complications in their study were higher for limb salvage 
patients, which was mirrored in our study.

The lower extremity assessment project (LEAP) of 
patients who had single severe open injury to the lower 
limbs exhibited similar functional outcomes between the 
salvage and amputation groups at the end of 2 years [14]. In 
our study, the amputation group had better functional out-
comes than the limb salvage group at the end of 4 years. The 
patients who underwent reconstruction in this study were 
more likely to have a secondary hospitalization for major 
complications than those who underwent amputation. This 
finding was similar in our study group.

Currently, there are no scores which can help to decide 
between limb salvage and amputation in patients who have 
multiple open injuries to the same lower limb. For open leg 
injuries, scores such as MESS and Ganga hospital score 
have been used. Ganga hospital score has been validated 
to demonstrate 98% sensitivity and 100% specificity [15]. 
Further studies will be required to assess the possibility to 
develop a score to aid decision-making in this complex set-
ting and the efficacy of the Ganga hospital score and MESS 
in decision-making. However, these scores were developed 
only for leg injuries.

Based on our study, we are unable to reach a definitive 
conclusion regarding poor prognostic factors in these inju-
ries. However, in patients with three open injuries in the 
same lower limb, simultaneous open IIIB injuries in two 
areas of the same limb, other skeletal injuries, and vascular 
injury, the functional outcome was likely to be poor.

The limitations of this study are due to its retrospective 
nature. However, in this condition prospective randomized 
trials may not be ethical. In addition, the incidence of these 
injuries is not high. Hence retrospective studies are helpful. 
The patient follow-up in salvage group could have been bet-
ter. All efforts were made to contact the patients including 
visits to the address provided by the patient by one of the 
authors.

Conclusion

The following differences were observed between the ampu-
tation and salvage group in patients with multiple open inju-
ries to the same lower limb:

1. The functional outcome was better in the amputation 
group.

2. The SF-12 scores were better in the amputation group.
3. Patients who had amputation returned to work earlier, 

had a smaller number of secondary hospitalization and 
surgeries, exhibited fewer complications, and incurred 
less expenditure for treatment.

The choice between limb salvage and amputation is dif-
ficult in patients with single severe leg-threatening injuries. 
When patients have multiple open injuries to the same lower 
limb, the decision-making about salvage or amputation is 
much more complex. No clinical scores are available to help 
in this regard. Hence, a thorough evaluation of the patient 
considering all the injuries, decision-making by a team of 
orthopedic surgeons, and an individualized decision-making 
for each patient is necessary in managing these patients. The 
treatment decision should be periodically reviewed when 
an initial choice of salvage is made. Amputation should not 
be considered as a failure. Rather, it must be looked at as a 
treatment for early rehabilitation.
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