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Abstract The purpose of this study is to compare the

long-term clinical outcomes of patients who were treated

with either hind foot reconstruction or amputation in

complex hind foot injuries accompanied with bone and soft

tissue loss due to land-mine explosions. Between 1994 and

2004, all patients with hind foot complex injuries due to

land-mine explosion, who were operated in our clinic, were

enrolled to the study. All patients were evaluated with

Short-Form 36 (SF-36), Foot and Ankle Disability Index

(FADI) and Body Image Quality of Life Inventory (BIQLI)

after a mean of 15.1 ± 2.2 (range 9–19) years of follow-

up. Demographic characteristics, number of operations,

necessity of psychiatric treatment and all complications

were compared between groups. There were a total of 42

patients [21 in reconstruction group (Gr I) and 21 in

amputation group (Gr II)]. The mean age at the time of

final follow-up was 38.4 ± 3.04 years in Gr I and

38.2 ± 4.24 years in Gr II (p = 0.732). The mean follow-

up duration was 15.7 ± 2.07 years in Gr I and

14.57 ± 2.29 years in Gr II (p = 0.081). The number of

operations was significantly higher in Gr I (8.66 ± 10.2

times vs. 4.42 ± 7.7 times, respectively, p = 0.001). The

mean FADI score at the final follow-up was 64.3 ± 18.1 in

Gr I. In amputation group, more patients needed psycho-

therapy due to major depression (12 patients vs. 4 patients,

p = 0.012). Major complications in Gr I were musculo-

cutaneous flap atrophy in calcaneal region (n = 8 patients),

limited ankle motion (n = 11) and painful osteophytes on

plantar region (n = 6). In Gr II, stump problems were

dominating (pain and tenderness n = 10, ulcer n = 2,

allergic skin lesions n = 7, painful neuroma n = 10, bony

spur n = 5, paresthesia n = 1, excessive sweating

n = 12). At the final visit, although SF-36 scores were

similar between groups (p = 0.182), extremity recon-

struction group had significantly higher BIQLI scores than

the amputation group (p = 0.016). If the dorsalis pedis is

intact and midfoot and forefoot is relatively protected, hind

foot reconstruction should be attempted. Long-term out-

comes of hind foot reconstruction are satisfactory with

minor complications and better BIQLI.
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Introduction

In a land-mine injury, extent of tissue damage depends on the

amount of energy discharged when the mine is detonated and

the part of the body contacting to the mine. Foot, particularly

the hind foot and heel, is affected in vast majority of events

that usually lead to complex hind foot fractures with sig-

nificant bone and soft tissue loss [1–3]. The management of

these injuries is still a challenge for orthopedic surgeons,

which comprises several controversies.

Heel plays an important role in all phases of the normal

gait. Therefore, a surgical reconstruction should provide a

functional hind foot with sufficient bone and surrounding
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soft tissue coverage in such kind of injuries [1, 2].

Recently, limb salvage after land-mine injuries improved

greatly parallel to the advancements in reconstructive

techniques and technologies [2, 3]. Intact vascular status

and mild involvement of midfoot and forefoot can be an

indication of limb salvage [1]. However, in severe cases

limb salvage necessitates multiple surgical procedures

which do not always produce an ideal result. Furthermore,

the treatment may be physically, psychologically and

financially devastating both for the patient and for the

health system [4, 5]. On the other hand, early amputation

allows a rapid functional recovery, although stump com-

plications and problems with prosthetic use may ensue later

in the long term [4]. In this retrospective study, we aimed

to compare the long-term clinical outcomes of Ilizarov

distraction osteogenesis and soft tissue reconstruction in

patients with defective calcaneal fractures due to land-mine

injuries, with the clinical results of below-knee amputation

in patients who suffered from similar injuries.

Materials and methods

Patients

This retrospective study was carried out according to the

Declaration of Helsinki, and the Local Ethics Committee

approved the study protocol. All patients gave informed

consent prior to their inclusion in the study. Between 1994

and 2004, all patients with hind foot complex injuries due

to land-mine explosion, who were operated in our clinic,

were enrolled to the study. All patients had type 3 soft

tissue damage according to Ostern and Tscherne classifi-

cation and type IIIb or type IIIc open calcaneal (Gustillo-

Anderson classification) or combined calcaneal and talar-

comminuted fractures with bone loss at the initial admis-

sion (Fig. 1) [6]. All patients’ data were assessed from the

clinic database, and patients were divided into two groups;

Group I (reconstruction group) consisted of patients with

severe Gustillo-Anderson Grade IIIb or IIIc defective cal-

caneal fractures treated with soft tissue reconstruction and

distraction osteogenesis with Ilizarov external fixator.

Group II (amputation group) consisted of patients who

were treated with below-knee amputation due to similar

injuries.

Limb salvage and hind foot reconstruction surgical

technique

Intact dorsalis pedis artery, relatively protected mid- and

forefoot were indications of limb salvage and reconstruction.

Initially, a meticulous debridement was carried out, and

patients received proper course of antibiotics. Soft tissue

defects were reconstructed with free musculocutaneous flaps

on an average of 24.7 days (range 5–76) from the initial

injury. Rectus abdominis and latissimus dorsi musculocu-

taneous free flaps were used in case of severe heel pad,

plantar region and posterior leg soft tissue injuries. Prior to

bony reconstruction, patients with wound infection were

treated with sequential debridement to eradicate the infec-

tion at least 2 weeks before applying the external fixator. The

technique and components of the apparatus for the recon-

struction of the hind foot in the presence of large osseous

defects are previously described by Ilizarov [7]. We per-

formed all operations according to the previous descriptions

and technique. After applying the fixator, an oblique oste-

otomy was performed from the distal tibia or posterior talus

[1]. Proximal and distal sites of the osteotomy were fixed

with at least two or three K-wires. With distraction osteo-

genesis, osteotomy site was rotated on the sagittal plane

1 mm/day to fill the calcaneal defect (Fig. 2).

All patients were allowed for partial weight bearing on

postoperative third day and full weight bearing on 12th

day. Distraction was continued till the level of distal

osteotomy fragment had reached the level of first meta-

tarsal head on the lateral radiographs. After the soft callus

was seen on the osteotomy site, external fixators were

dynamized along 2 or 3 weeks and consequently removed.

Fig. 1 Clinical appearance of 21-year-old male patients with com-

plex hind foot injury (a). Lateral radiograph shows comminuted

calcaneal, talar and navicular fractures (b)
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Amputation technique

Patients with severe calcaneal fracture accompanying

irreparable tibialis posterior and dorsalis pedis arterial

injury and extensive soft tissue loss underwent below-knee

amputation. Amputation was performed 13–14 cm distal to

the knee joint line. If the posterior muscle (gastrocnemius

and soleus) is intact, posterior flap technique was used for

amputation. Fish mouth amputation technique was used in

case of severe posterior tibia compartment muscular injury.

Evaluation of functional results and quality of life

All patients were invited to the hospital at the final follow-

up. Both groups were evaluated with physical examination

and radiologic study throughout the follow-up period.

Quality of life quality and functional outcomes were

evaluated using Short-Form 36 (SF-36), Foot and Ankle

Disability Index (FADI) and Body Image Quality of Life

Inventory (BIQLI) [8, 9]. All complications were screened

and recorded, including psychiatric treatments.

Statistical analysis

Continuous variables were stated as mean and standard

deviation and categorical variables as percentages and

frequency distributions. Mann–Whitney U test was used to

compare the means of independent groups. Chi-square test

was used to analyze the distribution of categorical data. A

p value \0.05 was considered statistically significant.

Results

There were a total of 42 patients (21 in Group I and 21 in

Group II). The mean age at the time of final follow-up was

38.4 ± 3.04 years in Gr I and 38.2 ± 4.24 years in Gr II

(p = 0.732). The mean follow-up duration was

15.7 ± 2.07 years in Gr I and 14.57 ± 2.29 years in Gr II

(p = 0.081). The number of operations was significantly

higher in Gr I (8.66 ± 10.2 times vs. 4.42 ± 7.7 times,

respectively, p = 0.001). The mean external fixator appli-

cation time was 5.07 ± 3.1 (range, 1.5–15) months in Gr I.

The mean FADI score at the final follow-up was

64.3 ± 18.1 in Gr I. In amputation group, more patients

needed psychotherapy due to major depression (12 patients

vs. 4 patients, p = 0.012). Major complications in Gr I

were musculocutaneous flap atrophy in calcaneal region

(n = 8 patients), limited ankle motion (n = 11) and pain-

ful osteophytes on plantar region (n = 6). In Gr II, stump

problems were dominating (pain and tenderness n = 10,

ulcer n = 2, allergic skin lesions n = 7, painful neuroma

n = 10, bony spur n = 5, paresthesia n = 1, excessive

sweating n = 12) (Fig. 3). At the final visit, although SF-

Fig. 2 a Oblique osteotomy from the distal tibia (white arrow). b Sagittal rotation of the osteotomy to fill the calcaneal bone defect. Note the

distraction (white arrow). c, d Final radiographic and clinical appearance of the patient
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36 scores were similar between groups (p = 0.182),

extremity reconstruction group (Gr I) had significantly

higher BIQLI scores than the amputation group (Gr II)

(p = 0.016). Results are summarized in Table 1.

Discussion

The current study investigated the clinical results of Il-

izarov distraction osteogenesis and soft tissue reconstruc-

tion in patients with defective calcaneal fractures due to

land-mine injuries, with the clinical results of below-knee

amputation in patients with similar injuries. We have found

that hind foot reconstruction and limb salvage yielded

higher BIQLI scores as compared with amputation group.

There is no standard protocol in the treatment for mas-

sive hind foot injuries which consist of severe soft tissue

and bony defects. While Sanders and Heier propose open

reduction and internal fixation in type 1 and 2 open cal-

caneal fractures, they prefer meticulous soft tissue recon-

struction prior to bone osteosynthesis in type IIIb fractures

as the early bony fixation is highly associated with infec-

tion and osteomyelitis [3, 10, 11]. They proposed extensive

debridement and prompt soft tissue coverage as soon as

possible in type III open fractures, especially in type IIIB

open fractures [10]. However, open calcaneus fractures due

to land mines are mostly associated with some destructive

complications. These injuries are blast induced, and res-

toration of normal hind foot function is not warranted with

Fig. 3 a Lateral foot

radiograph of a 38-year-old

patient who complain about

painful osteophytes (white

arrows). b Clinical appearance

of the patient. c Pedography

shows the increased pressure

points over the heel (black

circle)

Table 1 Summary of results

Group I

amputation

(n = 21)

Group II

reconstruction

(n = 21)

Significance

(p value)

Age at final follow-up

(mean ± SD) years

38.2 ± 4.24 38.4 ± 3.04 0.732

Follow-up

(mean ± SD) years

14.57 ± 2.29 15.7 ± 2.07 0.081

Side of involvement

(right vs. left)

14 right, 7

left

14 right, 7 left 0.628

Number of operations

(mean ± SD)

4.42 ± 7.7 8.66 ± 10.2 0.001

Psychotherapy

requirement

(number of patients)

12 patients 4 patients 0.012

SF-36 (mean ± SD) 93.5 ± 24.4 103.3 ± 17.9 0.182

BIQLI (mean ± SD) -8.4 ± 19.8 5.7 ± 15.8 0.016
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the use of standard calcaneus fracture management proto-

cols as in civilian events. Soft tissue damage is occurred

with ‘‘outside-in’’ mechanism due to blast effect, and the

bone communition is extended to the subtalar joint surface

that often makes it non-reconstructable [3]. Additionally,

these fractures are frequently bilateral and often accom-

panied by neurovascular injuries which make it difficult to

make a treatment decision [3]. In case of open calcaneal

fractures with massive soft tissue destruction that requires

flap coverage, some authors offer early amputation [3, 4].

They state that most patients who undergo flap recon-

struction for an open calcaneus fracture end up with a

delayed elective amputation due to poor functional out-

come or chronic infection [3]. On the contrary, Ozturk

et al. [2] reported satisfactory long-term results in massive

open calcaneal fractures due to land mines treated with

musculocutaneous free flaps. They found that muscle flaps

with overlying skin grafts supplied sufficient and durable

tissue in long-term follow-up. Also, authors preferred shoe

modifications and orthotics to correct load distribution and

pressure points underneath the reconstructed feet [2].

Similarly, Ulusal et al. [12] reported satisfactory results in

type IIIb open calcaneus fractures treated with free mus-

culocutaneous flaps. In the current study, we have recon-

structed the soft tissue defects with free musculocutaneous

flaps on average of 24.7 days after meticulous wound care.

None of our patients were complicated with infection or

flap failure on short-term follow-up. However, on long-

term visits, eight of 21 patients had musculocutaneous flap

atrophy that has mostly caused pain on heel strike. With

proper orthotics and shoe modifications, none of these

patients required late amputation.

One of the other major controversies on massive

defective calcaneal fractures is fixation type. Even in

closed low-energy calcaneal fractures, wound problems are

a common complication in surgical management [13, 14].

Several authors suggested Ilizarov method a good alter-

native to traditional methods for the management of intra-

articular calcaneus fractures with fewer secondary prob-

lems [1, 15]. On the other hand, on war wounds, severe

contamination and difficulties in coverage of blast-induced

wounds pin down the military orthopedic surgeons to

choosing staged soft tissue management and applying ring-

type external fixators because open reduction and internal

fixation with plate osteosynthesis is associated with high

rates of osteomyelitis and frequent subsequent amputations

in acute phase of the surgery. Heier et al. [10] did not

prefer open reduction and internal fixation in type IIIb open

calcaneus fractures as first-line treatment. They recom-

mended the use of external fixation to stabilize the fracture

and to allow the soft tissues to heal. Even in type II non-

medial wound and type IIIa fractures, they bewared of open

reduction and internal fixation and they reported fair to

poor results in these types of fractures. Similarly, Gur et al.

[1] reported excellent results using Ilizarov ring fixator in

massive calcaneal fractures due to land mine with minimal

complications. In the current study, calcaneal reconstruc-

tion with the use of Ilizarov ring fixator after proper soft

tissue reconstruction did not have major complications

regarding bony fixation. Moreover, patients were allowed

for full weight bearing on postoperative 12th day that

contributed to the fast rehabilitation process. Major patient

complaints were due to flap atrophy and distraction

osteogenesis eliminated the requirement of using bone

grafts on the fracture zone, which may cause infection and

soft tissue complications. In all cases, symptoms related to

flap atrophy and calcaneal spurs were overcome with

proper shoe modifications and padding.

Recently, many seriously injured limbs due to combat

wounds are salvaged and reconstructed appropriately in

parallel with developments in orthopedic, plastic and vas-

cular surgical techniques. In the combat fields, limb sal-

vage or amputation decision is performed soon after the

patient is initially evaluated in field hospitals [3]. Unfor-

tunately, many scoring systems that were created to aid the

trauma surgeon for deciding limb salvage or amputation

generally failed in the literature [16, 17]. However, the

most objective criteria for deciding amputation in a man-

gled lower extremity seem as transection of the tibial nerve

and irreparable vascular injury [18]. Moreover, some

principles are useful for deciding limb reconstruction

despite the lack of trauma scoring systems. First, the limb

salvage decision should not affect the patient’s general

state of health and life. Second, it is important to recognize

the increased lower-extremity amputation rate in the pre-

sence of multilevel segmental foot and ankle injuries [3].

Despite these, controversy exists between limb salvage and

amputation. Dagum et al. [19] reported that patients in the

amputation group had lower physical functional outcome

scores than patients in the successful salvage group. Mental

and pain outcome scores were similar in both groups.

However, Georgiadis et al. [20] concluded in their study

that patients with type IIIb and IIIc injuries who had limb

salvage fared worse than those with an early below-knee

amputation. More patients in limb salvage group felt

themselves disabled. Ebrahimzadeh et al. [4] investigated

long-term outcomes of patients undergoing war-related

amputations of the foot and ankle. They stated that patients

with lower-extremity amputation due to wartime injuries

had more long-term physical and psychological problems.

These problems had influenced patients’ overall health and

quality of life. They concluded that wartime amputations

should be evaluated in terms of not only phantom pain but

also low back pain, contralateral knee pain and vocational

and psychosocial problems that also affect patient. In the

current study, patients with open hind foot injuries
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accompanied with severe defective calcaneus fractures,

treated with limb reconstruction according to strict crite-

rions, an intact dorsalis pedis artery and preserved midfoot

region. When we have evaluated and compared treatment

methods, complications and end-stage functions of patients

between two groups, both groups were similar in terms of

age, gender and etiology of injury. While patients with

successful limb reconstruction experienced more opera-

tions and hospital stay than primary amputation group, they

have significantly higher functional outcomes than the

amputation group at final follow-up. However, they mostly

complained about long hospital stay and repeated surgeries.

While the amputated patients had a significant shorter

treatment time and return to work, they needed more

physiotherapy than the limb reconstruction group as they

stated they felt themselves disabled for limb amputation.

In conclusion, there is no standard treatment protocol for

the complex hind foot injuries with soft tissue and bone

loss. In light of our findings and experience, if the dorsalis

pedis is intact and midfoot and forefoot are relatively

protected, hind foot reconstruction should be attempted.

Ilizarov external fixation and distraction osteogenesis is a

good alternative treatment method for this purpose. Bone

defects can be reconstructed, and a stable plantigrade foot

with properly aligned foot in axial, sagittal and coronal

planes can be achieved.
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