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Two patients were reoperated because of deformity. Four 
patients needed revision surgery because of non-union. At 
long term follow, we had osteomyelitis in one patient.
Conclusions Scoring systems and the ischemic time are 
not the only predictors of amputation. The decision of the 
treatment mode should be made by the patient and the care 
team after discussing the options and outcomes rather than 
relying on a scoring system.
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Introduction

The management of tibia fractures with major vascular 
injuries continues to be challenging because of difficulties 
in estimating the outcomes and costs, the conflicting results 
reported in the literature, and cultural beliefs [1]. Limb sal-
vage procedures can result in long hospital stays, reopera-
tions, high costs and socio-psychological problems. Also, 
the concomitant injuries and complications carry a great 
risk of not only limb loss but also life-threatening condi-
tions. Moreover, there is a poor acceptance of amputation 
at eastern culture. These injuries have a high rate of com-
plications, such as secondary amputation, nonunion, infec-
tion and malunion [2–4].

Gustilo–Anderson grade 3C open tibia fractures [5] 
must be diagnosed early and treated as soon as possible. 
However, the treatment of these injuries is accompanied by 
dilemmas surrounding the decision to amputate or salvage, 
the surgical sequence, ischemic time limitations, the usage 
of temporary shunts, the skeletal fixation method, and soft 
tissue closure. Various scoring systems have been devel-
oped to assist in making this decision [3, 6–8]. However, 
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these scoring systems were developed 15 years ago, and 
many advances have been made in surgical techniques and 
implants since then. These developments encourage sur-
geons to attempt limb salvage rather than amputation [9]. 
The aim of this study was to evaluate the surgical outcomes 
of Gustilo grade 3C open tibia fractures that needed vascu-
lar repair with at least five years follow-up in non-military 
adults.

Materials and methods

An institutional review board (IRB) approval was obtained 
and retrospective analyze of the limb salvage procedures 
for Gustilo–Anderson grade 3C open tibia fractures in 
a single trauma center between 2000 and 2009 was per-
formed. The mechanism of injury, mangled extremity 
severity scores (MESS), timing of the surgery, treatments 
and complications were analyzed from the medical records. 
The primary outcomes were secondary amputation rates, 
union rates, total number of operations and daily life qual-
ity. The SF-36 health survey questionnaire [10] was used to 
evaluate the patients’ daily life quality, pain levels, and psy-
chological condition. We also asked the patients whether 
they would have preferred an initial amputation over their 

present status and questioned them about their desire for a 
secondary amputation during the treatment.

Qualitative data were analyzed by Chi-square test. All 
statistical analyses were performed using SPSS 22.0 (Chi-
cago, IL) software and a p value of ≤ 0.05 was considered 
significant.

Results

Twenty-two (17 males, 5 females) non-military patients 
with a mean age of 31.1 years (range 7–46 years) were 
operated for revascularization and fracture stabilization. 
There were six patients who underwent primary amputa-
tions were not included in this study. The mean follow-up 
was 5.3 years (range 2.1–9.8 years). Eleven of the injuries 
(50 %) were caused by motor vehicle accidents, 6 (27.2 %) 
by industrial injuries, 3 (13.6 %) by gunshot wounds, and 
2 (9.1 %) by a fall from a height. Detailed demographic 
parameters, type of injury, time of ischemia, MESS score, 
vascular reconstruction and outcome can be found in 
Table 1.

The popliteal, tibialis anterior and tibialis posterior 
artery pulses and the capillary refill, color and temperature 
of the foot were compared with the uninjured extremity and 

Table 1  The table that shows the etiology, MESS score,ischemia time, vascular and orthopedic treatment, nerve injury and outcomes of the 
patients

Patient Age Injury MESS Ischemic time > 6 Vascular reconstruction Orthopedic fixation Nerve injury Amputation

1 22 Industiral 7 + End to end Mono – –

2 24 Traffic accident 8 + End to end Mono Peroneal –

3 31 Traffic accident 9 + Saphen vein Mono Peroneal –

4 27 Traffic accident 8 + Saphen vein Mono – +
5 23 Traffic accident 6 – End to end Multi – +
6 24 Industrial 6 + Saphen vein Mono Peroneal –

7 33 Traffic accident 9 + End to end Mono – +
8 28 Traffic accident 10 + Saphen vein Mono – +
9 36 Fall from height 5 + End to end Mono Tibial –

10 46 Traffic accident 9 – Saphen vein Multi – –

11 7 Traffic accident 4 + End to end Mono Peroneal –

12 33 Traffic accident 8 + Saphen vein Mono – –

13 34 Industrial 7 + Saphen vein Mono Peroneal +
14 30 Industrial 8 – Saphen vein Mono Peroneal –

15 40 Gunshot 9 + Saphen vein Multi – +
16 28 Fall from height 8 + Saphen vein Multi – +
17 30 Traffic accident 9 + Saphen vein Mono – –

18 39 Gunshot 9 + Saphen vein Multi – +
19 38 Industiral 6 – End to end Mono Peroneal –

20 45 Industiral 7 + Saphen vein Multi – –

21 37 Traffic accident 9 + End to end Mono – –

22 42 Gunshot 8 – End to end Mono – –
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noted. A neurological examination was performed to deter-
mine the presence of tibial or peroneal nerve palsy. After 
the physical examination, an AP and lateral plain radio-
graph were obtained to diagnose the fracture. Additional 
trauma series were obtained if needed. For the vascular 
diagnosis, an ankle brachial index (ABI) and Doppler ultra-
sonography (DUS) were used as the initial screening tests 
[11, 12]. In the distal tibial fractures, it was difficult to use 
an ABI measurement. CT angiography was used first when 
there were multiple fractures in an extremity with suspicion 
of a vascular injury.

Combined antibiotherapy was immediately started in 
patients in the emergency room. Intravenous cephazolin of 
4 g per day divided into 4 doses, intravenous gentamicin of 
3–5 mg/kg/day divided into 2 doses and intravenous metro-
nidazole of 7.5 mg/kg/day divided into 4 doses were used 
for the combined antibiotherapy. Also, a tetanus immuniza-
tion or prophylaxis was performed according to the indi-
vidual patient’s immunization status.

Arterial injury occurred in popliteal artery in 4 patients 
and in infrapopliteal level in 18 patients. The mean time 
to operation was 13 h, which caused huge increases in the 
mangled extremity severity score (MESS). Mean MESS 
score of the patients was 7.68 (4–10). In our treatment 
algorithm, after the exploration of the injured artery, a 
temporary shunt was only placed when the injury was in 

the popliteal artery, in the trifurcation area or in 2 or 3 of 
the infrapopliteal arteries with limb ischemia. The length 
and diameter of the temporary synthetic heparinized shunt 
(aspiration catheter) were selected according to the length 
of the injured segment and arterial diameter. Otherwise, 
there is no need for arterial reconstruction in a singular 
arterial injury. The shunt is usually placed in either ante-
rior or posterior tibial artery, whichever has a larger caliber. 
Then, wound debridement was performed and the decision 
of whether to amputee or reconstruct was made according 
to the general, vascular and soft tissue status of the patients, 
and the fracture was temporarily fixated by the orthopedic 
surgeons if reconstruction was defined to be performed. 
After the fixation, the vascular repair was performed by 
vascular surgeons. During the peroperative period, the 
patency was determined by Doppler assessment. It is per-
formed by evaluating distal pulse using digital examination 
and continuous Doppler signals in the runoff artery dis-
tally. In 16 of the patients, a monolateral external fixator 
was used and in 6 patients a multiplanar tubular external 
fixator was used for the temporary fracture stabilization. 
The monolateral and tubular external fixators were pre-
ferred for the management of the soft tissue. After the soft 
tissue healed, all of the fixators were converted to circular 
external fixators for permanent fixation, with a mean of 27 
(range 16–37) days (Fig. 1).

Fig. 1  Bone loss after Grade 
3C open tibia fracture. a 
Temporary fixation, b fourth 
year follow-up after segment 
transport with circular external 
fixator
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A reverse saphenous vein graft was used for reconstruc-
tion in 13 of the patients, and an end-to-end vascular repair 
was performed in 9 of the patients. A routine fasciotomy 
was performed in all of the patients. All of the patients 
received low-molecular weight heparin therapy during their 
hospital stay. Graft surveillance in the follow-up period 
was performed in the radiology department using duplex 
ultrasound examination coupled with ankle brachial index 
measurement. Eight (31.8 %) of the patients had nerve inju-
ries, seven of which were peroneal nerve injuries and one 
of which was a tibial nerve injury. None of the nerve inju-
ries were treated operatively, and none of the nerve injuries 
recovered during the treatment. After the wound debride-
ment and vascular repair, soft tissue care was performed 
with a vacuum-assisted closure (VAC) dressing and hyper-
baric oxygen therapy (Fig. 2). Patients were put on low 
dose acetylsalicylic acid (ASA) treatment for 3–6 months. 
None of the patients had surgery for soft tissue reconstruc-
tion on the first day of the injury, and one of the patients 
died during the treatment because of thorax injury that was 
complicated in the coming days.

Five patients underwent a thrombectomy procedure, 
and one of them also underwent a revision of the reverse 
saphenous vein replacement. Four of these patients (80 %) 
required a secondary amputation. Overall, eight (36 %) 
of the patients required secondary amputations, all of 
which were due to vascular problems. Our retrospective 
evaluation was showed that thrombosis was occurred in 
patients with excessive lower extremity or arterial crush 

type injury. Also, these patients had lower MESS scores 
at initial emergency presentation. Six of the 14 patients 
who had MESS score higher than 7 were needed amputa-
tion (42 %). Eight patients had seven or less MESS score 
and only two of them were needed secondary amputation 
(25 %). Although the secondary amputation rate decreased 
from 42 % to 25 %, there is not any statistical difference 
(p = 0.402) (Table 2). Secondary amputation rate was 
41.1 % in patients who had ischemia time more than 6 h 
and this ratio decreased to 20 % when the ischemia time 
was less than 6 h.

The mean number of operations was 3.5 if the debride-
ment and VAC dressing changes were not included. Five 
of the patients required a free-flap operation for soft tis-
sue closure after the VAC dressing. Seven patients needed 
further operations because of orthopedic problems. Four 
patients, two of whom had infections, needed operation 
because of nonunion, two patients were reoperated because 
of a deformity and one patient was reoperated because of 
osteomyelitis (Fig. 3).

Fig. 2  An example of vacum 
assisted closure dressing for soft 
tissue defect

Table 2  The relation between the MESS scores and amputation/sal-
vage

Mess Patient Amputation Salvage

≤7 8 2 (%25) 6 (%75)

>7 14 6 (%42) 8 (%58)

7.68 22 8 (%36.3) 14 (%63.6)
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Although most of the patients had problems during 
their daily lives because of the restriction of their mobil-
ity, none of the patients wanted a first-day amputation or 
secondary amputation as a treatment choice. Eight patients 
were using prosthesis due to their extremity loss. Only 
seven patients were reported no pain and full activity of 

daily life. According to the SF-36 health survey question-
naire, the mean physical health summary was 40.5, which 
was below average, and the mean mental health survey 
was 35, which was well below the average for the general 
population. Although there was no statistical significance, 
but SF-36 scores were higher in amputees than some of the 

Fig. 3  a X-ray in emergency room. b CT angiography of injured leg, c permanent fixation of tibia, d. malunion of the tibia, e deformity correc-
tion with ilizarov, f fourth year follow-up
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non-amputee patients, especially who needed further surgi-
cal intervention for osteomyelitis and nonunion.

Discussion

Gustilo–Anderson grade 3C open tibial fractures have a 
great risk of limb loss and historically very high amputa-
tion rates have been reported in the literature [13]. These 
injuries must be diagnosed and treated immediately to 
achieve limb salvage [14]. Unfortunately, their diagnosis is 
not always easy. The most important step of the diagnosis 
is the suspicion of a vascular injury in the emergency room. 
Distal pulses, capillary refill, the color and the heat of the 
extremity must be evaluated and compared with the unin-
jured extremity. Even when the distal pulses are palpable, 
there may be a vascular injury. Because of this, a Doppler 
ultrasonography and ankle brachial index (ABI) should be 
applied to determine the vascular injury. The ABI is not 
easy to perform under the level of the proximal 1/3 tibial 
fractures. Therefore, arteriographies should be considered 
for exact repair of the arterial injury. Although arteriogra-
phy increases the ischemic time, Glass et al. have reported 
that this increase did not affect the amputation rates [17]. 
We did not routinely use preoperative conventional arteri-
ography which causes a time delay and increases ischemic 
time in our conditions, but we preferred CT angiography as 
an alternative fast-track method. Our diagnostic algorithm 
to define whether a vascular injury is present or not can be 
found in Table 3 [15, 16].

After the diagnosis of the vascular injury, the deci-
sion regarding whether to perform an amputation or limb 
salvage must be made by the surgeon. Multiple injury 
scores have been published to assist in making this deci-
sion [6–8]. Fodor et al. reviewed these injury scores in the 
literature and showed that the mangled extremity severity 
score (MESS) is the injury score most commonly used. 
The MESS showed a good correlation with the amputation 
rates in children and in combat injuries. However, in adult 
civilian injuries, there are major differences in the amputa-
tion rates and MESS scores [9]. We also used the MESS 
to determine the appropriate treatment, but it was not the 
only predictor used to make this decision as we attempted 
limb salvage in some cases even when the MESS was 
greater than 7. In our study, fourteen patients had MESS 
scores higher than seven and eight of these limbs were 
salvaged. The pattern of the injury, nerve injury, venous 
injury, patient’s socio-economic level, soft tissue damage 
and level of arterial injury also affected the decision [18–
20]. The LEAP study showed that the outcomes are often 
more affected by a patient’s economic and social resources 
than by the initial treatment choice [1]. In our study, the 
success of the vascular repair was the main prognostic fac-
tor for the limb salvage procedures; however, it was not the 
only factor that affected the clinical results. Nerve injuries 
and related foot problems, such as chronic wounds and 
contractures, as well as infection, had great impact on the 
final result.

The surgical sequence is another dilemma in these inju-
ries. Some authors have suggested that the vascular repairs 

Table 3  The diagnostic 
algotrithm of our clinic

DUS Doppler ultrasonography, 
ABI ankle brachial index, ABC 
airwave, breathing, circulation
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should be made first to reduce the ischemic time [2, 21–23]. 
Other authors suggest that the skeletal fixation be made 
first to avoid the disruption of the vascular repair during 
the reduction of the fracture [24, 25]. A meta-analysis per-
formed by Fowler et al. reported that the surgical sequence 
has not been shown to affect the rate of amputations in the 
lower extremities [26]. We preferred to apply a tempo-
rary intravascular shunt initially, followed by the skeletal 
fixation, and then undertake the arterial repair in patients 
that had ischemic time over 8 h. Shunting permits time to 
evaluate the soft tissue viability and the venous status of 
the extremity and to make a proper fixation. Glass et al. 
showed that using vascular shunts reduces the ischemic 
time, fasciotomy and amputation rates [17]. Furthermore, 
this review reported that reducing the ischemic time is vital 
for limb salvage. The limb salvage rate falls from 87 % to 
61 % when the ischemic time exceeds 6 h. On the other 
hand, Fowler et al. stated that the ischemic time should be 
considered a relative but not absolute predictor of amputa-
tion [26]. Furthermore, several studies in the literature had 
low amputation rates although they had ischemic times of 
more than 8 h [18, 20, 27, 28]. In our study, 17 patients had 
ischemia time more than 6 h and amputation rate of these 
patients was 41.1 %. Amputation rate decreased to 20 % in 
patients who had ischemia time less than 6 h.

The patients who had MESS score higher than 7 or who 
had ischemia time more than 6 h had higher risk of amputa-
tion. However, more than the half of these patients’ limbs 
were salvaged in our study. So MESS scores or ischemia 
time cannot be the only predictors of amputation.

In this study, venous repair was not performed in all of 
the patients. Waikakul et al. reported that arteriovenous 
repair improves the union time and reduces the infection 
and chronic swelling in open tibial fractures [29]. However, 
in another study, Kuralay et al. suggested that the popliteal 
and femoral veins be repaired and not the infrapopliteal 
veins, because occlusion is inevitable irrespective of the 
method of repair [30]. In our study, all of the thrombecto-
mies and secondary amputations were performed in first 
30 days. All of the limbs which did not have vascular com-
plications in 30 days were salvaged (Table 4).

In our study, we used a temporary external fixation for 
the skeletal fixation in all of the patients. External fixators 
can be applied easily and rapidly and do not cause the extra 
soft tissue damage that internal fixation does, and wound 
care is much simpler with external fixation. The temporary 

fixation was replaced with circular external fixation to 
reduce the risks of complications such as malalignment, 
shortening and nonunion in all of the patients. We per-
formed a fasciotomy in all of the patients because of the 
long ischemic time. Although some surgeons have sug-
gested the routine use of prophylactic fasciotomies [2, 16, 
31], Glass et al. reported that using vascular shunts reduces 
the fasciotomy requirement [17]. The early application of 
anticoagulant therapy, unless contraindicated, reduces the 
thrombosis risk and amputation rates [31, 32].

The secondary amputation rate was 36 % in our study. 
Unfortunately, there is no study in the literature assess-
ing grade 3C tibial fractures in non-military population for 
a comparison. Most of the studies have evaluated all of the 
lower limb fractures with vascular injuries, and the amputa-
tion rate ranges from 0 to 43 % [2, 4, 23, 24]. In the recent 
literature, injuries to the popliteal artery have been shown to 
be associated with higher rates of amputation than injuries 
to the femoral artery [33]. Furthermore, grade 3C tibial frac-
tures carry a greater risk of amputation than femoral frac-
tures [5, 34]. A systematic review reported that the amputa-
tion rate was 15 % in femoral fractures with vascular injuries 
and 38 % in tibial fractures with vascular injuries [17].

Conclusion

The decision of whether to perform amputation or salvage 
is still controversial. Scoring systems and the ischemic time 
are not the only predictors of amputation. Also the qual-
ity of the vascular repair, venous injury, soft tissue injury, 
nerve injury and patient’s socio-economic status determine 
the prognosis. The decision of the treatment mode should 
be made by the patient and the care team after discussing 
the options and outcomes rather than relying on a scoring 
system. It appears that in our population, it is preferable to 
live with poorly functioning limbs than to accept the first-
day amputation.

An institutional review board (IRB) approval was 
obtained for this retrospective study.

Informed consent was obtained from all individual par-
ticipants included in the study.

Compliance with ethical standrads 

All procedures performed in studies involving human participants 
were in accordance with the ethical standards of the institutional and/
or national research committee and with the 1964 Helsinki declaration 
and its later amendments or comparable ethical standards.
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Table 4  Early and follw-up results of the patients

Time Mortality Trombectomy Amputation Salvage

≤30 days 1 5 8 14

>30 days 0 0 0 14
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