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Male, 45-year-old
Open tibia fracture with bone loss
Numbness ¢ pain ¢ pulseness

Orthopedics and Traumatology e Plastic Surgery

Management of emergency care

The management of open Gustilo IlIC fractures can be challenging even for experienced orthopedic surgeons.
The decision between limb salvage and amputation is extremely difficult and the scoring systems do not seem
to affect it significantly. Although ischemic time has been proven to be a major factor, attempts at reconstruc-
tion of limbs with ischemic time over 6 hours have been made in past decades. A simultaneous management
of skeletal, soft-tissues, and vascular injury should be performed. This requires an orthoplastic surgeon who is
capable of doing all the necessary operations by him/herself with hand-surgery and microsurgery expertise.
We present a case of a 49-year-old man with a type IlIC open tibial fracture with bone loss and warm ischemia
time of 13 hours, who underwent revascularization and reconstruction with good radiological and functional
results after a follow-up of 3 years. A few similar cases have been presented in the literature but none of them
had a combination of bone loss, severe soft tissue injury, and complete vascular disruption after a crush injury.
The treatment of type IIIC open fractures of the tibia can be a demanding and time-consuming process. Detailed
information about the necessity of multiple surgical interventions must be explained and fully understood by
the patient in order to have realistic expectations.

Amputation, Traumatic ¢ Fracture Fixation, Intramedullary ¢ Fractures, Comminuted ¢ Skin
Transplantation e Tibial Arteries ¢ Tibial Nerve ¢ Warm Ischemia
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Background

The management of open fractures, especially when vascu-
lar injury is involved, is challenging. The annual incidence of
open long-bone fractures in the United Kingdom has been re-
ported to be 11.5 per 100 000 persons, with open fractures
of the tibial diaphysis being the commonest, with the major-
ity of them caused by traffic accidents [1].

The most widely used classification system for open fractures
is that of Gustilo and Anderson, first described in 1976 [2] and
then modified in 1984 to reclassify the type Il injuries. Type
IIC open fractures were then defined as open fractures asso-
ciated with arterial injury requiring repair [3].

Historically, open type IlIC tibial fractures have been treat-
ed with primary amputation, with studies reporting up to
78% amputation rates [4]. However, in recent decades, with
advances in orthopedic, vascular, and plastic surgery, it be-
comes even more feasible to reconstruct rather than ampu-
tate these limbs. There are now studies suggesting that sal-
vage is a cost-saving strategy that offers a better quality of
life than amputation [5,6].

Although various scoring systems have been developed, with
the Mangled Extremity Severity Score (MESS) being the com-
monest, when confronted with such an injury, all of them have
limited usefulness and cannot safely predict the patients’ func-
tional recovery [7].

Our aim is to present the case of a 49-year-old man with an
open type IlIC tibial fracture, as a result of a crush injury, which
was successfully reconstructed in our department after a warm
ischemia time of 13 hours. To our knowledge, a few similar
cases have been presented in the literature but none of them
had a combination of bone loss, severe soft tissue injury, and
complete vascular disruption after a crush injury.

Case Report

The patient, a 49-year-old man, was transferred to the
Emergency Department of our University Hospital after a
crush injury of his right tibia. He had a personal history of goi-
ter, smoking, and normal thyroid hormone values. The inju-
ry was sustained after a truck door hanger crushed his right
limb toward a wall, just over the ankle joint, 11 hours before
the patient was transferred to the Emergency Department.

He was initially evaluated according to the ATLS protocol
(Advanced Trauma Life Support). No other concomitant or life-
threatening injuries were detected and the vital signs of the
patient were normal. The musculoskeletal system was assessed
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thoroughly and the injured limb was neurovascularly examined.
Initial images of the limb are presented in Figure 1. During
the clinical examination, no distal arterial pulses were detect-
ed, not only by palpation of both anterior and posterior tibial
artery, but also with the use of a mobile Doppler device. The
capillary refill was extremely prolonged and the limb was pale
and cold below the injury site. There was minor active bleed-
ing, which was controlled by direct pressure during the initial
evaluation of the patient. With regard to the motor and sen-
sory function, despite the fact that active motion is very hard
for the surgeon and very painful for the patient, there was a
visible movement of the toes and excessive pain of the foot.

Intravenous antibiotics, after discussion with the infectious dis-
ease specialists, consisting of a second-generation cephalospo-
rin and metronidazole, were administered to the patient, as well
as prophylaxis for tetanus. The patient was transferred for the
necessary radiographic evaluation, which revealed a comminut-
ed distal tibial fracture with bone loss of 2 cm and fracture of
the fibula at the same level. He was prepped and transferred to
the Operating Theater nearly 2 hours after admission. Vascular
surgeons were called to be present during the procedure.

Under general anesthesia, a thorough soft tissue and bone
debridement was performed. Due to excessive damage of the
anterior tibial artery, reconstruction of the posterior tibial ar-
tery was finally decided on. After that, the Orthopedic Team
placed an in situ transarticular external fixator under fluo-
roscopy to stabilize the fracture site. A careful examination
of the anterior and posterior tibial artery revealed complete
disruption of both. The posterior tibial artery was completely
ruptured and in very bad condition. Thorough examination of
distal and proximal stumps revealed serious damage of the
endothelium up to 6-7 cm long. To avoid possible post-oper-
ative thrombosis, a 10-cm graft from the major saphenous
vein of the ipsilateral thigh was harvested and an end-to-end
bypass anastomosis restored the posterior tibial artery blood
flow (Figure 2). Revascularization of the artery was checked
using a mobile Doppler device.

After an uncomplicated resuscitation, the patient was trans-
ferred to the Orthopedic ward, where he was transfused with
1 unit of red blood cells (RBCs). Intravenous antibiotics were
continued and administration of oral acetylsalicylic acid (100 mg
per day) and subcutaneous 4500 IU tinzaparin per day started.

Four days after the surgery, the patient underwent revision of
the external fixation to achieve bone contact to gain more sta-
bility and to facilitate bone union. At the same time, a sural
fasciocutaneous flap and split-thickness skin grafts were also
performed for wound coverage. One month later, an addition-
al debridement and placement of an additional split-thickness
skin graft was also carried out (Figure 3).
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Figure 1. Images of the injured limb on admission. (A) The bone
was exposed from the medial side, (B) Pale under
the injury site and (C) Severe soft tissue injury of the
lateral side.

Figure 3. A split-thickness skin graft was used 1 month after the
first operation. (A) Subcutaneous tissue with adequate
blood supply. (B) Split-thickness skin graft.
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Figure 2. End-to-end bypass anastomosis of the posterior tibial
artery using a 10-cm graft from the major saphenous
vein of the ipsilateral thigh.

The patient was discharged 34 days after admission, with a
prescription for acetylsalicylic acid (100 mg per day), tinzapa-
rin (subcutaneously, 4500 IU per day). He was advised to mo-
bilize the knee joint and to use 2 crutches without bearing
weight on the injured leg.

The last operation was performed 159 days after the first ad-
mission. Since for 5 consecutive months the radiological ap-
pearance of the fracture site did not demonstrate signs of cal-
lus formation, intramedullary nailing of the tibia was decided
in order to achieve bone union. Four months later, a 3-column
callus was detected in the radiological examination. The pa-
tient could bear weight with minimum pain and demonstrated
a fixed plantar flexion deformity due to long-term application
of the transarticular external fixation in an equinus position.
Three years after the last operation, the clinical and radiolog-
ical appearance of the leg was excellent (Figure 4).

We also wanted to evaluate the impact of such a lengthy treat-
ment process on the quality of life and overall health of the
patient, as well as the perception of the same by the caregiver
(his wife). For this purpose, we used the SF-36 questionnaire,
which is very descriptive tool addressing quality of life and is
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translated and validated into Greek [8,9]. Results were excel-
lent, and both patient and primary caregiver gave high ratings
(Table 1). In particular, the patient reported that the worst out-
come was role limitation due to physical health (25%) and the
best outcomes were social functioning, general health, and pain
(100%). The caregiver rated the worst outcome as role limi-
tation due to physical health and physical functioning (50%)
and the best outcomes were role limitations due to emotion-
al problems, social functioning, and health change (100%).

Discussion

The treatment of open fractures can be challenging even for
experienced orthopedic surgeons. When an open fracture is
complicated with vascular injury requiring reconstruction, the
demands are even higher. Simultaneous management of skele-
tal, soft-tissues, and vascular injury should be performed. This
requires an orthoplastic surgeon who is capable of doing all
the necessary operations by him/herself, with hand-surgery
and microsurgery expertise.
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The timely and accurate diagnosis of these kinds of injuries is
of paramount importance for successful vascular repair and
thus successful salvage of the limb. When vascular injuries and
serious soft tissue damage are detected, early surgical inter-
vention is desirable.

As Fowler et al stated in their meta-analysis, ischemic time
should be considered a relative, not an absolute, predictor of
amputation. They also found that surgical sequence does not
affect the rate of amputations. There was no significant dif-
ference in the incidence of amputation between fracture fix-
ation being performed after vs before revascularization [10].
There are also various studies in the literature reporting im-
proved outcomes and low amputation rates, even with isch-
emic time more than 10 hours [11,12]. However, there are
reviews like the one from Tunali et al, that reported that re-
ducing ischemic time is vital for limb salvage, stating that pa-
tients with ischemia time more than 6 hours had higher risk
for amputation, but, even so, more than half of them were sal-
vaged in their study [13].
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Figure 4. (A) Anteroposterior and (B) lateral X-ray of the leg 3 years after the injury. Note the closure of the bone gap and the fine
consolidation of the free lateral bone fragment. (C) Medial and (D) lateral images of the leg.
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Table 1. The table presents the answers of both patient (A) and caregiver (B) to the questionnaire.

GENERAL HEALTH Limitation of bathing or dressing yourself:

In general, would you say your health is: A. Limited a little 50 points
| AGood general health s0points B limited alittle 50 points
B.Good generalhealth 50 points
Comparedtooneyearago,howwould yourateyourhealth Cut down the amount of time you spent on work or other

in general now? activities:

A. Much better health than one year ago 100 points
B Much better health than one yearago 100 points

LIMITATIONS OF ACTIVITIES

Vigorous activities:

A. Not limited 100 points B. Difficulty performing work 0 points

© B.Notlimited 1 100 points EMOTIONAL HEALTH PROBLEMS

777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777 Cut down the amount of time you spent on work or other

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, activities:
ALImltEdalOtOPO'ntS A. No decrease 100 points
BL|m|tedal|ttle ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 5 Opomts B. No decrease 100 points

AL|m|tedalot0pomts A. No difference 100 points
B. Limited a lot 0 points B. No difference 100 points
Limitation of walking more than a mile: SOCIAL ACTIVITIES
A. Not limited 100 points Emotional problems interfered with your normal social

""""" activities with family, friends, neighbors, or groups?

B. Limited a little R e

""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" A. No interference 100 points
l'imitationfofiwalkingiseverallblocicS NN =~ - o-ooooTTTTTTTTTTIoTTesneesnneooieooieooiiooiioosisiiiessiioosiooooes

'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' B. No interference 100 points
B. Limited a little 50 points . 5 X

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, How much bodily pain have you had during the past 4
Limitation of walking one block: weeks?

A. Not limited 100 points A. No bodily pain 100 points
B. Not limited 100 points B. Mild bodily pain 80 points
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Table 1 continued. The table presents the answers of both patient (A) and caregiver (B) to the questionnaire.

During the past 4 weeks how much did pain interfere with
your normal work (including both work outside the home
and housework)?

B. No interference 100 points

ENERGY AND EMOTIONS

Did you feel full of pep?

Have you felt so down in the dumps that nothing could
cheer your up?

A. Never felt so down in the dumps that nothing could cheer
up 100 points

B. Never felt so down in the dumps that nothing could cheer
up 100 points

B. A little of the time 80 points

In addition to concern for the vascular status of the limb, im-
mediate response is also needed to decrease the infection
and nonunion rates. The “6-hour rule” was first proposed by
Friedrich in 1898, when he observed that the effectiveness of
debridement is limited if performed >6 hours after the inju-
ry [14]. This was later confirmed by Robson et al, who dem-
onstrated that the time period needed for bacteria to reach a
level of >10° per gram of tissue is a mean time of 5.71 hours
after injury [15]. However, during the last decades, this has
been questioned. There are studies suggesting that a delay of
more than 6 hours in the primary debridement of open tibial

This work is licensed under Creative Common Attribution-
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Have you been a happy person?

A. Most of the time 80 points
B Mostofthetime 80 points
Did you feel tied?
Asomeofthetime 60 points
A little bit of the time 80 points

SOCIAL ACTIVITIES

How much of the time has health interfered with your social
activities?

B. Not interfere 100 points

GENERAL HEALTH

| seem to get sick a little easier than other people:

A. Definitely true 0 points
B.Definitelyte  Opoints
" lamas healthy as anybody I know:
A Mostytue 75 points
B Mostytue 75 points

B. Mostly true 75 points

fractures can be justified and evidence shows no statistically
significant difference in overall and deep infection rates be-
tween fractures debrided within 6 hours and those debrided
at more than 6 hours [16].

Regarding the arterial injury, it was found that the anterior
tibial artery is more commonly injured (31.9%) in compari-
son with the posterior tibial artery, which has an injury rate
of 8.9%. This study also demonstrated an injury rate of both
anterior and posterior tibial arteries of 3.1% and of 2.1% of
all 3 vessels. In general, the presence of a vascular injury has
been proven to affect the functional outcome of patients fol-
lowing reconstruction [17], with reports suggesting that open
fractures with injury to the posterior tibial artery had a sig-
nificantly higher nonunion rate and delayed union than frac-
tures without vascular injury [18].
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As for the type of fixation used for this kind of injury, there are
studies recommending primary external fixation for all frac-
tures where the soft tissue cannot be initially closed [19], but
also others who report that high rates (68.5%) of open frac-
tures treated primarily with external fixator required at least
1 further operation to achieve union [20]. This was also dem-
onstrated in our case, where a modification of the external
fixation was required 4 days after the first operation and the
definitive treatment was an intramedullary nail 159 days af-
ter the initial injury to achieve union.

It was also suggested that scoring systems are not predictive
of functional recovery, and other factors can also influence the
decision to salvage limbs, such as the extent of the soft tissue
injury [7,13,20]. There are reviews demonstrating that there is
no evidence supporting superior outcomes of either limb sal-
vage or primary amputation [22], and reporting that ampu-
tation yields fewer quality-adjusted life years saved (QUALYs)
and is associated with increased anxiety and depression [23].
As a result, it appears that patient may have different opin-
ions that affect quality of life. This was also demonstrated by
Pelissier et al, who reported that all of the patients with suc-
cessful reconstructions in their study preferred their salvaged
leg to an amputation [24].

In our case, in a 49-year-old heavy smoker, with a type llic
open fracture with ischemia more than 10 hours, the obvi-
ous choice was a below-knee amputation. However, consid-
ering the strong will of the patient, his occupation demands
(sheep breeder), the preservation of plantar sensation in the
foot, and the recent considerations of the literature, we de-
cided, having plastic and vascular surgeons available, to pro-
ceed with limb salvage.

Moreover, we investigated how the results of the procedure
affected the patient’s life. We used the SF-36 questionnaire in
a throughout investigation involving both the patient and his
primary caregiver. The results were excellent for social func-
tioning, pain, and health change (all scored 100%), very good
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for energy/fatigue (85%), emotional well-being (84%), and gen-
eral health (80%), good for physical functioning (55%) and role
limitations due to emotional problems (66.7%), and relative-
ly poor for role limitations due to physical health (25%). The
alternative of this procedure would be a below-knee ampu-
tation. Quality of life measured by the same SF-36 question-
naire is disappointing for patients in many aspects [24]. Godoy
et al found responses to 6 of the 8 questions in the test were
inadequate, suggesting an unsatisfactory quality of life of the
amputees. The most obviously unacceptable attributes were
physical, which demonstrates how much the mutilation affects
patient quality of life. The physical capacity was also much af-
fected by the surgery, as were the emotional aspects, the gen-
eral state of health, and the social aspects. Pain interfered with
the lives of these patients in a significant way, reducing the
quality of life even more. Mental health and vitality were not
affected. The emotional burden demonstrates that patients
find the loss of the limb very difficult to accept and the qual-
ity of life does not improve with time. From all the above, we
can conclude that even though the procedure is lengthy and
expensive, the outcomes for the patients are really very good.

Conclusions

The treatment of type IlIC open fractures of the tibia can be a
demanding and time-consuming process. Detailed information
about the necessity of multiple surgical interventions must be
explained and fully understood by the patient in order to have
realistic expectations and achieve the best possible outcome.
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