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Two-Staged Management of Proximal Tibial Fractures with Impending
Compartment Syndrome By Temporary External Stabilization and Fasciotomy
and Delayed Definitive Fixation

M. Shoaib Qureshi¹, Mangesh Panat¹, Pratik Israni¹
Abstract
Introduction: High energy proximal tibia fractures with soft tissue involvement presenting with dicolored patches over the leg and
severe swelling, compound wounds, blisters with tight compartments and absent or feeble dorsalis pedis or posterior tibial arteries
warrant to go in for a staged procedure. In patients with multiple injuries, an external fixator can be applied quickly with minimal blood
loss for unstable periarticular fractures around the knee. Two-stage procedures involve (1) early joint spanning external fixators with
fasciotomy for the medial and posterior compartments, (2) and late definitive fixation with plates or nails and with skin grafting.
Materials and Methods: In our study, we present a short series of 15 proximal tibial fractures with impending compartment syndrome.
Patients selected for this study were (1) closed proximal tibia fracture intra- and peri-articular and metaphysis diaphysis junction
communited and noncommunited fractures (2) impending compartment syndrome evaluated based on excessive swelling, tight
compartments, blisters over skin, feeble or absent dorsalis pedis or posterior tibial pulsations, color Doppler suggestive of severe
subcutaneous edema associated with monophasic or absent flow over distal arteries.
Exclusion criteria: (1) Low energy proximal tibia fracture without soft tissue insult and compound wounds over the proximal tibia
fractures, (2) associated popliteal artery injuries.
Conclusion: With the initial application of a bridging external fixator followed by delayed internal fixation protocol for pilon fractures
has been successful in reducing the historically high rates of wound complications associated with these high-energy injuries. As well this
protocol allows the use of minimally invasive plate osteosynthesis technique which is based on a combination of the principles of
stability, restoration of anatomy and early motion while eliminating the need for excessive soft tissue dissection.
Keywords: Proximal Tibial fractures, External fixators, Fasciotomy, Definitive fixation.
Introduction
Proximal tibia fractures are usually resulting of high-energy trauma,
which at many times involve soft tissue compromise either compound
injuries or with tight compartments which lead to suboptimal results.
Many a times orthopedists get in a situation whether to wait for the
swelling to subside or to go in for temporary stabilization with or
without fasciotomy. High-energy proximal tibia fractures with soft
tissue involvement presenting with dicolored patches over the leg and
severe swelling, blisters with tight compartments and absent or feeble
dorsalis pedis or posterior tibial arteries warrant to go in for a staged
procedure. Local anatomy around proximal tibia involves popliteal
artery which lies just posterior to it which in many cases is torn or
lacerated. Anterior and medial aspect of proximal tibia are
subcutaneous, lack of muscle cover makes the soft tissues vulnerable.
Tibial and deep peroneal nerve lie in close proximity on a posterior

and lateral aspect which gets stretched in some of these fractures. The
issue in treating these complex injuries is whether the soft tissue
envelope is able to tolerate the additional trauma caused by formal
open reduction and internal fixation necessary to reduce and stabilize
this injury. Tibial plateau fractures are commonly classified using the
Schatzker classification, which subdivides these injuries into six types.
The OTA/AO classification can be used to classify these injuries,
both intra- and extra-articular ones. The concept of damage control
orthopedics, whereby the least invasive and most rapid way of
stabilizing the patient’s injuries to save his life and limb is being used
today on an increasing level. In patients with multiple injuries, an
external fixator can be applied quickly with minimal blood loss for
unstable periarticular fractures around the knee. Trends in proximal
tibia fractures with impending compartment syndrome are to keep
the leg in elevation with MgSO4 dressing, ice packs and wait for the
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soft tissues to stabilize and the go for one stage definitive fixation to
avoid catastrophic complications of wound infections involved with
immediate internal fixation.
Two-stage procedures involve
1. Early joint is spanning external fixators with fasciotomy for the
medial and posterior compartments.
2. And late definitive fixation with plates or nails and with skin
grafting.
Initial evaluation
High-energy proximal tibia fractures many times present with more
than one long bone fractures associated with head chest abdomen
injuries and is hemodynamically unstable due to blood loss or absent
pulsations. All patients were managed with the ATLS management
criteria, and after they were stabilized they were subjected to be
screened for appropriate investigations such as CT brain plain,
ultrasonography, color Doppler, and radiographs were taken. All
patients administered with tetanus prophylaxis and antibiotics. They
were immobilized with brace or slabs.
Materials and Methods
Patients selected for this study were
1. Closed proximal tibia fracture intra- and peri-articular and
metaphysis diaphysis junction comminuted and non-comminuted
fractures.
2. Impending compartment syndrome evaluated based on excessive
swelling, tight compartments, blisters over skin, feeble or absent
dorsalis pedis or posterior tibial pulsations, color Doppler suggestive
of severe subcutaneous edema associated with monophasic or absent
flow over distal arteries.
Exclusion criteria
1. Compound wounds over the proximal tibia fractures.
2. Associated popliteal artery injuries.
Procedure
After the patient is hemodynamically stable and all resuscitation
procedure has succeeded the patient is taken on emergency basis to
the operating room within 6 h of the injury.
• Knee spanning ex-fix is applied with 3 self-tapping half pins over
femur in anterior aspect with most distal pin 10 cm proximal to
superior pole of patella and 3 self-tapping half pins over anterior
aspect of tibia 10 cm distal to inferior pole of patella and having 2
finger breath distance between the consecutive pins.
• The external fixator is distracted under image intensifier, and intraarticular congruity is checked if required cancellous screw was drilled
to maintain the intra-articular alignment.
• Screw and proximal most tibial pin were placed in such a way, so it
does not come in the way for definitive fixation.
• And medial side fasciotomy is done to release the pressure over the
medial and posterior compartment.
• Distal pulsations were checked intraoperatively if found triphasic in
Doppler scan.
• Lateral fasciotomy was not done so as to avoid the wound
complications and infections with the definitive fixation in the form
of plates.
• External fixator was double stacked to increase the strength of the

construct.
Post-operative
• The lower limb is in elevation for the most part of the day.
• Daily dressings over the raw area and the pin tracts wounds
cleaned.
• And now additional imaging can be done like CT or oblique X-rays
to see fracture lines in coronal and oblique planes.
The definitive surgical reconstruction is carried out when the soft
tissues are settled, signs being healing and re-epithelialization of
blisters and absence of pitting edema and the “wrinkle sign.”
The need for additional stability and biomechanical enhancement in
certain fractures may be achieved using two packs or more [1].
Chan et al. [2] showed the importance of a CT scan as it changed the
classification and operative plans in a significant number of patients
with tibial plateau fractures. Spanning external fixator also allows
arterial studies if required and also to plan for if required
debridement over the raw area if infection is suspected.
Definitive fixation
When all of the skin over the lateral side has settled, blisters dried
and raw area healthy the patient is posted for the definitive fixation.
The external fixator can be used to hold the distraction while the
locking plate was slid submuscular as the minimally invasive plate
osteosynthesis (MIPO) techniques and when the screws were drilled
the ex-fix was removed. Following skin grafting over the raw area all
pin tracts were cleaned and were freshened up so there is no
adhesion between quadriceps and femur and the knee was
manipulated to 130° to release some adhesions over the knee. As
long as limb length and general limb alignment have been
maintained in the external fixator, waiting 3 weeks to perform
definitive surgery is acceptable [3]. Less invasive stabilizing system
[4] or single lateral platting with or without non-bridging external
fixation with minimal invasive lateral platting [5].
Illustrative cases
Case 1
A 45 years male came to MGM casualty with Alleged H/O Road
traffic accident, fall from bike which leads to pain swelling deformity
right Leg, radiograph revealed fracture right Proximal tibia Schatzker
Type 6. Patient presented with impending compartment syndrome,
so primarily knee-spanning external fixator was applied to fix the
fracture with good reduction and also fasciotomy done on medial
side to release compartment, which later on covered with a skin graft
(Fig. 1, 2, 3, 4, 5). After 5 weeks, once skin condition got better, exfix was removed. A 7 hole proximal lateral tibia locking plate was
applied using a MIPO technique. The patient was assessed at every 2
weeks, and radiological evaluation was done every 4 weeks. After 4
months of initial trauma fractures showed evidence of union.
Painless weight-bearing without any fresh complaints and good limb
alignment and function was achieved at 7 months (Fig. 6, 7, 8).
Case 2
A 30-year-male came to MGM casualty with Alleged H/O Road
traffic accident, hit by bike which leads to pain, swelling, deformity
right leg, radiograph revealed fracture right Proximal tibia Schatzker
type 6. The patient presented with impending compartment
syndrome, so primarily knee-spanning external fixator was applied to
fix the fracture with good reduction and also fasciotomy done on the
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Figure 1: Right Leg showing signs of
impending compartment.

Figure 5: Medial Fasciotomy wound

Figure 8: Showing Range of motion.

Figure 11: Radiograph showing primary
management with External-fixator.

Figure 4: Showing primary
Figure 2: Pre-operative Figure 3: Radiograph showing primary
management
with external-fixator.
management with External-fixator.
Radiograph

Figure 7: Surgically managed fasciotomy
Fig. 6: Radiograph showing
wound
with skin grafting .
Secondary management with plating.

Figure 9: Right Leg showing signs of
impending compartment.

Figure 10: Pre-operative Radiograph.

Figure 12: Showing primary management with external-fixator.
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Figure 13: Medial Fasciotomy wound.

Figure 14: Surgically managed fasciotomy wound
with skin grafting.

medial side to release
compartment. Skin
grafting for fasciotomy
wound is done later on
(Fig. 9, 10, 11, 12, 13).
After 5 weeks, once
skin condition got
better, ex-fix was
removed. A 7 hole
proximal lateral tibia
locking plate was
Fig. 16: Showing full Range of motion.
applied using a MIPO)
technique. The patient
was assessed at every 2 weeks, and radiological evaluation was done
every 4 weeks. After 5 months of initial trauma fractures showed
evidence of union. The patient was found to have good functional
motion at knee and ankle with no joint stiffness with painless weightbearing without any fresh complaints, and good limb alignment was
achieved at 8 months (Fig. 14, 15, 16).
Results and Discussions
Proximal tibial fractures in the young are usually as a result of highvelocity trauma. Impending compartment syndrome and poor skin
conditions pose additional challenges in the management of the
fractures. Two staged management of these fractures has shown to
give good functional outcomes. In our study, we present a short series
of 15 proximal tibial fractures with impending compartment
syndrome. As shown in Table 1, The mean age was 40 years. Nine
patients were male, and six were female, and 11 of fractures were in
the right, and 4 of them were in left tibia. Patients presented with the
various mode of trauma like 6 were from fall from bike, 3 of them
were by dash from car, 2 patients got fracture by auto rickshaw
turnover, and 4 by car turnover.
Fracture was classified on the basis of Schatzker classification in
which 3 were Type II, 3 of them were Type III, 3 were Type IV, 2
patients of Type V, and 4 were of Type VI. Average interval between
trauma and fasciotomy with external fixation was 20 h. Average time
for 2nd stage surgery skin grafting for fasciotomy wound was 10 days
(Graft failure was seen in 1 patient who required regrafting). Average
time for definitive fixation was 4 weeks. Various modalities were used
to treat this fracture as a definitive fixation; patients treated with
lateral plate were 6. 3 of them treated with medial plate. 3 of them

Figure 15: Radiograph showing
Secondary management with plating.

required bicondylar plate, patients treated with lateral plate with
medial ex-fix were 3 (medial ex-fix was removed at 6 weeks after
primary signs of union). Post definitive fixation Knee manipulation
(up to 130°) was done under anesthesia, and postoperatively knee
ROM was started with a satisfactory result of approximately 80-120°.
Which subsequently resulted in full flexion up to 130° by 4 weeks.
The patient was mobilized with walker nil weight bearing primarily;
further weight bearing was adviced as per radiological findings.
Average nil weight bearing period was about 2 months followed by
partial weight bearing and full weight bearing by 5 months. Average
union time for the fracture was 15 weeks.
The factors determining prognosis in the high-energy proximal
tibia fractures are:
1. The degree of articular depression,
2. The extent and separation of the condylar fractures,
3. Diaphyseal - metaphyseal comminution and dissociation,
4. The integrity of the soft tissue envelope, and
5. The associated ligamentous injuries.
The goal of surgical treatment is anatomic articular restoration and
mechanical axis alignment to reduce long-term complications.
Multiple studies have shown that a staged protocol provides a
significant improvement over historical infection rates for acute
internal fixation for these complex high-energy injuries [6].
Watson et al. [7] reported on 107 patients with pilon fractures
treated using a standard staged protocol for patients with open
fractures, compartment syndromes, and polytrauma. They reported a
significant reduction in the infection rate compared to historical
controls. Haidukewych and Collinge [8] reported on conversion of
spanning external fixation to internal fixation at a mean of 10 days.
They had a 6% infection rate associated with spanning fixation at the
ankle with only one case of infection after plateau fractures, at the site
of a previous half pin. At 10 years follow-up, Weigel and Marsh
showed that patients with a high-energy fracture of the tibial plateau
treated with external fixation have a good prognosis for satisfactory
knee function in the second 5 years after injury. The knee joint
cartilage appears to be tolerant of both the injury and mild-tomoderate residual articular displacement, which was associated with
a low rate of severe arthrosis.
Follow-up
All patients were followed up for at least a year and mean follow-up
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time was 15
months.
may well require some form of surgical intervention, contact
Suture
your family physician for a consult with an orthopedic
removal was
surgeon
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done
family physician for an assessment and X-ray. Consider a
between 12
consult with an orthopedic surgeon
and 15 days
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seeing your family physician for an assessment and possible
depending on
X-ray. You may benefit from non-surgical treatment, such as
healing of the
exercise, weight loss, and /or anti-inflammatory medication
wound.
Qampc 2. -48
K _windicate satisfactory joint function. May not require any
formal treatment
Patients were
called every 3
weeks for clinical evaluation and radiological evaluation at every 6
weeks. Partial weight bearing on an average was started at 8 weeks
followed by total weight bearing at 15 weeks. Grading for the Oxford
knee scoreScore 0-19May indicate severe knee arthritis. It is highly
likely that you may well require some form of surgical intervention,
contact your family physician for a consult with an orthopedic
surgeonScore 20-29May indicate moderate to severe knee arthritis.
See your family physician for an assessment and X-ray. Consider a
consult with an orthopedic surgeonScore 30-39May indicate mild to
moderate knee arthritis. Consider seeing your family physician for an
assessment and possible X-ray. You may benefit from non-surgical
treatment, such as exercise, weight loss, and /or anti-inflammatory
medicationScore 40-48May indicate satisfactory joint function. May
not require any formal treatment Patients were evaluated on the basis
of Oxford knee score and in terms of functionality and clinical
outcome following results were obtained.
· Excellent - 6 cases
· Good - 5 cases
Ep_bgl e dmp rf c Oxford knee score
Qampc . -19

K _wgl bga_rc qct cpc i l cc _prf pgrgq, Gr gq f gef jwjgi cjwrf _r wms

· Fair - 2 cases
· Poor - 1 case.
Complications
In the study evaluating 15 fractures, complications associated with
the temporary external fixator and fasciotomy included:
· Superficial wound infection with Pin tract infection (1%).
· Deep wound infection (0%).
· Non-union (0%).
· Knee stiffness (1%).
· Graft failure (1%).
Conclusion
The use of a staged protocol, with the initial application of a bridging
external fixator followed by delayed internal fixation, is suggested for
treatment of complex tibial plateau fractures. The use of such a
protocol for pilon fractures has been successful in reducing the
historically high rates of wound complications associated with these
high-energy injuries. All these studies lead us to the conclusion that
articular reduction should be achieved as close to anatomic as
possible. To facilitate an open approach to articular reduction, the
soft tissue envelope must be violated, and the use of the two-stage
protocol will allow optimal conditions to proceed. This study
supports the practice of delayed internal fixation until the soft tissue
envelope allows for definitive fixation; as well this protocol allows the
use of MIPO technique which is based on a combination of the
principles of stability, restoration of anatomy and early motion while
eliminating the need for excessive soft tissue dissection.
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