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Background

An accurate definition of a knee dislocation is subject to
on-going discussions as the description of a knee injury
as a dislocation does not clearly define the injury or
guide management.1 Radiologic evidence of a dislo-
cation is not available in about 20%–50% of the patients,
as the knee often reduces spontaneously or is reduced by
emergency staff at the scene. Thus, many authors define

knee dislocations as the disruption of three or more of
the four major knee ligaments. Yet, it has been argued
that the disruption of only two ligaments is sufficient for
a knee dislocation to occur such as in dislocations with
an intact posterior cruciate ligament.2 This lack of a
commonly accepted definition makes a comparison of
incidences of associated injuries challenging and reports
of popliteal artery injuries in knee dislocations vary
widely between 7% and 64%.3-8
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A recent study has described popliteal artery injury rates
as low as 1.6% with only 0.1% of patients needing an
amputation.9 Indisputably, each multidirectional knee
injury with an adequate history of trauma and presen-
tation should be regarded as a knee dislocation until
proven otherwise.1

The mechanism of injury in knee dislocations can range
from high energy injuries due to road accidents and falls
from a height to low energy injuries such as sports injuries
and even ultra-low-velocity injuries such as simple falls,
especially in obese patients.10-13 The energy level of the
injury can affect the injury pattern itself, which varies from
ligamentous disruption only, to knee dislocations with
severe soft tissue damage, compartment syndrome, open
wounds and fractures, all of which are risk factors for
adverse limb outcomes.14,15 In its most severe presentation
a knee dislocation can be associated with popliteal artery
injuries resulting in a threatened limb and subsequent
limb loss if not treated urgently. The specific anatomy of
the popliteal artery makes it susceptible to damage during
trauma. It is fixed to the distal femur in the adductor canal,
and is tethered distally under the soleus muscle and in-
between the two heads of the gastrocnemius muscles.
With its tenuous collateral supply, the arterial flow is very
rarely sufficient to guarantee adequate distal perfusion to
the limb during a complete disruption of the popliteal
artery. The purpose of this study was to determine the
frequency of popliteal artery injuries in knee dislocations
and evaluate the incidence of early limb loss. 

Methods

Twenty-eight of 96 consecutive knee dislocations admitted
to the trauma unit of a tertiary care hospital in South
Africa over a period of 12 years (2000–2012) were included
in this study and were analysed retrospectively. The data
was collected prospectively. Included were all patients
with knee dislocations diagnosed radiologically or, in
patients who presented with a reduced joint, in the
presence of multidirectional, gross instability. Children
were excluded. The viability of the limb on presentation
was documented according to the Rutherford
Classification into ‘viable’, ‘threatened’ and ‘non-viable’
limbs.2 In accordance with the protocol of the local trauma
unit the vascular status was assessed via an angiogram in
all patients (Figure 1). A hybrid procedure room for simul-
taneous computer tomography with angiogram (CTA) in
the operating room was not available and therefore, in
threatened limbs with vascular hard signs, arterial
contrast was injected into the femoral artery and the
popliteal artery injury was visualised under fluoroscopy
either in the emergency room or on the operating table
prior to the intervention (‘on-table’ angiography). A CT
angiogram with venous contrast or digital subtraction
angiogram with arterial contrast was obtained in patients,
in which a threatened limb was excluded. All vascular
injuries were managed by a dedicated trauma team. 
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Figure 1. Algorithm used for the assessment and

management of knee dislocations

Figure 2. Angiogram; injury to the popliteal artery
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The musculoskeletal pathology was assessed and treated by
a specialised orthopaedic unit. All popliteal artery injuries
were repaired through a medial approach with end-to-end
suturing or grafted with a reverse saphenous vein graft if
direct repair was not possible. The knee dislocations were
reduced and stabilised with an external fixation device prior
the vascular repair. A joint spanning configuration of two 
5 mm half pins each, proximal and distal to the joint, was
used. The duration of external fixation was not documented.
Capsular structures were not repaired at the initial sitting. A
lower leg compartment release was carried out in limbs
assessed to have a compartment syndrome. This was a
clinical diagnosis with examinations done pre-operatively
and at regular 2-hour intervals for 48 hours after surgery and
was not confirmed by intra-compartmental pressure
measurements. The delay from injury to revascularisation,
viability of the limb, type of vascular injury and repair,
mechanism of injury, associated compartment syndrome,
and limb loss were documented. Ethics approval for the
study was obtained. 

Results

In the study period 96 knee dislocations were identified.
Twenty-eight (29.1%) patients (14 males) had evidence of a
popliteal artery injury (Figure 2). This was confirmed by
formal digital subtraction angiography in ten cases and by
CTA in eight cases. In ten patients an ‘on-table’ angiogram
was performed. In the remaining 68 patients vascular
injuries were excluded by angiography. In two cases the
diagnosis of a knee dislocation had not been made primarily
but only after a popliteal artery injury was detected. 

Seven patients of the 28 patients (25%) with popliteal artery
injuries needed an amputation at an average of 9.3 days after
the initial assessment (range: 0–42). The mechanisms of
injury included 14 falls (50%), 11 motor vehicle crashes 
(39.3 %), and three soccer injuries (10.7%). On documentation
no distinction was made regarding falls from height or low-
energy falls. Three of the 11 patients (27.3%) who injured their
knee during a motor vehicle crash needed an amputation.
Four of the 14 patients (28.6%) who dislocated their knee
during a fall were amputated; none of the three sport-related
injuries needed an amputation (Table I).

An associated popliteal vein injury was found in three
patients, two of which needed an amputation (66.7%); in the
remaining 22 patients (13.6%) without an associated
popliteal vein injury, three needed an amputation. A
compartment syndrome was present in four limbs, of which
two were amputated compared to two amputations of the
remaining 24 patients (8.3%), who did not have a
compartment syndrome (Table II).

Of the 28 patients, 18 presented with a ‘viable’ limb and ten
were documented as a threatened limb. Five of the ten
patients (50%) who presented with a threatened limb
needed an amputation (Table II). The documented median
delay to revascularisation of patients who presented with
threatened limbs was 10 hours (interquartile range 

[IQR]: 13.2). Two patients who were revascularised after 
12 hours of ischaemic time developed acute kidney injury
with myoglobinuria and abnormally high serum potassium
levels. One patient was able to undergo delayed amputation
at day 10; the other patient succumbed seven days post-
operatively due to multi-organ failure. In both cases the knee
dislocation was missed as the joint had reduced prior to
admission to the emergency unit. 

Two cases in the ‘viable’ limb group of 18 patients needed
an amputation on day 16 and day 42 post-operatively. In one
patient a late compartment syndrome was missed; the other
patient refused relook surgery once a diagnosis of primary
graft failure was made. 

Restitution of the vascular supply was by direct repair in
nine patients (32.1%). All limbs in this group were salvaged.
Seventeen patients needed a reverse saphenous vein graft
(60.7%). Of these patients five (29.4%) had an amputation
(Table III). The popliteal artery was found transected in nine
patients (32.1%) and thrombosed in six (21.4%), and an
intimal flap was seen in 11 patients (27.3%). Percutaneous
transarterial repair during arteriography was not
performed. 

Discussion

The rate of popliteal artery injuries and amputations in knee
dislocations in our patient population remains alarmingly
high. Missing knee dislocations and associated injuries
poses a high risk of limb loss and can be life-threatening. 

table i: Mechanism of injury

Mechanism N (%) Limb loss

Fall 14 (50%) 4/14 (28.6%)

MVC 11 (39.3%) 3/11 (27.3%)

Soccer 3 (10.7%) 0

Total 28 7 (25%)

N = number; MVC = motor vehicle crash

table ii: Associated conditions and injuries

Associated conditions N (%) Limb loss

Popliteal vein 3/28 (10.7%) 2/3 (66.7%)

Compartment syndrome 4/28 (14.3%) 2/4 (50%)

Threatened limb 10/28 (35.7%) 5/10 (50%)

table iii. Vascular repair 

Type of repair N (%) Limb loss

Direct 9/28 (32.1%) 0

RSVG 17/28 (60.7%) 5/17 (29.4%)

RSVG = reverse saphenous vein graft
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Therefore, the most severe form of knee dislocation should
be assumed until further examination and special investi-
gations have ruled out associated injuries. 

In two patients of our study a knee dislocation was
missed as the joint had reduced prior to admission to the
emergency unit and a multidirectional instability of the
knee was overlooked. This might point to a much larger
number of knee dislocations without vascular injuries,
which are missed on admission. In our study 28 of 96 knee
dislocations were found to have a popliteal artery injury
(29.1%). This incidence is comparable to above-mentioned
studies although a Finnish population-based study has
reported popliteal artery injury rates as low as 1.6% with
only 0.1% of limb loss.9 Forty-six per cent of knee disloca-
tions were caused by falls on the same level and the lower
rate of popliteal artery injury might be a consequence of
this predominantly low-energy injury pattern. Our study
was done in a cohort recruited from a single centre and
subspecialised Level 1 Trauma Unit, rather than being a
population-based study and with this we might have
selected more severe injury patterns. Yet, we also
acknowledge our numbers could be lower if missed knee
dislocations were to be taken into account.

It remains controversial whether distal perfusion should
be assessed by means of physical examination (with or
without the measurement of Ankle-Brachial Index), or
routine arteriography.16 Most cases with threatened limbs
present with vascular hard signs or symptoms described
by de Bakey17 such as active haemorrhage, expanding
haematoma, bruit or thrill, and distal ischaemia with
symptoms like absent pulses, pain, paraesthesia, paralysis
and paleness. But often only subtle signs such as a dimin-
ished pulse amplitude and pain can be found, so that a
high index of suspicion is needed to avoid missing
vascular damage. 

Many authors agree that patients with a viable limb and
patent distal pulses should be reviewed regularly for 48
hours and treated conservatively unless deterioration is
evident.18 With adequately trained staff and appropriate
facilities, acceptable results have been reported with serial
neurovascular examinations including Ankle-Brachial Index
(ABI) measurements for at least 24 hours.18 This seems
advisable since the presence of normal pulses on admission
does not rule out a clinically significant vascular injury.16,19,20

Cases in which a viable limb shows an ABI of less than 0.90
warrant further vascular imaging and reperfusion. Other
options such as duplex ultrasonography (100% sensitivity
and 97% specificity for clinically significant arterial injury) or
CT angiography (95–100% sensitivity and 97–98% speci-
ficity) have also been described.21-23

Even though, serial neurovascular examinations have
shown equal sensitivity and specificity compared to
obtaining a formal angiographic study, we have adopted a
policy that ensures angiographic examination of all knee
dislocations. Despite these efforts our amputation rate
remains at 25% (seven of 28 patients) of diagnosed
vascular injuries.

A conservative approach to non-occlusive popliteal
artery injuries with serial neurovascular examinations
have been proposed by some centres with an adequate
set-up. This seems to be more cost effective and has less
morbidity for the patient than surgical exploration and
repair of the artery with a similar outcome.24 Contrary to
this, all of the patients who presented with a vascular
injury to our unit, occlusive or non-occlusive,
underwent vascular repair. Although no clear evidence
is available yet, the authors feel that serial examinations
are often of insufficient quality, and the costs and
morbidity of an early exploration of the popliteal artery
outweighs the risk taken if the patient deteriorates
unnoticed. 

One of the most influential factors for limb salvage is
the delay from injury to reperfusion. It is reported that if
reperfusion is achieved within 6 hours, amputation rates
can be kept below 10%. The amputation rate increases to
more than 80% if the ischaemic time reaches 8 hours.24 In
our series, five of ten threatened limbs could be salvaged
even after an ischaemic time of 10.8 hours (median, IQR:
9.2), but with five patients the sample size was too small
to make conclusions on time to revascularisation
without bias. A delay to revascularisation will most
likely lead to a high risk of reperfusion injury and subse-
quent multi-organ dysfunction. The exact point of
transition from a threatened pulseless limb with strong
vascular hard signs to a non-viable limb cannot be
measured clinically and it is therefore extremely
challenging for the surgeon and the patient to agree on
the indication for amputation. Factors such as overall
trauma load, associated injuries to bone and soft tissue
as well as age of the patient and comorbidities add to the
complexity of this decision. Two of our patients who
were revascularised after 10 hours developed acute
kidney injury. One of these patients died seven days
post-operatively due to multi-organ failure, highlighting
the danger of this endeavour.

A shortcoming of our study is that we might have
missed more knee dislocations and therefore are over-
reporting the incidence of popliteal artery injuries and
amputations. Although we report on one of the highest
number of knee dislocations for a single centre, the small
number of amputations makes it impossible to reach
strong conclusions on associated injuries and reasons for
amputations. We also note that we have not differen-
tiated falls into high-energy, low-energy and even ultra-
low energy falls and cannot assess differences here. 

Conclusion

The incidence of vascular injuries in knee dislocations
reached nearly 30%. The risk of amputations in knee dislo-
cations with associated popliteal artery injuries was 25%
and increased to more than 50% in patients who presented
with a threatened limb.
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