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Abstract

Background Vascular injury is a devastating complica-
tion of acute knee dislocation. However, there are wide
discrepancies in the reported frequency of vascular injury
after knee dislocations, as well as important differences
among approaches for diagnosis of this potentially limb-
threatening problem.

Questions/purposes We determined (1) the frequency of
vascular and neurologic injury after knee dislocation and
whether it varied by the type of knee dislocation, (2) the fre-
quency with which surgical intervention was performed for
vascular injury in this setting, and (3) the frequency with which
each imaging modality was used to detect vascular injury.
Methods We searched the MEDLINE™ literature database
for studies in English that examined the clinical sequelae and
diagnostic evaluation after knee dislocation. Vascular and
nerve injury incidence after knee dislocation, surgical repair
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rate within vascular injury, and amputation rate after vas-
cular injury were used to perform a meta-analysis. Other
measures such as diagnostic modality used and the vessel
injured after knee dislocation were also evaluated.

Results We identified 862 patients with knee dislocations,
of whom 171 sustained vascular injury, yielding a weighted
frequency of 18%. The frequency of nerve injuries after
knee dislocation was 25% (75 of 272). We found that 80%
(134 of 160) of vascular injuries underwent repair, and
12% (22 of 134) of vascular injuries resulted in amputation.
The Schenck and Kennedy knee dislocation classifications
with the highest vascular injury prevalence were observed
in knees that involved the ACL, PCL, and medial collateral
liagment (KDIIIL) (32%) and posterior dislocation (25%),
respectively. Selective angiography was the most fre-
quently used diagnostic modality (61%, 14 of 23), followed
by nonselective angiography and duplex ultrasonography
(22%, five of 23), ankle-brachial index (17%, four of 23),
and MR angiography (9%, two of 23).

Conclusions This review enhances our understanding of
the frequency of vascular injury and repair, amputation,
and nerve injuries after knee dislocation. It also illustrates
the lack of consensus among practitioners regarding the
diagnostic and treatment algorithm for vascular injury.
After pooling existing data on this topic, no outcomes-
driven conclusions could be drawn regarding the ideal
diagnostic modality or indications for surgical repair. In
light of these findings and the morbidity associated with a
missed diagnosis, clinicians should err on the side of cau-
tion in ruling out arterial injury.

Introduction

Knee dislocations may cause vascular injuries, including
injuries to the tunica intima, arterial occlusions, avulsion
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injuries, ruptures, or transections [5]. The popliteal artery’s
anatomic location places it at particular risk for damage
during knee dislocation. The popliteal artery originates at
the position of the tendinous hiatus of the adductor magnus
muscle; once distal to the popliteal fossa, it is anchored
firmly by the tendinous arch of the soleus muscle before
dividing into the anterior and posterior tibial arteries [21].
Thus, it is tethered firmly above and below the knee,
making this artery extremely susceptible to injury.
Because vascular injury is potentially limb threatening,
rapid identification and repair of vascular injury are criti-
cal. A delay in the diagnosis and repair of a vascular injury
increases the time of warm ischemia and the risk for irre-
versible injury, resulting in the possible need for an above-
knee amputation [3]. The reported frequency of vascular
injury after knee dislocation is variable, with most esti-
mates ranging from 22% to 32% [10, 41]. However, the
majority of studies in this setting have relatively few
patients, making them subject to sampling error, and/or
they report little or no followup [16, 17, 24, 29, 38, 39].
Other potential complications seen in knee dislocations
include compartment syndrome, deep vein thrombosis, and
most commonly, neurologic injury. Neurologic damage
involving the common peroneal nerve is estimated to occur in
approximately 25% of knee dislocations [31]. The common
peroneal nerve branches off the sciatic nerve and is located
obliquely lateral to the popliteal fossa, bending around the
fibular neck. While not a surgical emergency, injury to the
peroneal nerve may compromise dorsiflexion of the foot
leading to foot drop and gait impairment. Additionally, pares-
thesias and sensory loss to portions of the anterior lower lateral
leg and the dorsal surface of the foot may also occur [43].
There is currently considerable debate in the literature
regarding the optimal diagnostic method for detecting
vascular injury. Conventional angiography was once the
gold standard for diagnosis and was routinely ordered after
knee dislocation. Some studies recommend routine angi-
ography for all patients presenting with knee dislocation
[6, 28], but many authors now advocate the use of selective
angiography, suggesting only those patients with abnormal
pulses or ankle-brachial indexes (ABIs) undergo angiog-
raphy [13, 20, 28, 32]. Proponents of the former school of
thought point out the grave clinical consequences of a
missed vascular injury diagnosis, while those of the latter
cite the accuracy of noninvasive screening examinations, as
well as the costs and risks associated with angiography.
Since each imaging technique inherently has its own
advantages, agreement as to which method is the most
readily available, is cost-effective, and has the most evi-
dence-based support, along with the highest positive
predictive value, cannot be found in the literature [28, 34].
This paper serves to provide data on these diagnostic
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methods in the current literature to serve as a source of
information for further studies to be conducted.

In this systematic review, we surveyed the existing data
to determine (1) the frequency of vascular and neurologic
injury after knee dislocation and whether vascular injury
varied by the type of knee dislocation, (2) the frequency
with which surgical intervention was performed for vascular
injury in this setting, and (3) the frequency with which each
imaging modality was used to detect vascular injury.

Materials and Methods
Literature Search

Three reviewers (OM, GAA, MGY) independently searched
the MEDLINE® literature database for studies published in
English, including randomized controlled trials, quasiran-
domized control trials, prospective and retrospective cohort
studies, and case series that examined the clinical sequelae
and diagnostic evaluation after knee dislocation (last search
May 3, 2013). The search terms used were “knee disloca-
tion” and “multiple ligament knee” and the search limits
were English language and human subjects. The bibliogra-
phies of the retrieved articles were also reviewed to locate
additional studies not found in the initial search (Fig. 1).

Study Selection and Data Extraction

The three reviewers evaluated the search results to identify
those studies that were potentially relevant to this study. For
the purposes of this study, knee dislocation was defined as
gross knee instability with multiligamentous injury [27].
Papers that reported specifically on frequency of or diag-
nostic modalities for vascular injury were further evaluated.
Exclusion criteria were case reports, review articles, and
surgical technique articles. Retaining articles after full-text
review required unanimous consensus among the three
reviewers. Unanimous consensus was achieved in all cases.
Twenty-three studies including 907 patients were evaluated
[1,2,4,6,8,11, 14,17, 19, 20,22, 27-29, 33-36, 38, 39, 41,
44, 45]. None of these studies were Level I, six studies were
Level II, 15 studies were Level III, and two studies were
Level IV. Fifteen studies totaling 756 patients reported the
age of their patients with knee dislocation, yielding a mean
age of 31.6 years (range, 12-78 years) [2, 4, 6, 8, 11, 20, 22,
27-29, 33-35, 38, 39].

Two reviewers (OM, GAA) independently extracted
data. Disagreements between reviewers were resolved by
consensus or consultation with a third reviewer (MGY).
The information gathered included author and publication
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Results for “knee dislocation” or
“multiligament knee” (n = 2088)

Initial search (n = 2340)

Table 1. Anatomic classification of knee dislocations using Schenck
system with Wascher modification [40]

Excluded based on title (n = 1906)

Excluded based on abstract
(n=132)

Excluded based on full text (n = 27)
Failed criteria (n = 5)

Review article, editorial, case study (n = 22)

Total retained references (n = 23)

Fig. 1 A flowchart shows the sequence of the literature review.

year, study type, total patient count, number of knee dis-
locations, number of vascular injuries, vessels injured,
number of nerve injuries, number of injuries surgically
repaired, amputation rate after vascular injury, diagnostic
modality of vascular injury detection, and classification of
knee dislocation associated with vascular injury. For the
purposes of this review, vascular injury was defined as
occlusion, thrombosis, transection, intimal flap, or intimal
tear. Arterial spasm alone was not classified as vascular
injury. Nerve injury was defined as any reported injury to
the nerves. Anatomic classification of knee dislocation
resulting in vascular injury was also evaluated. Disloca-
tions were classified either by Schenck classification, with
Wascher modification (Table 1) [40], or by direction of
tibial displacement relative to the femur (Kennedy system
[18]) [14, 34].

The Kennedy classification of knee dislocation uses
tibial displacement relative to the femur and has five cat-
egories of dislocation: anterior, posterior, lateral, medial,
and rotatory [18]. The Schenck classification is based on
the number of ligaments ruptured and typically includes
five classifications: KDI (both cruciate ligaments are
intact), KDII (both cruciate ligaments only are ruptured),
KDIII (one cruciate and one collateral ligament are rup-
tured), KDIV (panligament rupture), and KDV (fractural
dislocation) [37]. With Wascher modification, the lateral
ligament ruptured is specified, and two additional classifi-
cations are included: KDIIIM (one cruciate and medial
collateral ligament ruptured) and KDIIIL (one cruciate and

Duplicates (n = 252) Type Description

KDI Multiligamentous injury with either cruciate intact

KDII Bicruciate injury only

KDIII Multiligamentous injury involving rupture of
bicruciate and either collateral

KDIIIM Multiligamentous injury involving bicruciate and
MCL rupture

KDIIIL Multiligamentous injury involving bicruciate and
LCL rupture

KDIV Panligament rupture

KDV Fractural dislocation

MCL = medial collateral ligament; LCL = lateral collateral ligament.

lateral collateral ligament ruptured) (Table 1) [40]. Thus,
knee dislocations are reported as KDIII where studies used
Schenck classification and reported as KDIIIM/KDIIIL
where Schenck classification with Wascher modification
was used. Seven studies totaling 584 knee dislocations
reported on the classification of knee dislocation, with three
studies using directional (Kennedy) classification, four
studies using the Schenck classification system, and one
study using both [2, 20, 27, 28, 33, 38, 39] (Table 2).
According to the Schenck classification, 27 patients were
identified with KDI knee dislocations, two with KDII dis-
locations, 19 with KDIIIM dislocations, 28 with KDIIIL
dislocations, 55 with KDIII dislocations, 72 with KDIV
dislocations, and 51 with KDV dislocations. No patients
with KDI dislocations, no patients with KDII dislocations,
five patients with KDIIIM dislocations, nine patients with
KDIIIL dislocations, two patients with KDIII dislocations,
12 patients with KDIV dislocations, and three patients with
KDV dislocations sustained vascular injury after knee
dislocation. According to the Kennedy classification, 132
patients sustained posterior knee dislocations, 128 anterior
dislocations, 50 lateral dislocations, 30 medial dislocations,
and seven rotatory dislocations. Thirty-three posterior
dislocations, 25 anterior dislocations, nine lateral disloca-
tions, two medial dislocations, and one rotatory dislocation
resulted in vascular injury.

Using the collected data, we determined frequency of
vascular injury after knee dislocation and which vessels
were primarily injured. Twenty studies totaling 862
patients reported the frequency of vascular injury after
knee dislocation [2, 4, 6, 8, 11, 14, 17, 19, 20, 22, 27-29,
33, 35, 36, 38, 39, 41, 44]. Three studies totaling 57
patients only reported data for patients with confirmed
vascular injury and consequently could not be used to
calculate a vascular injury frequency [1, 34, 45]. Twenty
studies totaling 833 patients specified the vessels injured
[1,2,4,6,11, 17,19, 20, 22, 27-29, 33, 34, 36, 38, 39, 41,
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Table 2. Prevalence of vascular injury after knee dislocation by Schenck or directional (Kennedy) classification

Study Prevalence of vascular injury (%)
Schenck classification Kennedy classification
KDI KDII KDIIIM KDIIL KDIII KDIV KDV Posterior Anterior Lateral Medial Rotatory
Azar et al. [2] (2011) 0 0 43 33 60 100 38 0
Klineberg et al. [20] (2004) 33 20 0
McDonough and Wojtys [27] (2009) 0O 0 17 32 14 0
Mills et al. [28] (2004) 33 42 0 0
Nicandri et al. [33] (2010) 0 0 10
Stannard et al. [38] (2004) 0 0 16 3
Treiman et al. [39] (1992) 31 19 27 7 14

44, 45]. We then stratified the frequency of vascular injury
after knee dislocation based on knee dislocation classifi-
cation. The frequency of nerve injury was also determined.
Ten studies totaling 272 patients reported the frequency of
nerve injury after knee dislocation [1, 2, 4, 6, 11, 19, 35,
36, 41, 44]. No assessment as to which classification of
knee dislocation more commonly resulted in nerve injury
was made. The frequency of surgical repair of the vascular
injuries was determined, as well as the amputation rate,
reasons for amputation, and frequency of each reason.
Sixteen studies totaling 160 patients with vascular injury
after knee dislocation reported the number of patients that
underwent vascular repair [1, 2, 4, 6, 11, 14, 17, 19, 20, 28,
29, 33-36, 39], and 13 studies totaling 134 patients
reported amputation information [2, 4, 8, 11, 14, 27-29, 33,
35, 38, 41, 44]. Finally, we evaluated the types of imaging
modalities used to detect vascular injury and determined
the frequency of each type. Twenty-one studies totaling
873 patients reported on the diagnostic modalities [1, 2, 4,
6, 11, 14, 17, 19, 20, 22, 27-29, 33-36, 38, 39, 41, 45].

The Newcastle-Ottawa Scale was used to evaluate the
quality of the nonrandomized cohort studies used in this
systematic review. This scale uses a star system to assess
three study characteristics: (1) selection, (2) comparability,
and (3) outcomes. An article of the worst possible quality
would be awarded zero stars, while an article of the best
possible quality would be awarded nine stars [42]. Six
studies scored six stars, while 17 scored seven stars
(Table 3).

Statistics

A random-effects model was used to generate weighted
averages and to assess the heterogeneity among studies for
all quantitative measures, including frequency rates of
vascular injury, nerve injury, surgical repair after vascular
injury, and amputation after vascular injury [7, 30]
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(Table 3). Standard error for rates was presented as 95%
CIs. Standard error was used because we wished to deter-
mine the degree to which each study’s reported injury
frequency (sample mean) differed from the overall injury
frequency (population mean), in contrast to the SD, which
would only describe the degree to which individuals within
each study differed from that study’s frequency. Cochrane
I? values were tabulated for quantitative measures and
values of 25%, 50%, and 75% were classified as low,
moderate, or high, respectively, according to the Cochrane
Statistical Methods Group [12]. Heterogeneity is the exis-
tence of underlying differences between studies beyond
chance alone. Cochrane I? expresses, as a percentage, the
total variation across studies due to heterogeneity. An I*
value of 0% indicates that all observed differences are due
to chance (no heterogeneity), while a value of 100%
indicates complete inconsistency between studies [30].
Heterogeneity among the studies for frequency rates
ranged from low for vascular injury, nerve injury, and
amputation rate to moderate for rate of surgical repair.

Results

The frequency of vascular injury after knee dislocation was
18% (171 of 862 patients; 95% CI, 12.8%-22.2%; 1> =
4.5%) (Fig. 2). The frequency of nerve injuries was 25%
(75 of 272 patients; 95% CI, 13.9%-35.7%; I’ = 0.4%). We
also found that the type of knee dislocation was associated
with the likelihood of a vascular injury; the Schenck and
Kennedy classifications with the highest vascular injury
prevalence were KDIIIL (32%) (nine of 28) and posterior
dislocation (25%) (33 of 132), respectively (Fig. 3). Of two
KDII dislocations reported in this study, one was due to
ultra-low-velocity dislocation in an obese patient and the
other was unspecified. This is of importance because KDII
dislocations are typically diagnosed in the chronic setting.
As to the vessels injured, while the majority of studies
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Table 3. Incidence of vascular and nerve injuries after knee dislocation

Study Number Vascular  Nerve  Vessel Vascular injuries ~ Amputation  Study quality
of knee injury injury  injured surgically rate (%) (number of
dislocations* (%) (%) (%) repaired (%) quality stars)T

Alberty et al. [1] (1981) 20 15 PA (100) 50 6

Azar et al. [2] (2011) 17 41 41 PA (100) 100 9 6

Boisrenoult et al. [4] (2009) 67 12 44 PA (100) 44 26 7

Bui et al. [6] (2008) 20 5 5 PA (100) 100 7

Frassica et al. [8] (1991) 17 59 11 7

Harner et al. [11] (2004) 47 11 9 PA (100) 83 16 7

Ibrahim et al. [14] (2008) 36 14 100 22 6

Kendall et al. [17] (1993) 35 16 PA (100) 100 7

King et al. [19] (2009) 7 43 43 PA (100) 67 7

Klineberg et al. [20] (2004) 55 22 PA (92) 50 7

SFA (8)

Levy et al. [22] (2010) 9 22 PA (100) 7

McDonough and Wojtys [27] (2009) 72 (71) 17 PA (100) 14 7

Mills et al. [28] (2004) 51 29 PA (82) 100 4

SFA (9)
ATA (9)
CFA (9)

Miranda et al. [29] (2002) 35 17 PA (100) 100 29 7

Nicandri et al. [33] (2010) 31 19 PA (100) 67 40 7

Patterson et al. [34] (2007) 18 PA (94) 100 6

ATA (6)

Potter et al. [35] (2002) 21 10 48 100 17 7

Rios et al. [36] (2003) 28 7 23 PA (100) 100 7

Stannard et al. [38] (2004) 134 (126) 7 PA (100) 16 7

Treiman et al. [39] (1992) 115 39 PA (87) 95 7

MGA (7)
ATA (4)
PTA (4)

Wascher et al. [41] (1997) 47 (44) 22 16 PA (100) 6

Wright et al. [44] (1995) 18 26 37 PA (100) 17

Yahya et al. [45] (2005) 19 PA (100) 89 6

* Studies with bilateral knee dislocations also give a patient count in parentheses; the Newcastle-Ottawa Scale [42] was used to evaluate the
quality of the studies used in this systematic review; an article of the worst possible quality would be awarded zero stars, while an article of the
best possible quality would be awarded nine stars; PA = popliteal artery; SFA = superficial femoral artery; ATA = anterior tibial artery; CFA =
common femoral artery; MGA = medial genticular artery; PTA = posterior tibial artery.

reported injuries only to the popliteal artery (76%), other
vessels included the medial genicular artery, anterior tibial
artery, posterior tibial artery, superficial femoral artery, and
common femoral artery (Table 3).

The large majority of patients in whom vascular
injuries were diagnosed underwent surgical repair: 80%
(134 of 160 patients; 95% CI, 72.8%-87.5%; I* = 55.0%).
Of these 134 patients, 22 underwent amputation, resulting
in an amputation frequency of 12% (95% CI, 4.8%-
19.3%; 1% = 0.0%) (Table 3). The majority (73%, 16 of
22) of amputations were performed due to infection or

ischemia subsequent to failed vascular repair, while the
remainder of amputations were performed at presentation
due to prolonged ischemia or complete neurovascular
disruption.

We found that, among diagnostic modalities, angiogra-
phy was used most frequently (90% of studies), followed
by duplex ultrasonography (24%), ABI (19%), and MR
angiography (9.5%) (Table 4). Of 18 studies that reported
on the use of selective versus routine angiography, only
two studies recommended routine angiography on all
patients presenting with knee dislocation [4, 27].
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Azar et al. [2] (2011)

41 (11-71)

Boisrenoult et al. [4] (2009) | 12 (4 - 20) |
Bui et al. [6] (2008) | 5(0-15) [
Frassica et al. [8] (1991) |  59(23-95 |
Harner et al. [11] (2004) 11(2-21)
Ibrahim et al. [14] (2008) 14 (2 - 26)
Kendall et al. [17] (1993) 16 (3-29)

King et al. [19] (2009) 43 (0-92)
Klineberg et al. [20] (2004) 22 (10 -34)

Levy et al. [22] (2010) 22 (0-53)
McDonough & Wojtys [27] (2009) 17 (8 -27)

Mills et al. [28] (2004) 29 (14 - 44)
Miranda et al. [29] (2002) 17 (3-31)
Nicandri et al. [32] (2010) 19 (4-34)
Potter et al. [35] (2002) 10 (0-24)

Rios et al. [36] (2003) 7(0-17)
Stannard et al. [38] (2004) 7 (3-12)
Treiman et al. [39] (1992) 39 (28 - 50)
Wascher et al. [40] (1997) 22 (9-35)
Wright et al. [44] (1995) 26 (2 - 50)
Effect Sumary | 18(13-22) |

Random effects model (I? = 4.5%)
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Fig. 2 A Forest plot demonstrates the weighted combination of studies to calculate the vascular injury frequency (18%; 95% CI, 12.8%-22.2%).
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Fig. 3A-B Prevalence of vascular injury after knee dislocation is shown, stratified by (A) Schenck classification and (B) Kennedy classification.

Discussion

The morbidity associated with vascular injury after knee
dislocation makes prompt diagnosis and treatment of these
lesions critically important. The existing literature cites a
wide range of frequency for these injuries and reveals a
difference of opinion regarding the proper diagnostic
evaluation. This review sought to determine the frequency
of vascular and neurologic injury after knee dislocation,
how often surgical intervention was performed for vascular
injury in this setting, and the frequency with which each
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imaging modality was used for the detection of vascular
injury.

This study is limited by the heterogeneity of the
included studies. While heterogeneity tests (I*) were per-
formed using a random-effects model, there are likely
undetected differences that affect the reported results. For
example, Azar et al. [2] included only obese patients with
ultra-low-velocity knee dislocation, whereas the study of
King et al. [19] consisted exclusively of open knee dislo-
cations. This study is limited by the fact that results are
split by the classifications used in the original study. In
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Table 4. Diagnostic modalities used to detect vascular injury after knee dislocation

Study Ankle-brachial index

Angiography Duplex MR arthrography

Alberty et al. [1] (1981)

Azar et al. [2] (2011)

Boisrenoult et al. [4] (2009) X
Bui et al. [6] (2008)

Harner et al. [11] (2004)

Ibrahim et al. [14] (2008)

Kendall et al. [17] (1993)

King et al. [19] (2009)

Klineberg et al. [20] (2004)

Levy et al. [22] (2010) X
McDonough and Wojtys [27] (2009)

Mills et al. [28] (2004) X
Miranda et al. [29] (2002)

Nicandri et al. [33] (2010) X
Patterson et al. [34] (2007)

Potter et al. [35] (2002)

Rios et al. [36] (2003)

Stannard et al. [38] (2004)

Treiman et al. [39] (1992)

Wascher et al. [41] (1997)

Yahya et al. [45] (2005)

X
X
X X

T T B B I ST T I S R e

X

addition, our study is limited by a lack of outcome mea-
sures for diagnostic modalities or treatment options. A
meta-analysis including outcome measures was attempted;
however, outcome measures among different studies
(ROM, IKDC score, Lysholm score) were too diverse to
permit accurate combination and analysis. As with any
systematic review, our data are limited by the quality of
included studies.

The previously reported frequency of vascular injury is
variable, with two large studies reporting a frequency of
between 23% and 32% [10, 34]. In this review, studies with
a majority of high-energy knee dislocations reported vas-
cular injury frequencies between 7% and 43% [17, 19, 22,
27, 28, 33, 36, 38, 39, 41, 44], while those with a majority
of low-energy dislocations (falls, sports injuries) reported
frequencies of between 5% and 11% [6, 11]. One study of
ultra-low-velocity knee dislocation in the obese had a
vascular injury frequency of 41% [2]. The highest fre-
quency was found in KDIIIL (32%) and posterior (25%)
dislocations. KDIII injuries involve both cruciates and
either collateral ligament. They usually represent higher-
energy injuries, which can explain the higher frequency of
vascular damage. Posterior dislocations are thought to
produce shearing forces that result in intimal tearing and
arterial transection, whereas anterior dislocations tend to
cause arterial stretching injuries [39]. Nevertheless,
because vascular injury can occur with any type of knee

dislocation, it is imperative that every case be approached
with the same diagnostic vigilance. In addition, predicting
the risk of vascular injury based on directionality is made
more difficult by the fact that many dislocations sponta-
neously reduce before presentation [9]. The popliteal artery
is the most commonly injured vessel in the setting of knee
dislocation because it is firmly anchored above and below
the knee [34]. Of the 20 studies in our review reporting the
vessels injured, all reported injury of the popliteal artery,
either alone or in combination with other vessels.

We found that surgery was performed to treat vascular
injuries in approximately 80% (134 of 160 patients), and
the aggregate amputation frequency was 12% (22 of 134
patients). After surveying the data extracted from the lit-
erature, it is difficult to analyze what factors led to surgical
repair because most studies did not mention specific indi-
cations for surgery in the setting of vascular injury. In
addition, the circumstances surrounding cases of amputa-
tion were not explicitly stated. It has been shown that total
ischemia time is directly correlated to rate of amputation
[34]. The data in this review, however, did not consistently
report time from injury to repair.

The best method for evaluating vascular injury in patients
with knee dislocation is not so clear. The rationale behind the
use of routine angiography, which was the historical
approach but remains something that some authors advocate,
is that physical examination findings can be misleading and
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that the consequences of a missed diagnosis can be cata-
strophic [25]. Patients with initially normal pulses or
Doppler signals can eventually develop thromboses, leading
to late vascular compromise [26]. Patterson et al. [34] and
McCoy et al. [25] emphasized the association between nor-
mal peripheral pulses with intimal tears of the popliteal
artery. Furthermore, McDonough and Wojtys [27] showed
that physical examination alone failed to identify significant
vascular injury. Angiography is not without its risks, how-
ever, which include hematoma, pseudoaneurysm, and
arteriovenous fistula formation, as well as contrast-induced
nephropathy [17, 24, 38]. Its use also adds to healthcare costs
and increases the time for surgical treatment if performed in
cases where there is hard evidence of vascular injury (distal
ischemia, active hemorrhage, or expanding pulsatile hema-
toma) [38]. Some studies have also found false-positive
results with the use of angiography ranging from 2.4% to 7%,
leading to unnecessary surgical procedures and possible
iatrogenic arterial or neurologic injury [23, 36, 38]. For these
reasons, many authors now favor a number of selective
angiography tests. Nicandri et al. [33] recommended pedal
pulse examination and at least one imaging modality over an
observation period of a minimum 24 hours. A less invasive
study used in detecting popliteal artery injury when com-
pared to arteriography is ABIL In addition to its safety,
reproducibility, and economic considerations, it has been
shown to be 95% to 100% sensitive and 80% to 100% spe-
cific in detecting vascular injuries requiring surgical repair
[24]. Boisrenoult et al. [4] recommended immediate dislo-
cation reduction if necessary, followed by ABI, and
subsequent arteriogram or MR arthrography on all patients
with knee dislocation, regardless of ABI findings. In addi-
tion, all patients who presented with abnormal ABI were
evaluated with duplex ultrasound, another noninvasive
imagining modality being explored in this setting, before
arteriogram [4]. Levy et al. [22] used ABI both before and
after reduction of dislocation, followed by arteriogram for
patients with abnormal ABI or hard signs of vascular injury.
Other studies surveyed included similar recommendations
for reduction followed by pulse examination with ABI or
duplex and arteriogram or immediate surgical exploration
for those with abnormal findings [2, 11, 17, 28, 34, 35, 38, 39,
41, 45]. MR arthrography also shows potential in this setting
through its convenience of including venous contrast while
conducting a conventional MRI to evaluate ligamentous
injury [15], though more studies are needed to determine its
effectiveness in an acute setting.

Knee dislocations are relatively uncommon injuries and
subsequent vascular injury occurs only in a subset of these;
this relative rarity, combined with their potentially pro-
found morbidity, means that clinicians must be especially
vigilant in their diagnosis. Nonetheless, these potentially
limb-threatening injuries continue to represent a diagnostic
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and treatment challenge to the clinician handling them.
This study enhances our understanding of the frequency of
vascular and nerve injuries after knee dislocation and of the
diagnostic and treatment options available to physicians.
The information shown here serves to illustrate the great
difficulty clinicians face in determining the most effective
method needed to determine vascular injury. In the current
study, it was shown that posterior dislocations have a
higher likelihood of concomitant vascular compromise. As
such, the clinician should have an especially heightened
clinical suspicion in this setting and should err on the side
of caution in ruling out arterial injury. The best approach to
evaluate vascular injury in this setting remains an incom-
pletely answered question with the existing body of
literature. Future studies should focus on prospective
examination of different diagnostic and treatment modali-
ties in the management of knee dislocation, with particular
focus on outcomes after vascular injury. In addition, the
role of MR arthrography versus angiography should be
investigated, as the former can obviate the need for an
additional invasive procedure.
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