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Abstract: Background/Objectives: Popliteal artery injury is a rare but devastating compli-
cation of knee dislocations, significantly increasing the risk of limb ischemia, amputation,
and poor functional outcomes if not promptly managed. This systematic review primarily
evaluates the functional outcomes associated with this injury but also reviews current
research on diagnostic modalities and treatment strategies to provide a comprehensive
understanding of this severe orthopedic and vascular injury. Methods: A systematic search
of PubMed, in accordance with PRISMA Guidelines, identified 144 studies, of which 13 full-
text articles were assessed for eligibility after excluding 131 during the title and abstract
screening. Six studies were excluded due to missing vascular injury or functional outcome
data or being written in a foreign language, leaving seven studies for inclusion. These stud-
ies were predominantly retrospective, focusing on knee dislocations with popliteal artery
injury and reporting validated functional outcomes such as the Lysholm and International
Knee Documentation Committee (IKDC) scores. The data were synthesized narratively
due to heterogeneity in the study designs, interventions, and outcome reporting. Results:
Patients with vascular injuries consistently demonstrated poorer functional outcomes com-
pared to those without, with mean or median Lysholm and IKDC scores consistently being
lower than non-vascular injury patients. Increased BMI, delayed intervention, and multi-
ligamentous injury were associated with worse outcomes, highlighting the importance of
timely surgical management. Early repair and grafting techniques improved functional
recovery, while diagnostic modalities such as Doppler ultrasound and CT angiography
showed high sensitivity in detecting vascular injury. Complications included limb ischemia,
prolonged rehabilitation, and amputation, often linked to delayed diagnosis. Conclusions:
Knee dislocations with popliteal artery injury require rapid diagnosis and early surgical
intervention to optimize functional outcomes and reduce complications. Standardized
outcome measures and high-quality prospective research are needed to refine management
strategies and address patient-specific factors like BML
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1. Introduction

The popliteal artery is a direct continuation of the superficial femoral artery. It is
located on the posterior side of the knee, and its branches supply the distal portion of the
leg [1]. Its proximity to the knee puts this artery in a vulnerable position in the event of
a high-energy injury, including a tibiofemoral (knee) dislocation, tibial plateau fracture,
or distal femur fracture. High-speed motor vehicle accidents, contact sports, or falls have
been shown to cause tibiofemoral dislocations [2—4]. These injuries can result in complex
diagnoses with associated complications.

These complications include damage to the popliteal artery, which can lead to limb
ischemia, necrosis, and amputation when not treated or diagnosed right away [5]. The
rate of amputation rises when this injury is left undiagnosed for as little as 6 h without
revascularization [6]. According to a study published in 2021, blunt popliteal artery injury
(BPAI) ranged from 2—40% of patients who suffered tibiofemoral dislocations, with 10-50%
of those cases resulting in amputation [7]. About 30% of knee dislocations resulting from
high-energy injuries involve popliteal artery disruption [3]. In regards to popliteal artery
injury, timely diagnosis is the most crucial aspect in mitigating detrimental complications
and the possible amputation of the distal extremity.

The current literature contains gaps in terms of recommendations for standardized
approaches in diagnosing and treating popliteal artery injury as a result of knee dislocation.
Previous recommendations for diagnosis include checking for active pulsatile bleeding,
absent distal pulses, and distal limb ischemia [8]. When there is suspicion of these injuries,
bedside Doppler ultrasound has also been shown to be useful [8]. In the more recent
literature, diagnosis via CT angiography with vascular injury provides rapid diagnostic
material when paired with timely consults to vascular surgery [9]. Due to the current
sparsity of a standardized diagnostic approach to popliteal artery injury, we aim to review
and determine the efficacy of current popliteal artery injury protocols. Additionally, we
aim to provide a supplementary literature review on the popliteal artery and surrounding
knee anatomy while including relevant outcomes regarding popliteal artery repair.

1.1. Anatomy

The vascular anatomy relevant to the popliteal artery begins with the aorta, which
branches to form the common iliac artery. This then branches into the external iliac artery
before transitioning into the common femoral artery. The common femoral artery then
bifurcates into the superficial and deep femoral arteries. The superficial femoral artery
continues down the thigh and, upon reaching the adductor canal, is named the popliteal
artery, the primary blood supply to the distal lower extremity [10]. The proximal tethering
of the popliteal artery to the adductor hiatus and distal passage behind the soleal arcade
increases its risk of disruption, as it is unable to handle the increased distance generated
between the tibia and femur during knee dislocation [11]. Upon reaching the proximal calf
region, the popliteal artery gives off branches that provide the primary blood supply to
the distal lower extremity. As shown in Figure 1, the popliteal artery bifurcates into the
anterior tibial artery and tibioperoneal trunk. The anterior tibial artery gives rise to the
dorsalis pedis artery, among others, which provides the blood supply to the dorsum of
the foot and serves as an important part of the physical exam when checking pulses in
the dorsum of the foot. The tibioperoneal trunk branches further into the peroneal and
posterior tibial arteries. The popliteal artery also provides genicular branches that confer
collateral circulation of the knee through an anastomosis [12].
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Figure 1. Anatomical course of the popliteal artery.

Analysis has been conducted on the prevalence of specific variations of the popliteal
artery and their respective branching patterns. Tomaszewski et al. conducted a systematic
review and meta-analysis to understand the prevalence of these variations using data from
cadaveric and imaging studies [13]. By using a system first devised by Lippert and Pabst
in 1985 and modified by Kim et al. [14] in 1989, they classified popliteal artery branching
variants under Type I, Type II, and Type IIL. Type I refers to branching occurring at the
level of the inferior border of the popliteus, whereas Type Il refers to branching occurring
superior to the knee [14]. Type Il refers to any hypoplasia or aplasia of any of the branches
but may follow a common branching pattern [13,14]. Type I-A, a specific subdivision of
Type I, is the most commonly seen variation, with a prevalence of 92.6%, and follows
the anatomy described above [13]. The second most common variation, Type I-B, with
a prevalence of 2.6%, involves a trifurcation of the anterior tibial, posterior tibial, and
peroneal arteries from the popliteal artery at the inferior border of the popliteus. Type II
branching, across all of its subdivisions, had a combined prevalence of 3.9%. These findings
suggest the importance of surgeon awareness of these variants in any vascular repair,
as the anatomy of the vasculature can be drastically different if a patient falls into the
Type II group.

The popliteal artery can be palpated in the posterior compartment of the knee, making
it accessible for physical examination in clinical settings [1]. Additionally, the peroneal
nerve, which innervates muscles in the lower leg and foot, is closely associated with the
popliteal artery. Damage to this nerve can result in significant functional impairments [15].

The knee joint is a compound trochoginglymus or a gliding hinge joint [16]. This
compound joint incorporates both the tibiofemoral and patellofemoral articulations. Some
sources also include the proximal tibiofibular joint [17]. It is maintained by both non-
contractile static stabilizers, including ligaments and fibrocartilaginous tissues such as the
menisci, and contractile dynamic stabilizers, including muscles and tendons. The four
primary ligaments providing stabilization to the knee are the anterior cruciate ligament
(ACL), posterior cruciate ligament (PCL), medial collateral ligament (MCL), and lateral
collateral ligament (LCL) [18]. The ACL and PCL provide static stabilization against
anterior and posterior translation, respectively, while the MCL and LCL provide static
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stabilization against excessive valgus and varus forces, respectively [4]. The medial and
lateral menisci disperse axial loads and rotational forces transmitted to the knee [4].

Tibiofemoral dislocation is most commonly classified utilizing two classification sys-
tems: the Kennedy classification, which is descriptive in nature, and the Schenck classifica-
tion, which is based on the injury to the knee’s ligaments. The Kennedy classification is
based on the direction of displacement of the tibia: anterior, posterior, medial, lateral, or
rotational. Anterior and posterior displacements are most commonly seen, with estimates
indicating they make up 30-50% and 30-40% of all knee dislocation injuries [17]. It has
been noted that posterior displacement, typically due to significant axial load to the flexed
knee, is associated with the highest rate of vascular injury and the highest incidence of
complete transection of the popliteal artery [17].

The utility of the Kennedy system, described by JC Kennedy in 1963 [19], is that it
provides ease of use; however, it has been noted for its inadequate incorporation of other
injuries to the ligamentous structure of the knee [20]. The Schenck classification, devised
in 1994 by RC Schenck, incorporates ligamentous injuries into its classification, with KD
(knee dislocation) I and II denoting injuries to one or both cruciate ligaments, respectively.
KDIII-M and KDIII-L denote injuries to both cruciate ligaments, as well as either the
MCL or LCL, respectively. KDIV denotes injuries to both cruciate ligaments and both
collateral ligaments. Finally, KDV represents a multi-ligamentous injury with an associated
periarticular fracture [20]. Of note, in 1997, Wascher et al. proposed a modification to denote
arterial or nerve injury with a -C or -N sulffix, respectively [21]. The Schenck classifications,
each with their associated ligamentous injury, are presented in Table 1.

There is some variance in the literature on which Schenck classification injury has the
highest prevalence of popliteal artery injury. A 2004 prospective outcome study found
that 7% of 138 patients had popliteal artery damage, with seven out of those nine patients
having KDIV injuries [22]. Two more recent cross-sectional studies noted that patients with
KDIII-L injuries had five and nine times greater odds of popliteal artery injury than in other
ligament injury types [23,24]. A systematic review incorporated data from 862 patients
and found that vascular injury occurred in patients with a weighted frequency of 18% [25].
Injury solely to the popliteal artery was found in 76% of patients, with other patients
having disruption to other or additional vessels, including the anterior and posterior tibial
arteries and the middle genicular artery. It also found that vascular injury occurred with
the highest frequency in KDIII-L and posterior dislocations, accounting for 32% and 25% of
dislocations, respectively. These data show the need for heightened vigilance for vascular
injury, namely popliteal artery injury, in patients with multi-ligamentous injuries of the
knee, such as KDIII or KDIV injuries.

Table 1. Key Points: This table highlights the types of knee dislocations and their associ-
ated ligament injuries, with KD-IV having the most complex injuries involving all major
ligaments and KD-V indicating fracture-dislocation. Awareness of these classifications may
assist clinicians in anticipating potential popliteal artery damage.

Table 1. The Schenck classification describes knee dislocations by the pattern of ligamentous injury.

Schenck Classification Criteria for Knee Dislocation

KD Classification Description

Dislocation, including disruption of one

KD-1 cruciate ligament (ACL or PCL)

Dislocation, including disruption of both

KD-IT cruciate ligaments (ACL and PCL)
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Table 1. Cont.
Schenck Classification Criteria for Knee Dislocation
KD Classification Description
KD-ITIM Dislocation, including disruption of both
cruciate ligaments (ACL and PCL) and the MCL
KD-TIIL Dislocation, including disruption of both
cruciate ligaments (ACL and PCL) and the LCL
Dislocation, including disruption to both
KD-1V cruciate ligaments (ACL and PCL) and both collateral
ligaments (MCL and LCL)
KD-V Fracture-dislocation

KD = Knee dislocation; ACL = anterior cruciate ligament; PCL = posterior cruciate ligament; MCL = medial
collateral ligament; LCL = lateral collateral ligament.

1.2. Presentation and Diagnosis

The presentation of popliteal artery injury can vary significantly based on several
factors, including the patient’s body mass index (BMI). The mechanism of injury can also
involve low-velocity trauma, such as standing up from a seated position in high BMI
patients (BMI > 30), as opposed to high-energy trauma seen in motor vehicle accidents [26].
Higher BMI has been associated with increased difficulty in diagnosing vascular injuries
due to the challenges in palpating pulses and assessing vascular integrity [27]. Despite the
presence of a pulse and the initial absence of popliteal artery injury indications in patients,
this injury should be suspected in proximal tibia fractures, such as Salter-Harris III and IV
fractures in pediatric patients, because collateral flow involving the anterior and posterior
tibial arteries can mask symptoms upon presentation [28].

Initial diagnostic approaches typically include physical examination, focusing on
signs such as bleeding, pulselessness, and distal ischemia. Doppler ultrasound utilization
is the established method for assessing blood flow in the popliteal artery. Early studies
demonstrated its effectiveness in detecting vascular injuries [29]. Over time, advances in
ultrasound technology have improved the accuracy and reliability of this diagnostic tool,
though it is subject to operator experience, and the quality of imaging may be diminished
in high BMI patients [30]. One study found Doppler ultrasound to have a sensitivity of
95% and a specificity of 99% in lower extremity vascular injury [31]. CT angiography
has emerged as a preferred diagnostic modality in the recent literature. It offers a rapid
and detailed assessment of vascular injuries and can be critical in the timely diagnosis
and management of popliteal artery injuries [9]. This imaging technique, when paired
with immediate consultation with vascular surgery, enhances the likelihood of favorable
outcomes by facilitating early intervention. It should be noted that CT angiography is an
expensive imaging modality, and not all hospitals have immediate access to it [32,33]. The
sensitivity and specificity of lower extremity vascular injury have been cited in one study
as 95.1% and 98.7%, respectively [34].

Another method of detecting vascular injury after tibiofemoral dislocation is the
measurement of the ankle-brachial index (ABI). This index is a ratio of the systolic blood
pressure measured at the ankle to the brachium. Mills et al. found (in a case series)
that an ABI above and below 0.9 provided 100% negative and positive predictive values,
respectively, for the presence of significant vascular injury after knee dislocation, and it
provided 100% sensitivity and specificity [35]. Thus, it has been proposed in management
algorithms that CT angiography is only indicated after first measuring the ABI [32]. It
should be noted that not all clinical settings have these imaging modalities readily available
for use, further underscoring the importance of the ABIL. As an example, one survey from
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2011 found that only 175 out of 298 respondent emergency rooms had Doppler ultrasound
available for immediate use within the United States, indicative of the variable access
between urban centers and rural areas [34]. Another 2014 survey found a similar divide,
showing that only 15 and 25 American States had ultrasound and some form of CT imaging
modalities, respectively, in 100% of their critical access hospitals [36]. Table 2 presents
the sensitivities, specificities, advantages, and disadvantages of these different diagnostic
modalities, necessitating a stepwise initial trauma management algorithm for clinicians. In
the initial presentation, a management algorithm that incorporates diagnostic methods is
presented in Figure 2.

Table 2. Key Points: CT angiography offers the best utility but may not be readily available
in all clinical settings globally. Bedside Doppler ultrasound is another practical initial as-
sessment tool with high sensitivity and specificity. The ankle-brachial index (ABI), however,
remains an effective and simple screening tool for identifying vascular compromise using
readily available equipment.

Table 2. Comparison of diagnostic modalities used to detect vascular injuries in the lower extremity,
highlighting their sensitivity, specificity, advantages, and limitations.

Sensitivity and Specificity of Diagnostic Methods in Detecting Lower Extremity Vascular Injury

Diagnostic Modality Sensitivity Specificity Advantages Limitations
Physical Examination Variable Variable Immediate; no equipment May rm.ss occult injuries;
needed examiner-dependent
Doppler Ultrasound [37] 95% 999% Non—mva.swe.; .bed51de Operator—depend.ent; limited by
availability obesity
. o o Rapid; detailed vascular Radiation exposure; contrast
CT Angiography [31] 95.10% 98.70% imaging; gold-standard nephropathy
Magnetic Resonance No radiation; detailed soft Time-consuming; limited
. >80% >90% . . . . .1
Angiography [38] tissue imaging availability
Ankle-Brachial Index [35] 100% 100% Simple; quick screening tool ~ May be affected by distal injuries

ABI<0.9

CTA and Vascular
Surgery Consult

CT = Computed tomography.

Initial Trauma Presentation

Thorough HPI

'd 3
Neurovascular Exam

. J

|

4 3
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Figure 2. Management algorithm in setting of knee dislocation.
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A new scoring methodology to determine a patient’s risk of amputation specific
to popliteal injury was described by O’Banion et al. in response to a perceived lack of
specificity in the Mangled Extremity Severity Score (MESS). This methodology is known
as the POPSAVEIT score and assigns one point for a systolic blood pressure less than
90 mmHg, two points for associated orthopedic injury, and either two points for a lack of
pre-operative pedal Doppler signal or one point for a lack of palpable pre-operative pedal
pulses if Doppler is not available for use. A calculated POPSAVEIT score greater than or
equal to three was positively associated with amputation of the limb [39].

2. Methods
2.1. Study Selection

A systematic review was conducted to evaluate the functional outcomes and man-
agement of knee dislocations with associated vascular injuries following the criteria and
according to the recommendations of PRISMA or 'Preferred Reported Items of System-
atic Review and Meta-Analysis’. The search was performed using PubMed, yielding
144 articles.

The following search terms were used: ((“Knee Dislocation” OR “knee dislocation”
OR “tibiofemoral dislocation” OR “MLKI”) AND (“popliteal artery” OR “vascular injury”)
AND (“orthopedic” OR “repair” OR “reconstruction”) AND (“return to activity” OR
“functional outcome” OR “rehabilitation” OR “complications” OR “Lysholm score”)),
((“Knee Dislocation” OR “knee dislocation” OR “tibiofemoral dislocation” OR “MLKI")
AND (“popliteal artery” OR “vascular injury”) AND (“return to activity” OR “return to
work” OR “return to sport” OR “rehabilitation” OR “complications” OR “Lysholm score™)).

Screening was conducted by two authors (KCV and MC), and disagreements were
resolved by a third author (MA). After screening the titles and abstracts, 131 articles were
excluded due to wrong outcome measures, wrong publication type, or the publication
being in a foreign language. Thirteen full-text articles were further assessed, and five were
excluded for reasons including non-reporting of functional outcomes or failure to include
vascular injury cases. One paper was excluded due to the inability to access the full text.
Ultimately, seven studies [26,40-45] were included in the final review. The number of
studies included and excluded after each step in the screening is presented as a flowchart
in Figure 3.

2.2. Inclusion Criteria

Studies were selected if they focused on knee dislocations with some percentage of
popliteal artery injuries, particularly popliteal artery damage, and reported on functional
outcomes using validated scoring systems such as Lysholm, International Knee Documen-
tation Committee (IKDC), and Hospital for Special Surgery (HSS) scores. Both case series
and retrospective studies were included, with a requirement for a mean or median of at
least 18 months of follow-up for inclusion.

2.3. Data Extraction

Data extraction focused on study design, sample size, patient demographics, manage-
ment of vascular injuries, functional outcomes, and complications. The risk of bias and the
quality of studies was assessed using a modified version of the MINORS (Methodological
Index for Non-Randomized Studies) tool proposed by Slim et al. [46], with scores ranging
from 0 to 12 for non-comparative studies and 0 to 20 for comparative studies. Due to the
nature of the pathology and heterogeneity in surgical management, prospective studies on
the topic are scant, and two specific domains of quality related to the prospective collection
of data and the prospective calculation of study size were omitted, as only one of the studies
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contained these characteristics. This omission should be considered when analyzing these
scores. These scores are presented in Table 3.

Articles identified
through PubMed
(n=144)

Articles screened for
titles and abstracts

(n = 144)
Articles excluded after
title and abstract sceen
(n=131)
v

Full text articles
assessed for

inclusion

(n=13)

Articles excluded after
full text screen
(n=6)
AV
Articles included in
review
(n=7)

Figure 3. Flow diagram. Number of studies included and excluded after each stage of screening.

This review followed a structured, systematic approach to ensure comprehensive data
capture and consistent study evaluation. The inclusion and exclusion criteria were strictly
applied to maintain relevance to functional outcomes in popliteal artery injuries following
knee dislocations. The data were then synthesized and organized in tables (Tables 3 and 4)
to elucidate functional outcomes across different studies.

Table 3. Summarizes key characteristics of included studies, including study design, sample size,
patient demographics, inclusion criteria, and details of vascular injury management. The modified
MINORS score is used to assess methodological quality.

Study Characteristics

Modified
MINORS Score

(Slim et al. [37) Sample Size Mean  Median Inclusion Vascular Inju
Study Year Study Design (0-12 Non- P Age Age - jury
. (n) Criteria Management
Comparative) (Years) (Years)
(0-20
Comparative)

Kilicoglu Retrospective . 9 popliteal artery
etal. 2020 case series 16 42 NR 34 tn TIt(]?i paileintsu injuries surgically
[47] (comparative) cated surgically managed

Sanders Retrospective MLKI patients .
etal. 2017 matched cohort 17 48 31 - with/without 16 }Lad Essph;g?tliirtery
[43] (comparative) vascular injury ypass g &

Vaidya Retrospective Obese patients 5 popliteal arter
etal. 2015 case series 14 19 21 knees) 303 - with low-velocity [ >.POP 8 A7,
[45] (comparative) knee dislocations ) s 2 TEP
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Table 3. Cont.

Study Characteristics

Modified
MINORS Score

(Slim et al. [37) Sample Size Mean  Median Inclusion Vascular Inju
Study Year Study Design (0-12 Non- P Age Age - jury
. (n) Criteria Management
Comparative) (Years) (Years)
(0-20
Comparative)
Levy Retrospective MLKI patients 16 popliteal artery
etal. 2015 cohort 17 125 NR 31 with >2 years injuries surgically
[43] (comparative) follow-up managed
. . 12 popliteal artery
Plancher Retrospective 48 patients Vljﬁﬁe Crlézlfe Cratt}ll(;?l injuries (8 successfully
etal. 2008 cohort 15 p 26 - & treated without
y . (50 knees) 2 ligaments .
[44] (comparative) di knee arthrodesis or
isrupted .
amputation)
Teissier Retrospective Knee All had vascular
etal. 2019 case series (non- 9 16 40.8 - dislocations with injuries surgically
[43] comparative) vascular injuries treated
Azar Retrospective 17 (11 with Ol.aese patients .7 Pophteal artery
. with ultra-low- injuries surgically
etal. 2011 case series 14 complete 28.6 - . ) .
[42] (comparative) follow-up) velocity knee repaired (3 with
dislocations complete follow-up)
Table 4. Key Points: The data across all included studies indicate that patients with
vascular injuries report lower functional outcome scores, such as Lysholm and IKDC,
compared to those without vascular involvement. Additionally, patient factors such as
higher BMI and age over 30 were associated with poorer recovery. Patients who did not
undergo reconstruction or operative management also suffered from lower functional
outcome scores.
Table 4. Functional outcomes following vascular injury.
Functional Outcome Measures
Mean Follow-Up Functional
Study (Months) Scores Used Mean Lysholm Score Mean IKDC Score Other Scores
(Median If Specified)
. 68.4 (neural injury) 60.6 (neural injury) KSS: 67.0 (neural injury)
Kilicoglu 128 Lysholm, 77.7 (vascular injury) 71.5 (vascular injury) 72.6 (vascular injury)
etal. [47] IKDC, KSS 90.5 (no neurovascular 82.1 (no ) jury)
. . 89.9 (no neurovascular injury)
injury) neurovascular injury)
Sanders 99.6 (vascular group) Lysholm, 62.5 (vascular group) 59.7 (vascular group) )
etal. [43] 72.0 (control group) IKDC 86.4 (control group) 83.8 (control group)
Mean Tegner Activity Score
. Difference:
Vaidya 31 Tegper, Knee Not used Not used —1.5 (vascular group)
et al. [45] Laxity Scores .-
—1.19 (no vascular injury
group)
Levy et al. . Lysholm, 76.9 (<30 yrs) 73.3 (<30 yrs) }
[43] 60 (median) IKDC 68.5 (>30 yrs) 61.9 (>30 yrs)
84.3 (operative group) . .
Iila?c[}}lzr] 99.6 LyIs_?SOSIm’ 70.5 (non-operative group) Not used HSS: 81.01(1190[; h)t eal artery
etak 82.0 (popliteal artery injury) Jury
Median OKS decreased from 47
Teissier . Oxford Knee to 30
et al. [43] 23 (median) Score (OKS) Not used Not used (all patients with vascular

injuries)
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Table 4. Cont.

Functional Outcome Measures

Mean Follow-Up

Functional

Study (Months) Scores Used Mean Lysholm Score Mean IKDC Score Other Scores
(Median If Specified)
67.2 (recon group)
Lysholm, .
Azar et al. 285 HSS, IKDC, 53.0 (nqn—recon gr(?uP) Severely abnormal HSS: 74 (recon group)
[42] Tegner 34.7 (popliteal artery injury) 21 (non-recon group)

70.3 (no popliteal injury)

IKDC = International Knee Documentation Committee Subjective Knee Form; HSS = Hospital for Special Surgery
Knee-Rating Scale; KSS = Knee Society Score.

3. Results

A total of seven [26,40-45] studies met the inclusion criteria for this systematic review,
with publication dates ranging from 2008 to 2020. The studies were predominantly ret-
rospective in nature, comprising case series, cohort studies, and matched-cohort studies,
as shown in Table 3. The MINORS scores, used to assess quality for the included studies,
ranged from 14 to 17 in comparative studies and 9 for the single non-comparative study,
reflecting moderate to high quality. While most studies were retrospective, they adhered to
rigorous criteria for outcome reporting and vascular injury management, supporting the
reliability of the findings despite inherent design and patient population limitations.

Each study focused on the management of knee dislocations, including data on pa-
tients with associated vascular injuries, primarily or entirely involving the popliteal artery.
Functional outcomes were assessed in all studies using validated scoring systems, such as
the Lysholm, International Knee Documentation Committee (IKDC), Hospital for Special
Surgery (HSS) score, Knee Society Score (KSS), and Oxford Knee Score (OKS) [26,40-45].
Most studies used a combination of these scores to evaluate post-treatment knee function
in patients who had undergone surgical or non-surgical management of knee dislocations
with vascular injuries. Lysholm scores were consistently reported across multiple studies.
Table 4 presents the mean Lysholm, IKDC, or other scores (HSS, Tegner, and OKS) along
with the mean or median follow-up time for each study:.

Overall, patients with vascular injuries, particularly those requiring surgical interven-
tion, demonstrated lower Lysholm scores compared to patients without vascular involve-
ment. For example, Sanders et al. reported a mean Lysholm score of 62.5 in the vascular
injury group, which is significantly lower than the 86.4 mean score in the control group
without vascular injuries [43]. IKDC scores similarly demonstrated worse outcomes in
patients with vascular injuries. Kilicoglu et al. noted decreased IKDC and Lysholm scores in
patients with associated vascular damage. Kilicoglu et al. found that patients with vascular
injuries had a mean IKDC score of 71.5, compared to 82.1 for those without neurovascular
complications [47]. Several studies also employed other functional scoring systems, such
as the HSS score, KSS score, and Oxford Knee Score (OKS). Azar et al. reported a severely
abnormal HSS score of 21 in non-reconstructed patients with popliteal artery injuries, com-
pared to 74 in reconstructed patients [42]. Teissier et al. highlighted a substantial decrease
in OKS, with a median pre-trauma score of 47 dropping to 30 post-trauma in patients with
vascular injuries [26].

Our systematic review analyzed retrospective studies detailing knee dislocations in
association with vascular injuries, focusing on the popliteal artery. The studies utilized a
number of functional outcome measurements to assess the success of different vascular
management plans. Overall, patients who required surgical intervention as a result of
vascular injury garnered lower functionality scores as compared to those without vascular
injury. The Lysholm scores remained lower for individuals with vascular injuries as com-
pared to non-injured patients, with 62.5 in injured patients compared to 86.4 in non-injured
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patients [43]. Similarly, the IKDC scores were consistently lower for patients with vascular
injuries as compared to those who did not have vascular injuries, with 71.5 in injured
patients compared to 82.1 for non-injured patients [47]. Other measurements, namely HSS
and OKS, demonstrated poor outcomes for those with vascular damage and reconstruction
as compared to those with injury and no reconstruction. Azar et al. demonstrated that HSS
scores were found to be 21 for non-reconstructed patients with injury to the popliteal artery
as compared to 74 for those with injury and subsequent reconstruction [42]. The studies
reviewed demonstrate that knee dislocations with accompanying vascular injuries consis-
tently lead to poorer functional outcomes, with surgical intervention possibly leading to an
improvement in functional scoring but not necessarily an improvement to normal function.

4. Discussion

Knee dislocations are significant injuries that require intensive recovery. There are
many considerations when managing such an injury. The decision to treat operatively
versus non-operatively is a major factor in how rehabilitation will look. Early operative
treatment of multi-ligament knee injuries has been shown to yield better functional and
clinical outcomes as opposed to non-operative treatment [48]. Plancher et al. found that
the non-operative treatment group suffered from lower mean Lysholm scores (70.5) as
compared to the operative group (84.3) [44]. Interestingly, patients with popliteal artery
injury had Lysholm and HSS scores of 82.0 and 81.0, respectively.

Body mass index (BMI) and age were significant risk factors for poor functional
outcomes, with several studies noting an association between higher BMI and increased
neurovascular complications. Vaidya et al. and Azar et al. observed that patients with a
higher BMI had a greater likelihood of suffering neurovascular injuries and poorer knee
stability scores [41,45]. Additionally, Sanders et al. found that a BMI >30 kg/ m? was
predictive of worse Lysholm and IKDC scores [43]. This finding highlights the need for
tailored management strategies in obese patients, including meticulous surgical techniques
and, perhaps, modified rehabilitation protocols to accommodate the suboptimal outcomes
seen in these patients. Further, Levy et al. presented a study with a large sample size and
extensive follow-up data, indicating that patients older than 30 years of age had worse
functional outcome scores in long-to-intermediate follow-up lengths [43].

This review highlights the complex and severe nature of knee dislocations associated
with vascular injuries, particularly involving the popliteal artery. Across the included
studies, surgical management was the predominant treatment approach, with most patients
undergoing vascular repair or bypass grafting. Despite these interventions, long-term
functional outcomes remained suboptimal, with most patients experiencing significant
limitations in knee function, as reflected in the Lysholm, IKDC, and HSS scores.

A study reviewing the 24-month objective and subjective outcomes of 20 knee disloca-
tions treated with open repair found that patients with a low pre-injury level of function
were able to return to their activity level;, however, only 22% of competitive athletes and
38% of patients undertaking heavy activity were able to return back to their pre-injury
activity level during this span [49]. This demonstrates that returning to higher levels of
activity requires more time for rehabilitation post-injury and is not always achievable.

It should be noted that in sports, knee dislocations are less associated with vascular
injuries compared to car accidents [50]. Therefore, it is less likely for athletes to deal with
vascular complications compared to individuals who suffer this injury in a car accident.
However, in sport-related injuries, a major concern to athletes is whether a return to play is
possible. There are a lot of varying factors that contribute to an athlete’s ability to return to
play, including but not limited to the severity of the injury, the quality and compliance of
rehabilitation protocols, the type of sport, complications, and lastly, mental resilience.
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A study looked exclusively at 50 National Football League (NFL) players who sus-
tained a multi-ligament knee injury from 2000 to 2016; a total of 64% returned to play [51].
Return to a pre-injury level of play was even less evident, with only 30% of these players
returning to that level after the injury [51]. The mean time for return to play for 50 players
was 388.71 £ 198.52 days [51]. This study did not discuss the percentage of these players
who had a vascular injury. Another retrospective study focused on elite athletes who
suffered a knee dislocation and found 79% of patients (n = 19) returned to their previous
sport after a median time of 5.5 months (range, 1.5 to 36 months), with eight of them
returning to pre-injury levels [52]. This demonstrates that the rehabilitation to return to a
competitive level is even more challenging for individuals who are in great shape and have
top-tier medical support.

One notable case report documented the return to professional athletic performance fol-
lowing the successful management of a popliteal artery injury without ligament surgery, un-
derscoring the potential for positive outcomes with appropriate treatment [41]. A 21-year-
old football player was able to return to play wearing a knee joint brace two years following
the injury. Despite a complete ACL tear and partial MCL and PCL tear, ligament repair
surgery was not conducted due to arterial injury and intra-articular inflammation. The suc-
cessful recovery and return to play were due to the prompt treatment of the vascular injury,
rehabilitation with a focus on improving range of motion and controlling inflammation,
and progressive strength training. This case shows that return to play could be achievable
with a conservative treatment plan without ligament surgery.

Overall, outcomes vary widely among patients, with surgical treatment showing more
favorable results [48]. Returning to a high level of play is possible but requires extensive
rehabilitation and is dependent on many factors, as every case is different.

Study Limitations

This review has several limitations. The majority of the included studies were ret-
rospective in nature, with inherent limitations such as selection bias, recall bias, and
incomplete data reporting. In addition, the small sample sizes and heterogeneity of the
study populations limit the generalizability of the findings, especially with some studies
focusing on high BMI patients. Though all of the functional outcome scores measured
in the included studies have been validated, a consistent scoring metric across multiple
prospective studies would yield a higher-quality understanding of outcomes. These studies
also inherently have subjective aspects within them that are specific to the patient and
introduce self-report bias. The nature of the injury and its rarity lend this topic to low
patient sample sizes, high rates of loss of follow-up due to amputation or death, and a lack
of prospective studies. One of the main factors not assessed or integrated into this study
is the association of partial or complete peroneal nerve injury with functional outcomes.
While some studies make use of separate cohorts for peroneal palsy, the heterogeneity in
study design and measured outcomes warrants further research into this specific factor
and its pathology.

5. Other Considerations
5.1. Vascular Repair

Once vascular status and initial trauma have been assessed, the strategy for surgical
repair depends on the nature of the injury mechanism and damage to the popliteal artery—
whether it is blunt or penetrating and whether it is transected, occluded, or dissected. These
strategies rely on techniques also used in the treatment of peripheral artery disease. While
high- and low-velocity trauma knee dislocations in high BMI patients were associated
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with popliteal artery injuries, the success of revascularization was not associated with the
mechanism of trauma in these patients [27].

One common strategy for the restoration of blood flow is through a femoropopliteal
bypass, colloquially known as a fem-pop bypass. This procedure involves constructing, via
graft or synthetic material, a bypassing connection from the proximal femoral artery to the
distal popliteal artery to restore vascularization to the lower limb [53]. Another approach
involves creating a conduit utilizing a graft or temporary shunt from one transected end to
another to restore blood flow [54,55]. In another case report, a patient with an occluded
popliteal artery secondary to posterior knee dislocation underwent this bypass procedure
and saw recanalization of the occluded artery. The case report concluded that bypass graft
may be the favored repair approach for the revascularization of the popliteal artery in
young patients [54]. High amputation rates have been associated with delayed diagnosis
and treatment [55]. Early intervention, optimally within 6 to 8 h of trauma, significantly
improves outcomes and reduces the risk of complications such as limb ischemia and
amputation [56,57].

The choice of graft source and the orientation of the graft are important considerations
in vascular repair as well, with each option imparting different advantages and disadvan-
tages. A reversed saphenous vein graft (RSVG) is often preferred due to its compatibility
and long-term patency rates. Additionally, because the repair of the artery in the majority
of cases cannot be accomplished with tension-free anastomosis [26,57], a bridging interpo-
sition graft utilizing an RSVG is also commonly employed [57]. This technique involves
harvesting the saphenous vein, reversing its orientation to match the direction of arterial
blood flow, and using it to create a conduit between the transected ends of the popliteal
artery [53]. Sciaretta et al. only recommend bypass when significant tissue loss is also
present [57]. RSVGs have shown better long-term outcomes as compared to prosthetic
grafts, such as those composed of polytetrafluoroethylene (PTFE), which are typically used
when the saphenous vein is disrupted or injured during the instigating trauma [57-59].

There is ongoing debate in the literature regarding the use of PTFE grafts versus
autologous vein grafts. While some studies have shown comparable patency rates between
prosthetic and autologous vein grafts, they have been limited in their data delineating
whether the bypass was carried out above-knee or below-knee [60]. Historically, studies
have suggested that PTFE grafts can achieve acceptable patency rates in below-knee by-
passes, but now, some studies have demonstrated it to be a viable option in above-knee
bypasses as well [61,62]. Sciarretta et al. [57], however, caution against the use of PTFE
grafts, stating that it was an independent predictor of amputation traumatic popliteal
injury. This distinction underscores the importance of individualized patient assessment,
including the surgical anatomy of the popliteal artery branching patterns, when selecting
the graft material.

In addition to RSVGs, an in situ saphenous vein graft is another technique utilized in
fem-pop bypasses. The in situ approach involves leaving the vein graft in its anatomical
orientation while removing the valves with a valvulotome to allow for arterial blood flow.
Both a 10-year randomized prospective study and retrospective chart review comparing
in situ and reversed vein grafts found that reversed grafts generally offer higher primary
patency rates as compared to in situ grafts, but secondary patency rates were comparable
between the two techniques [53,63]. It should be noted that the in situ technique may
present challenges, including the disruption of the vein when removing the valves or
utilizing veins with a smaller diameter [53,59]. While an RSVG is preferred in most
cases, prosthetic grafts are an acceptable alternative if the autologous vein cannot be
harvested [53,63]. Initially, it was thought that synthetic grafts like PTFE or Dacron were
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only suitable in below-knee bypass surgeries, but some research has shown that they are
also acceptable in above-knee bypasses as well [61].

In certain scenarios where the mechanism of trauma is blunt force and imaging shows
intimal lesions of the artery, endovascular repair may be possible. Hutto and Reed have
described a “tacking” of the intimal flap to ensure the patency of the popliteal artery by
utilizing a balloon angioplasty [64]. They have described the benefits of this approach,
when indicated, as minimizing further soft tissue damage during the vascular repair
as would be necessitated by an open approach, such as with an RVSG bypass. This
approach is contraindicated by the presence of complete arterial transection, a delay in
repair greater than 6 h, and a lack of imaging equipment necessary for the procedure [64].
Some studies have discussed that the transition of intimal tears present within the artery
without disruption of blood flow to complete occlusion is rare [48,65]. Thus, in some
management algorithms, when these findings are seen, surgeons opt for serial examination
of the patient without vascular intervention. Even when an ABI of greater than 0.9 is
achieved in diagnosis, it does not exclude the possibility of an intimal tear—thus, serial
examinations of the patient are still recommended.

In situations where immediate definitive repair is not feasible, such as when signifi-
cant concurrent injuries or unstable skeletal conditions are present, the use of temporary
intravascular shunts can be lifesaving. These shunts allow for temporary revascularization,
providing the surgical team with additional time to stabilize other injuries. Khalil et al. de-
scribe a method where a transected artery is clamped, and a shunt (e.g., with a Javid shunt,
balloon-style shunt, or nasogastric tube) is applied to both ends of the artery to maintain
perfusion until definitive repair can be performed [56]. This approach allows other surgical
teams to provide immediate stabilization of the knee before definitive vascular repair is
performed [56,57]. Table 5 provides a summary of the different graft types and surgical
approaches to vascular repair after popliteal artery injury.

Table 5. Key Points: Reversed saphenous vein grafts (RSVG) are preferred due to supe-
rior long-term patency compared to synthetic grafts. In situ grafts provide comparable
secondary patency but involve higher technical challenges. Temporary shunts are valuable
in complex trauma settings for maintaining perfusion before definitive repair.

Table 5. Outlines various vascular surgery approaches and graft options for popliteal artery repair,
detailing their indications, potential complications, and special considerations.

Comparison of Vascular Surgery Approaches and Grafts

PTFE) [37,60]

unavailable or
damaged

infection risk

Procedure Indications Complications Special Considerations
Reversed Saphenous Transected ’ ’ Better long-term patency comparec'i tg synt‘hetlc
. . Thrombosis, saphenous vein grafts; used when an autologous vein is available.
Vein Graft (RSVG) popliteal artery o s Sy o\
: L injury Can utilize bridging interposition graft when
[26,54] without vein injury . . .
tension-free anastomosis cannot be achieved.
n Situ Saphenous Popliteal artery Valve disruption, especially in Lower primary patency rates than RSVG, but
- reconstruction . . secondary patency rates are comparable; damage
Vein Graft [37,55] . small-diameter veins . / .
in situ to vein possible during valve removal
. Used when . Viable alternative; debate in literature over
Synthetic Graft (e.g., autologous vein Lower long-term patency,

patency rates in below-knee
or above-knee bypasses.

Temporary Shunt
Placement [56]

Delayed definitive
repair, polytrauma

Shunt occlusion, limb ischemia

Useful for temporary revascularization before
definitive repair

Endovascular Repair
[64]

Intimal tears
without complete
occlusion

Stent thrombosis, incomplete
repair, flexion-induced damage
with covered stents [26]

Minimally invasive and preserves soft tissue,
suitable for intact flow with
confirmed intimal tears
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In patients with severe trauma and significant tissue damage, fasciotomy may be
required to prevent potential compartment syndrome and is often recommended prophy-
lactically to relieve pressure and improve outcomes [54,56]. Prophylactic fasciotomies have
been associated with decreased rates of amputation, especially when performed immedi-
ately after restoring blood perfusion [57]. In a study by Sciarretta et al., fasciotomies were
performed in about 75% of cases. They describe the use of a two-incision technique in four
compartments, which was preferred to a one-incision technique in complex trauma cases
involving significant soft tissue disruption [57].

5.2. Orthopedic Considerations

As knee dislocations with the presence of popliteal artery injury are more commonly
multi-ligamentous knee injuries (MLKI), orthopedic considerations play a pivotal role
in the timing, sequence, and strategies of surgical intervention. The reduction in the
dislocated knee must be achieved first before moving into other approaches; however,
a minority of patients may present with an irreducible dislocation typically caused by
lateral or posterolateral rotational forces. This irreducibility is a consequence of the medial
femoral condyle “buttonholing” the medial capsule as it travels into the knee joint during
trauma [11]. After reduction is achieved, Walker et al. [11] highlight the importance of
using a diverse imaging approach, combining plain radiographs, CT angiography, and
MRI to fully visualize the extent of bone and soft tissue damage.

Because patients with hard signs of vascular injury will need an angiography con-
ducted, one study has noted the utility of conducting a magnetic resonance angiography
(MRA), which provides insight into the nature of the ligamentous damage [33]. Studies
have shown that MRA is as effective as conventional angiography in detecting vascular
injuries [66]. This dual diagnostic approach provides an advantage in pre-operative sur-
geon planning in complex injuries with both vascular and ligamentous damage. However,
in patients with a lack of pedal pulses and an ABI of less than 0.9, exploratory vascular
surgery is emergent [32]. In combination with an emergent situation, MRA does have its
drawbacks with respect to the length of time required to complete a full scan, which may
not be possible in times of critical care [67]. Its sensitivity and specificity in lower limb
vascular injury detection are>80% and >90%, respectively, according to one study [38].

The decision to prioritize bone stabilization or vascular repair first is a subject of
ongoing debate. The prevailing approach often depends on the specifics of the injury and
the condition of the patient. Hundersmarck et al. outline the argument for both a bone-first
(BF) and vessel-first approach (VF) [7]. The VF strategy aims to minimize limb ischemia by
addressing the definitive repair of the popliteal artery first, including using a temporary
shunt while the venous graft is harvested if an RSVG is used. This approach also minimizes
the disturbance of surgical exposure that may be caused by the hardware in an external
fixator and allows knee flexion, which may be required by the vascular surgeon for the
medial popliteal approach [7]. The BF strategy, on the other hand, aims to protect the
upcoming new graft by minimizing the chances of an osseous fragment from a fracture
damaging it. This involves the application of an external fixator to provide stability to
the knee joint [65]. Grossly unstable knee joints requiring external fixation may be seen in
irreducible dislocations. Even if a patient’s dislocation is reduced but cannot mobilize with
a knee brace or splint, external fixation is also indicated [68]. Proponents of the BF approach
believe that subsequent reduction in the VF approach may cause undue traction, putting
the vascular graft at risk [7]. Their paper determined that in patients with blunt popliteal
artery damage due to knee dislocation, the BF was preferred, assuming the ischemia time
was not great enough to threaten limb amputation.
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The prolonged use of external fixation carries risks such as pin site infections and
joint stiffness. Prolonged usage of an external fixation in an MLKI is associated with
arthrofibrosis, though manipulation of the knee under anesthesia is associated with better
outcomes [69]. Fulton et al. discuss a case report in which a patient who had initially
presented with bilateral knee dislocation underwent vascular repair and external fixation
application [70]. The patient underwent manipulation under anesthesia after external
fixation removal and promptly developed acute femoropopliteal bypass thrombosis, which
needed to be addressed with thrombectomy. Matthewson et al. [65] emphasize that ex-
ternal fixation should be limited to the shortest duration necessary, with conversion to
internal fixation or ligament reconstruction as soon as possible. A hinged external fixation
construct may prevent the development of arthrofibrosis by allowing an earlier range
of motion [65,71]. One of the drawbacks of external fixator application is the possibility
of not being able to obtain post-application MRI scans of the ligamentous damage. Al-
though MRI-compatible external hardware is often used, along with recommendations
for pin placement to avoid imaging artifacts and disrupting future potential graft tunnel
sites [11], there remains to be an FDA-approved MRI-safe external fixation construct [72].
As such, some hospitals may still prohibit MRI scanner usage in these patients, and certain
severe soft tissue injuries may present with significant artifacts on imaging, thus disrupting
pre-operative planning for ligament repair.

Timing or staging of and whether to repair or reconstruct during surgical interventions
are other factors to consider in MLKI patients. Repair is generally reserved for ligaments
with sufficient tissue quality and where the torn ligament may be approximated. However,
in many cases, particularly with the posterolateral corner cruciate ligaments, reconstruc-
tion is favored due to higher success rates and improved return to pre-injury activity
levels [48]. As stated by Ng et al. [32], there are three general timing strategies. Acute
repair or reconstruction is conducted soon after injury and is arbitrarily deemed to be
within 3 weeks. They state that this is the time range within which soft tissue planes may
still be defined without scarring, and the ligaments will not be retracted. Staged repair or
reconstruction involves the acute surgical intervention on medial and/or lateral structures
while delaying cruciate reconstruction until the full range of motion is returned. Finally,
delayed reconstruction occurs more than 3 weeks after the initial trauma and imparts the
advantage of increased knee range of motion and allows certain structures to potentially
reach acceptable healing without surgical intervention [32]. Levy et al. state that while,
historically, some studies have shown arthrofibrosis development in patients with acute
repair, the patients in their systematic review showed an acceptable range of motion and
flexion loss, potentially due to aggressive post-surgical rehabilitation [48]. Ng et al. and
Levy et al. discussed opposing approaches, specifically with respect to KD II, III, and
IV injuries. While Levy et al. [48] preferred acute repair, Ng et al. [32] preferred staged
repair and reconstruction, with medial and lateral extra-articular structures being repaired
acutely, followed by delayed cruciate reconstruction. Levy et al., in 2010 [73], also proposed
a management algorithm most similar to the delayed reconstruction described by Ng
et al. [32]. They proposed that in patients receiving initial external fixator application after
the injury, a delayed reconstruction 3 to 6 weeks after injury provided satisfactory out-
comes with enough time to provide diminished soft tissue inflammation but still stave off
fibrosis development [73]. To allow the healing of capsular structures and minimize fluid
extravasation, one study suggests waiting 1 week from injury before acute arthroscopic
ACL and PCL repair [33]. The repair of ACL and PCL tibial avulsions is recommended by
affixing the osseous fragment to the bone tunnels in the tibia through the passage of large,
nonabsorbable sutures [74]. Care must also be taken during the repair of the PCL regarding
iatrogenic popliteal neurovascular damage during the creation of the tibial tunnel [74].
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6. Conclusions

Injury to the popliteal artery due to knee dislocation is a rare but devastating ortho-
pedic and vascular injury that can result in detrimental effects if not found and treated
quickly. Those effects include limb ischemia, necrosis, and even amputation due to loss of
blood flow. These injuries present as pain, absent pulse, and potentially numbness below
the knee. The current literature recommends the use of arterial duplex ultrasound or CT
angiography to confirm injury to the popliteal artery if ABI is found to be less than 0.9.
Emergent exploratory vascular surgery is recommended in patients with a lack of pedal
pulses. The sources included in our review indicate that a high BMI and a patient age
over 30 years are factors that can decrease functional outcomes in long-term follow-ups.
At this time, there remains debate over the timing and methodology of surgery and the
utility of external fixation. However, recent research indicates that in knee dislocations
presenting with MLKI, there is a preference for a staged approach focusing on the repair of
medial and lateral structures (acutely) and cruciate structures at a delayed time. Patients
may experience the development of arthrofibrosis in the knee and a thrombus at the site
of their bypass. However, the sources in our review indicate that ligament reconstruction
provides better long-term functional outcomes than non-reconstruction or non-operative
approaches. In considering approaches to vascular repair, patients may benefit from the
usage of fem-pop bypass utilizing an RSVG if there is no damage to their saphenous vein
and tension-free anastomosis cannot be achieved in interpositional grafts. They may also
experience better patency rates than with prosthetic grafts. Temporary shunts may also
be applied to provide attention to other sites of injuries in polytrauma before definitive
vascular repair. Although this review offers insights into the existing data on long-term
functional outcomes in this injury, its reliance on retrospective literature poses limitations,
including potential biases, small sample sizes, and varied study populations. To enhance
the evidence base and guide clinical practice more effectively, future research should priori-
tize well-designed prospective studies. Addressing these gaps will foster more consistent,
high-quality care and improve long-term functional outcomes in the management of knee
dislocations with popliteal artery injuries.

Clinical Implications

o  Early Diagnosis and Intervention:

O Essential for preventing severe complications (e.g., limb ischemia, nerve damage, and
potential amputation);
O Prioritize initial diagnostic methods such as ABI measurements and bedside Doppler

ultrasound for quick, reliable assessments;
O Utilize CT angiography for detailed imaging when available.

o  Orthopedic Management:

O Ensure prompt joint reduction to prevent further vascular or nerve damage;

O Use external fixation to stabilize the knee in cases involving multi-ligamentous knee
injuries (MLKIs) before definitive surgical repair;

O Balance between bone-first and vessel-first approaches based on patient-specific factors
to protect vascular grafts and minimize ischemic time.

o  Vascular Repair Strategy:

O Prefer reversed saphenous vein graft (RSVG) for better long-term patency;

O Consider synthetic grafts when autologous veins are unavailable, with attention to
potential complications;

O Employ temporary shunts to maintain limb perfusion during complex, multi-step surgeries.

e  Patient-Specific Considerations:
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O Recognize that higher BMI and age over 30 are linked to poorer outcomes;
O Incorporate orthopedic rehabilitation to prevent joint stiffness and arthrofibrosis, em-
phasizing early mobilization.

Author Contributions: Conception and design of study: all authors; Acquisition of data: all authors;
Analysis and/or interpretation of data: all authors; Drafting the manuscript: all authors; Revising the
manuscript critically for important intellectual content: all authors. All authors have read and agreed
to the published version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: No applicable.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.

10.

11.

12.

13.

14.

15.

16.

Pekala, J.R.; Tempski, J.; Krager, E.; Ratusznik, ].; Raputa, W,; Swierczek, L; Pekala, P.A.; Walocha, J.A. Clinical Anatomy of the
Popliteal Artery and Its Implications in Total Knee Arthroplasty: A Systematic Review and Meta-Analysis. Folia Morphol. 2024, 83,
779-788. [CrossRef]

Moura, D.L.; Marques, J.P.; Matos, P.; Antunes, L.; Gongalves, O.; Albuquerque, A. Bilateral Knee Dislocation with Associated
Bilateral Popliteal Arterial Injury. Rev. Bras. Ortop. 2017, 53, 248-251. [CrossRef] [PubMed]

Naziri, Q.; Beyer, G.A.; Shah, N.V.; Solow, M.; Hayden, A.]J.; Nadarajah, V.; Ho, D.; Newman, ].M.; Boylan, M.R,; Basu, N.N.;
et al. Knee Dislocation with Popliteal Artery Disruption: A Nationwide Analysis from 2005 to 2013. J. Orthop. 2018, 15, 837-841.
[CrossRef]

Henrichs, A. A Review of Knee Dislocations. J. Athl. Train. 2004, 39, 365-369.

Zamir, M.; Noor, S.S.; Najjad, M.K.R.; Aliuddin, A.M.; Ghilzai, A.K. Knee Dislocations and Popliteal Artery Injury: A Single
Centre Experience from Karachi. . Pak. Med. Assoc. 2014, 64, S91-594. [PubMed]

IImerci, A.; Ozaksar, K; Giirbiiz, Y.; Stigtin, T.S.; Canbek, U.; Savran, A. Popliteal Artery Injury Associated with Blunt Trauma to
the Knee without Fracture or Dislocation. West. |. Emerg. Med. 2014, 15, 145-148. [CrossRef]

Hundersmarck, D.; Hietbrink, F.; Leenen, L.P.H.; De Borst, G.J.; Heng, M. Blunt Popliteal Artery Injury Following Tibiofemoral
Trauma: Vessel-First and Bone-First Strategy. Eur. |. Trauma Emerg. Surg. 2021, 48, 1045-1053. [CrossRef]

Subasi, M.; Cakir, O.; Kesemenli, C.; Arslan, H.; Necmioglu, S.; Eren, N. Popliteal Artery Injuries Associated with Fractures and
Dislocations about the Knee. Acta Orthop. Belg. 2001, 67, 259-266. [PubMed]

Constantinescu, D.; Pavlis, W.; Berge, D.V.,; Barnhill, S.; Geller, J.; Vilella, EE. Anterior Prosthetic Knee Dislocation with Acute
Vascular Injury: A Case Report. Ann. Med. Surg. 2022, 75, 103425. [CrossRef] [PubMed]

Bowers, Z.; Nassereddin, A.; Sinkler, M.A.; Bordoni, B. Anatomy, Bony Pelvis and Lower Limb: Popliteal Artery. In StatPearls;
StatPearls Publishing: Treasure Island, FL, USA, 2024. Available online: http://www.ncbi.nlm.nih.gov/books/NBK537125/
(accessed on 10 June 2024).

Walker, R.E.A.; McDougall, D.; Patel, S.; Grant, ].A.; Longino, P.D.; Mohtadi, N.G. Radiologic Review of Knee Dislocation: From
Diagnosis to Repair. Am. J. Roentgenol. 2013, 201, 483-495. [CrossRef]

Farber, A.; Angle, N.; Avgerinos, E.; Dubois, L.; Eslami, M.; Geraghty, P.; Haurani, M.; Jim, ].; Ketteler, E.; Pulli, R.; et al. The
Society for Vascular Surgery Clinical Practice Guidelines on Popliteal Artery Aneurysms. J. Vasc. Surg. 2021, 75 (Suppl. S1),
109S-120S. [CrossRef] [PubMed]

Tomaszewski, K.A.; Popieluszko, P.; Graves, M.].; Pekala, P.A.; Henry, B.M.; Roy, J.; Hsieh, W.C.; Walocha, ]J.A. The Evidence-
Based Surgical Anatomy of the Popliteal Artery and the Variations in Its Branching Patterns. J. Vasc. Surg. 2016, 65, 521-529.€6.
[CrossRef] [PubMed]

Kim, D.; Orron, D.E,; Skillman, ].J. Surgical Significance of Popliteal Arterial Variants: A Unified Angiographic Classification.
Ann. Surg. 1989, 210, 776-781. [CrossRef]

Krych, A.J.; Giuseffi, S.A.; Kuzma, S.A.; Stuart, M.].; Levy, B.A. Is Peroneal Nerve Injury Associated With Worse Function After
Knee Dislocation? Clin. Orthop. Relat. Res. 2014, 472, 2630-2636. [CrossRef] [PubMed]

Hirschmann, M.T.; Miiller, W. Complex function of the knee joint: The current understanding of the knee. Knee Surg. Sports
Traumatol. Arthrosc. 2015, 23, 2780-2788. [CrossRef] [PubMed]


https://doi.org/10.5603/fm.98506
https://doi.org/10.1016/j.rbo.2017.01.011
https://www.ncbi.nlm.nih.gov/pubmed/29911094
https://doi.org/10.1016/j.jor.2018.08.006
https://www.ncbi.nlm.nih.gov/pubmed/25989791
https://doi.org/10.5811/westjem.2013.12.18223
https://doi.org/10.1007/s00068-021-01632-0
https://www.ncbi.nlm.nih.gov/pubmed/11486689
https://doi.org/10.1016/j.amsu.2022.103425
https://www.ncbi.nlm.nih.gov/pubmed/35386803
http://www.ncbi.nlm.nih.gov/books/NBK537125/
https://doi.org/10.2214/AJR.12.10221
https://doi.org/10.1016/j.jvs.2021.04.040
https://www.ncbi.nlm.nih.gov/pubmed/34023430
https://doi.org/10.1016/j.jvs.2016.01.043
https://www.ncbi.nlm.nih.gov/pubmed/26994952
https://doi.org/10.1097/00000658-198912000-00014
https://doi.org/10.1007/s11999-014-3542-9
https://www.ncbi.nlm.nih.gov/pubmed/24574124
https://doi.org/10.1007/s00167-015-3619-3
https://www.ncbi.nlm.nih.gov/pubmed/25962963

Surg. Tech. Dev. 2025, 14, 2 19 of 21

17.

18.

19.
20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Mohseni, M.; Mabrouk, A.; Simon, L.V. Knee Dislocation. In StatPearls; StatPearls Publishing: Treasure Island, FL, USA, 2024.
Available online: https://www.ncbinlm.nih.gov/books/NBK470595/ (accessed on 10 June 2024).

Paterno, M.V.; Hewett, T.E. Biomechanics of Multi-ligament Knee Injuries (MLKI) and Effects on Gait. N. Am. |. Sports Phys. Ther.
2008, 3, 234.

Kennedy, ].C. Complete Dislocation of the Knee Joint. J. Bone Jt. Surg. 1963, 45, 889-904. [CrossRef]

Goebel, C.P.B.; Domes, C. Classifications in Brief: The Schenck Classification of Knee Dislocations. Clin. Orthop. Relat. Res. 2020,
478, 1368-1372. [CrossRef]

Wascher, D.C.; Dvirnak, P.C.; DeCoster, T.A. Knee Dislocation: Initial Assessment and Implications for Treatment. . Orthop.
Trauma 1997, 11, 525-529. [CrossRef]

Stannard, J.P.; Sheils, T.M.; Lopez-Ben, R.R.; McGwin, G., Jr.; Robinson, ].T.; Volgas, D.A. Vascular Injuries in Knee Dislocations:
The Role of Physical Examination in Determining the Need for Arteriography. J. Bone Jt. Surg. 2004, 86, 910-915. [CrossRef]
[PubMed]

Scheu, M.; Espinoza, G.F,; Mellado, C.A.; Diaz, P.A.; Garin, A.F; O’connell, L.A. Varus Mechanism Is Associated with High
Incidence of Popliteal Artery Lesions in Multiligament Knee Injuries. Int. Orthop. 2020, 44, 1195-1200. [CrossRef] [PubMed]
Moatshe, G.; Dornan, G.J.; Leken, S.; Ludvigsen, T.C.; Laprade, R.E; Engebretsen, L. Demographics and Injuries Associated With
Knee Dislocation: A Prospective Review of 303 Patients. Orthop. J. Sports Med. 2017, 5, 2325967117706521. [CrossRef] [PubMed]
Medina, O.; Arom, G.A ; Yeranosian, M.G.; Petrigliano, F.A.; McAllister, D.R. Vascular and Nerve Injury After Knee Dislocation:
A Systematic Review. Clin. Orthop. Relat. Res. 2014, 472, 2621-2629. [CrossRef] [PubMed]

Teissier, V.; Tresson, P.; Gaudric, J.; Davaine, ].-M.; Scemama, C.; Raux, M.; Chiche, L.; Koskas, F. Importance of Early Diagnosis
and Care in Knee Dislocations Associated with Vascular Injuries. Ann. Vasc. Surg. 2019, 61, 238-245. [CrossRef] [PubMed]
Marchetti, A.A.; Naldi, V,; Potenza, V.; Oddi, EM.; De Maio, E; Ciattaglia, R.; Fazzini, S.; Battistini, M.; Farsetti, P.; Ippoliti, A. The
role of body mass index in high- and low-velocity trauma causing knee injury associated with popliteal artery lesions. J. Orthop.
Surg. Res. 2024, 19, 1-7. [CrossRef] [PubMed]

Seidenstein, A.H.; Torrez, TW.; Garcia, ].A.; Awad, S.K.; Debell, H.; Gilbert, S.R.; Williams, K.A. Delayed Presentation of Popliteal
Artery Injury after Salter-Harris III Proximal Tibia Fracture. Case Rep. Orthop. 2023, 2023, 4104127. [CrossRef] [PubMed]

Dart, C.H.; Braitman, H.E. Popliteal Artery Injury Following Fracture or Dislocation at the Knee. Arch. Surg. 1977, 112, 969-973.
[CrossRef] [PubMed]

Gelbard, R.B.; Edwards, ].; Reisman, W.M.; Shafii, S.M.; Rajani, R.R. Surgeon-Performed Duplex Ultrasound Facilitates Diagnosis
and Management of Blunt Popliteal Artery Injury. Am. Surg. 2015, 81, 271-273. [CrossRef]

Soto, J.A.; Mdtnera, F.; Morales, C.; Lopera, J.E.; Holguin, D.; Guarin, O.; Castrillon, G.; Sanabria, A.; Garcia, G. Focal Arterial
Injuries of the Proximal Extremities: Helical CT Arteriography as the Initial Method of Diagnosis. Radiology 2001, 218, 188-194.
[CrossRef]

Ng, JW.G.; Myint, Y.; Ali, EM. Management of multiligament knee injuries. EFORT Open Rev. 2020, 5, 145-155. [CrossRef]
Howells, N.R.; Brunton, L.R.; Robinson, J.; Porteus, A.].; Eldridge, ].D.; Murray, ].R. Acute knee dislocation: An evidence based
approach to the management of the multiligament injured knee. Injury 2011, 42, 1198-1204. [CrossRef]

Talley, B.E.; Ginde, A.A.; Raja, A.S.; Sullivan, A.E; Espinola, J.A.; Camargo, C.A., Jr. Variable Access to Immediate Bedside
Ultrasound in the Emergency Department. West . Emerg. Med. 2011, 12, 96-99. [CrossRef] [PubMed]

Mills, W.J.; Barei, D.P.,; McNair, P. The Value of the Ankle-Brachial Index for Diagnosing Arterial Injury After Knee Dislocation: A
Prospective Study. J. Trauma Inj. Infect. Crit. Care 2004, 56, 1261-1265. [CrossRef]

Khaliq, A.A; Nsiah, E.; Bilal, N.H.; Hughes, D.R.; Duszak, R. The Scope and Distribution of Imaging Services at Critical Access
Hospitals. J. Am. Coll. Radiol. 2014, 11, 857-862. [CrossRef]

Bynoe, R.P,; Miles, W.S.; Bell, R.M.; Greenwold, D.R.; Sessions, G.; Haynes, J.L.; Rush, D.S. Noninvasive Diagnosis of Vascular
Trauma by Duplex Ultrasonography. J. Vasc. Surg. 1991, 14, 346-352. [CrossRef] [PubMed]

Ersoy, H.; Rybicki, EJ. MR Angiography of the Lower Extremities. Am. |. Roentgenol. 2008, 190, 1675-1684. [CrossRef] [PubMed]
O’Banion, L.A.; Dirks, R.; Saldana-Ruiz, N.; Farooqui, E.; Yoon, W.].; Pozolo, C.; Fox, C.J.; Crally, A ; Siada, S.; Nehler, M.R ; et al.
Contemporary outcomes of traumatic popliteal artery injury repair from the popliteal scoring assessment for vascular extremity
injury in trauma study. J. Vasc. Surg. 2021, 74, 1573-1580.e2. [CrossRef] [PubMed]

Moreno, B.; Vaz, P.; Melo, B.; Cunha, M.; Vaz, R. Knee Dislocation with Vascular and Nerve Injury in a Professional Football
Player: Return to Play. Cureus 2022, 14, €21607. [CrossRef]

Azar, EM.; Brandt, ].C.; Miller, R H.; Phillips, B.B. Ultra-Low-Velocity Knee Dislocations. Am. J. Sports Med. 2011, 39, 2170-2174.
[CrossRef] [PubMed]

Sanders, T.L.; Johnson, N.R.; Levy, N.M.; Cole, P.A.; Krych, A.].; Stuart, M.; Levy, B.A. Effect of Vascular Injury on Functional
Outcome in Knees with Multi-Ligament Injury. . Bone Jt. Surg. 2017, 99, 1565-1571. [CrossRef]


https://www.ncbi.nlm.nih.gov/books/NBK470595/
https://doi.org/10.2106/00004623-196345050-00001
https://doi.org/10.1097/CORR.0000000000001186
https://doi.org/10.1097/00005131-199710000-00011
https://doi.org/10.2106/00004623-200405000-00004
https://www.ncbi.nlm.nih.gov/pubmed/15118031
https://doi.org/10.1007/s00264-020-04517-w
https://www.ncbi.nlm.nih.gov/pubmed/32162037
https://doi.org/10.1177/2325967117706521
https://www.ncbi.nlm.nih.gov/pubmed/28589159
https://doi.org/10.1007/s11999-014-3511-3
https://www.ncbi.nlm.nih.gov/pubmed/24554457
https://doi.org/10.1016/j.avsg.2019.04.016
https://www.ncbi.nlm.nih.gov/pubmed/31344468
https://doi.org/10.1186/s13018-024-04821-w
https://www.ncbi.nlm.nih.gov/pubmed/38858784
https://doi.org/10.1155/2023/4104127
https://www.ncbi.nlm.nih.gov/pubmed/38090676
https://doi.org/10.1001/archsurg.1977.01370080067011
https://www.ncbi.nlm.nih.gov/pubmed/880046
https://doi.org/10.1177/000313481508100702
https://doi.org/10.1148/radiology.218.1.r01ja13188
https://doi.org/10.1302/2058-5241.5.190012
https://doi.org/10.1016/j.injury.2010.11.018
https://doi.org/10.5811/westjem.2011.1.24780509
https://www.ncbi.nlm.nih.gov/pubmed/21691479
https://doi.org/10.1097/01.TA.0000068995.63201.0B
https://doi.org/10.1016/j.jacr.2014.02.013
https://doi.org/10.1016/0741-5214(91)90087-B
https://www.ncbi.nlm.nih.gov/pubmed/1880842
https://doi.org/10.2214/AJR.07.2223
https://www.ncbi.nlm.nih.gov/pubmed/18492924
https://doi.org/10.1016/j.jvs.2021.04.064
https://www.ncbi.nlm.nih.gov/pubmed/34023429
https://doi.org/10.7759/cureus.21607
https://doi.org/10.1177/0363546511414855
https://www.ncbi.nlm.nih.gov/pubmed/21757779
https://doi.org/10.2106/JBJS.16.01540

Surg. Tech. Dev. 2025, 14, 2 20 of 21

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.
56.

57.

58.

59.
60.

61.

62.

63.

64.

65.

66.

67.

68.

Levy, N.M,; Krych, A.].; Hevesi, M.; Reardon, PJ.; Pareek, A.; Stuart, M.].; Levy, B.A. Does age predict outcome after multiligament
knee reconstruction for the dislocated knee? 2- to 22-year follow-up. Knee Surg. Sports Traumatol. Arthrosc. 2015, 23, 3003-3007.
[CrossRef] [PubMed]

Plancher, K; Siliski, J. Long-Term Functional Results and Complications in Patients with Knee Dislocations. J. Knee Surg. 2008, 21,
261-268. [CrossRef]

Vaidya, R.; Roth, M.; Nanavati, D.; Prince, M.; Sethi, A. Low-Velocity Knee Dislocations in Obese and Morbidly Obese Patients.
Orthop. |. Sports Med. 2015, 3, 2325967115575719. [CrossRef] [PubMed]

Slim, K.; Nini, E.; Forestier, D.; Kwiatkowski, F.; Panis, Y.; Chipponi, ]J. Methodological index for non-randomized studies
(MINORS): Development and validation of a new instrument. ANZ |. Surg. 2003, 73, 712-716. [CrossRef] [PubMed]

Kilicoglu, O.L; Pehlivanoglu, T.; Demirel, M.; Chodza, M.; Balci, H.I; Asik, M. The Impact of the Ligamentous Injury Pattern and
Associated Neurovascular Injury on Ultimate Knee Function in Patients with Traumatic Knee Dislocations. J. Knee Surg. 2020, 34,
1495-1502. [CrossRef]

Levy, B.A.; Dajani, K.A.; Whelan, D.B.; Stannard, ]J.P,; Fanelli, G.C.; Stuart, M.].; Boyd, J.L.; MacDonald, P.A.; Marx, R.G. Decision
Making in the Multiligament-Injured Knee: An Evidence-Based Systematic Review. Arthrosc. J. Arthrosc. Relat. Surg. 2009, 25,
430-438. [CrossRef]

Eranki, V.; Begg, C.; Wallace, B. Outcomes of Operatively Treated Acute Knee Dislocations. Open Orthop. ]. 2010, 4, 22-30.
[CrossRef] [PubMed]

Shelbourne, K.D.; Klootwyk, T.E. Low-velocity knee dislocation with sports injuries: Treatment Principles. Clin. Sports Med. 2000,
19, 443-456. [CrossRef] [PubMed]

Bakshi, N.K,; Khan, M.; Lee, S.; Finney, ET.; Stotts, J.; Sikka, R.S.; Bedi, A. Return to Play After Multiligament Knee Injuries in
National Football League Athletes. Sports Health A Multidiscip. Approach 2018, 10, 495-499. [CrossRef]

Hirschmann, M.T.; Iranpour, E; Miiller, W.; Friederich, N.F. Surgical Treatment of Complex Bicruciate Knee Ligament Injuries in
Elite Athletes. Am. J. Sports Med. 2010, 38, 1103-1109. [CrossRef] [PubMed]

Watelet, J.; Soury, P.; Menard, J.-F; Plissonnier, D.; Peillon, C.; Lestrat, J.-P; Testart, ]. Femoropopliteal Bypass: In Situ or Reversed
Vein Grafts? Ten-Year Results of a Randomized Prospective Study. Ann. Vasc. Surg. 1997, 11, 510-519. [CrossRef] [PubMed]
Kirby, L.; Abbas, J.; Brophy, C. Recanalization of an Occluded Popliteal Artery Following Posterior Knee Dislocation. Ann. Vasc.
Surg. 1999, 13, 622-624. [CrossRef] [PubMed]

Feliciano, D.V. Blunt injury to the popliteal artery. Trauma Surg. Acute Care Open 2018, 3, €000215. [CrossRef] [PubMed]

Khalil, I.M.; Livingston, D.H. Intravascular shunts in complex lower limb trauma. J. Vasc. Surg. 1986, 4, 582-587. [CrossRef]
[PubMed]

Sciarretta, ].D.; Macedo, ELB.; Otero, C.A.; Figueroa, ].N.; Pizano, L.R.; Namias, N. Management of traumatic popliteal vascular
injuries in a level I trauma center: A 6-year experience. Int. J. Surg. 2015, 18, 136-141. [CrossRef] [PubMed]

Plummer, J.; McFarlane, M.; Jones, K.; Mitchell, D. Popliteal artery transection associated with blunt knee injury: Controversies in
management—A case report. West Indian Med. ]. 2005, 54, 82-84. [CrossRef]

Porter, ].M. In Situ Versus Reversed Vein Graft: Is One Superior? . Vasc. Surg. 1987, 5, 779-780. [CrossRef] [PubMed]

Shah, T,; Tirziu, D.; Ghare, M.L; Yang, Y.; Taoutel, R.; Gaston, S.; Lansky, A.J. Surgical Bypass of Femoral-Popliteal Arterial Disease:
A Meta-Analysis of Randomized and Prospective Trials. J. Crit. Limb Ischemia 2022, 2, E122-E130. [CrossRef]

Solakovi¢, E.; Toti¢, D.; Solakovi¢, S. Femoro-Popliteal Bypass Above Knee with Saphenous Vein vs Synthetic Graft. Bosn. J. Basic
Med. Sci. 2008, 8, 367-372. [CrossRef]

Vossen, R.; Fokkema, T.; Vahl, A.; Balm, R. Systematic review and meta-analysis comparing the autogenous vein bypass versus a
prosthetic graft for above-the-knee femoropopliteal bypass surgery in patients with intermittent claudication. Vascular 2022, 32,
91-101. [CrossRef] [PubMed]

Park, K.-M.; Kim, Y.W.; Yang, S.-S.; Kim, D.-I. Comparisons between prosthetic vascular graft and saphenous vein graft in
femoro-popliteal bypass. Ann. Surg. Treat. Res. 2014, 87, 35-40. [CrossRef] [PubMed]

Hutto, ].D.; Reed, A.B. Endovascular repair of an acute blunt popliteal artery injury. J. Vasc. Surg. 2007, 45, 188-190. [CrossRef]
[PubMed]

Matthewson, G.; Kwapisz, A.; Sasyniuk, T.; MacDonald, P. Vascular Injury in the Multiligament Injured Knee. Clin. Sports Med.
2019, 38, 199-213. [CrossRef]

Potter, H.G.; Weinstein, M.; Allen, A.A.; Wickiewicz, T.L.; Helfet, D.L. Magnetic Resonance Imaging of the Multiple-Ligament
Injured Knee. J. Orthop. Trauma 2002, 16, 330-339. [CrossRef] [PubMed]

Gray, J.L.; Cindric, M. Management of Arterial and Venous Injuries in the Dislocated Knee. Sports Med. Arthrosc. Rev. 2011, 19,
131-138. [CrossRef]

Ramirez-Bermejo, E.; Gelber, P.E.; Pujol, N. Management of acute knee dislocation with vascular injury: The use of the external
fixator. A systematic review. Arch. Orthop. Trauma Surg. 2020, 142, 255-261. [CrossRef] [PubMed]


https://doi.org/10.1007/s00167-015-3750-1
https://www.ncbi.nlm.nih.gov/pubmed/26286621
https://doi.org/10.1055/s-0030-1247829
https://doi.org/10.1177/2325967115575719
https://www.ncbi.nlm.nih.gov/pubmed/26665048
https://doi.org/10.1046/j.1445-2197.2003.02748.x
https://www.ncbi.nlm.nih.gov/pubmed/12956787
https://doi.org/10.1055/s-0040-1710368
https://doi.org/10.1016/j.arthro.2009.01.008
https://doi.org/10.2174/1874325001004010022
https://www.ncbi.nlm.nih.gov/pubmed/20224661
https://doi.org/10.1016/S0278-5919(05)70217-9
https://www.ncbi.nlm.nih.gov/pubmed/10918959
https://doi.org/10.1177/1941738118768812
https://doi.org/10.1177/0363546509356978
https://www.ncbi.nlm.nih.gov/pubmed/20215579
https://doi.org/10.1007/s100169900083
https://www.ncbi.nlm.nih.gov/pubmed/9302064
https://doi.org/10.1007/s100169900310
https://www.ncbi.nlm.nih.gov/pubmed/10541618
https://doi.org/10.1136/tsaco-2018-000215
https://www.ncbi.nlm.nih.gov/pubmed/30246153
https://doi.org/10.1016/0741-5214(86)90173-4
https://www.ncbi.nlm.nih.gov/pubmed/3783833
https://doi.org/10.1016/j.ijsu.2015.04.056
https://www.ncbi.nlm.nih.gov/pubmed/25924816
https://doi.org/10.1590/S0043-31442005000100016
https://doi.org/10.1016/0741-5214(87)90170-4
https://www.ncbi.nlm.nih.gov/pubmed/3573219
https://doi.org/10.25270/jcli/CLIG22-00014
https://doi.org/10.17305/bjbms.2008.2899
https://doi.org/10.1177/17085381221124701
https://www.ncbi.nlm.nih.gov/pubmed/36066001
https://doi.org/10.4174/astr.2014.87.1.35
https://www.ncbi.nlm.nih.gov/pubmed/25025025
https://doi.org/10.1016/j.jvs.2006.08.067
https://www.ncbi.nlm.nih.gov/pubmed/17210408
https://doi.org/10.1016/j.csm.2018.11.001
https://doi.org/10.1097/00005131-200205000-00007
https://www.ncbi.nlm.nih.gov/pubmed/11972076
https://doi.org/10.1097/JSA.0b013e3182191a9c
https://doi.org/10.1007/s00402-020-03684-0
https://www.ncbi.nlm.nih.gov/pubmed/33222023

Surg. Tech. Dev. 2025, 14, 2 21 of 21

69.

70.

71.

72.

73.

74.

Bodendorfer, B.M.; Keeling, L.E.; Michaelson, E.M.; Shu, H.T.; Apseloff, N.A.; Spratt, ].D.; Malone, P.S.; Argintar, E.H. Predictors of
Knee Arthrofibrosis and Outcomes after Arthroscopic Lysis of Adhesions following Ligamentous Reconstruction: A Retrospective
Case—Control Study with Over Two Years’ Average Follow-Up. J. Knee Surg. 2018, 32, 536-543. [CrossRef] [PubMed]

Fulton, Z.W.; Singleton, A.; Davis, K.R. Acute Femoropopliteal Bypass Graft Occlusion After Knee Manipulation Under Anesthesia:
A Case Report and Review of Current Literature. JAAOS Glob. Res. Rev. 2022, 6, e21. [CrossRef] [PubMed]

Stannard, J.P.; Nuelle, C.W.; McGwin, G.; Volgas, D.A. Hinged External Fixation in the Treatment of Knee Dislocations. J. Bone Jt.
Surg. 2014, 96, 184-191. [CrossRef]

Perry, K.J.; Massey, P.A.; Simoncini, A.; Barton, R.S. Third Place: MRI safety of external fixation devices: A review of the literature.
Curr. Orthop. Pr. 2018, 29, 302-307. [CrossRef]

Levy, B.A.; Krych, A.J.; Shah, ].P; Morgan, J.A.; Stuart, M.]. Staged protocol for initial management of the dislocated knee. Knee
Surg. Sports Traumatol. Arthrosc. 2010, 18, 1630-1637. [CrossRef] [PubMed]

Chhabra, A.; Cha, PS.; Rihn, J.A.; Cole, B.; Bennett, C.H.; Waltrip, R.L.; Harner, C.D. Surgical Management of Knee Dislocations. J.
Bone Jt. Surg. 2005, 87, 1-21. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1055/s-0038-1655741
https://www.ncbi.nlm.nih.gov/pubmed/29852512
https://doi.org/10.5435/JAAOSGlobal-D-21-00197
https://www.ncbi.nlm.nih.gov/pubmed/35134016
https://doi.org/10.2106/JBJS.L.01603
https://doi.org/10.1097/BCO.0000000000000635
https://doi.org/10.1007/s00167-010-1209-y
https://www.ncbi.nlm.nih.gov/pubmed/20635077
https://doi.org/10.2106/jbjs.d.02711

	Introduction 
	Anatomy 
	Presentation and Diagnosis 

	Methods 
	Study Selection 
	Inclusion Criteria 
	Data Extraction 

	Results 
	Discussion 
	Other Considerations 
	Vascular Repair 
	Orthopedic Considerations 

	Conclusions 
	References

