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Background: The optimal timing of surgical intervention for multiligament knee injuries remains controversial.

Purpose: To review the clinical and functional outcomes after acute and delayed surgical intervention for multiligament knee injuries.

Study Design: Systematic review; Level of evidence, 4.

Methods: We performed a search of the PubMed, Embase, Cochrane Library, and Web of Science databases from inception to
September 2020. Eligible studies reported on knee dislocations, multiligament knee injuries, or bicruciate ligament injuries in adult
patients (age, �18 years). In addition to comparing outcomes between acute and delayed surgical intervention groups, we con-
ducted 3 subgroup analyses for outcomes within isolated knee injuries, knee injuries with concomitant polytrauma/fractures, and
high-level (level 2) studies.

Results: Included in the analysis were 31 studies, designated as evidence level 2 (n ¼ 3), level 3 (n ¼ 8), and level 4 (n ¼ 20). These
studies reported on 2594 multiligament knee injuries sustained by 2585 patients (mean age, 25.1-65.3 years; mean follow-up,
12-157.2 months). At the latest follow-up timepoint, the mean Lysholm (n ¼ 375), International Knee Documentation Committee
(IKDC) (n ¼ 286), and Tegner (n ¼ 129) scores for the acute surgical intervention group were 73.60, 67.61, and 5.06, respectively.
For the delayed surgical intervention group, the mean Lysholm (n ¼ 196), IKDC (n ¼ 172), and Tegner (n ¼ 74) scores were 85.23,
72.32, and 4.85, respectively. The mean Lysholm (n ¼ 323), IKDC (n ¼ 236), and Tegner (n ¼ 143) scores for our isolated subgroup
were 83.7, 74.8, and 5.0, respectively. By comparison, the mean Lysholm (n¼ 270), IKDC (n¼ 236), and Tegner (n¼ 206) scores for
the polytrauma/fractures subgroup were 83.3, 64.5, and 5.0, respectively.

Conclusion: The results of our systematic review did not elucidate whether acute or delayed surgical intervention produced
superior clinical and functional outcomes. Although previous evidence has supported acute surgical intervention, future pro-
spective randomized controlled trials and matched cohort studies must be completed to confirm these findings.
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Multiligament knee injuries can be defined as the disruption
of at least 2 of the 4 primary knee ligaments and can result
from dislocations of the tibiofemoral joint. Knee disloca-
tions are uncommon pathologies, accounting for less than
0.02% of all orthopaedic injuries.17,21,27,44,46 Many have
postulated that the reported incidence of knee dislocations
underestimates the true burden of these injuries as a result
of spontaneous reductions and missed diagnoses during the
initial examination.6,44,56 Multiligament knee injuries and
knee dislocations are devastating and potentially life-

threatening. Amputation of the lower limb has an incidence
of 12% after knee dislocation and is a feared outcome asso-
ciated with these pathologies because of concomitant vas-
cular injury to the popliteal artery.37

As a result of the complexity of multiligament knee inju-
ries, their associated complications, and low rate of occur-
rence, the proper treatment strategy and the timing of
surgical intervention remains controversial. Acute surgical
intervention within the first 3 weeks after injury has been
supported by many authors and surgeons because of reported
improvements in functional and clinical outcomes15,24,31-33,55

without compromising the range of motion when early post-
operative mobilization protocols were utilized.50 Moreover,
surgical intervention has been recommended within 3 weeks
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of injury before significant scar formation15,33,55 and also has
been shown to reduce the risk of articular cartilage and
meniscal injuries.33,51 On the other hand, delayed surgical
intervention has been supported because of improved preop-
erative knee range of motion, extra-articular structure heal-
ing, and recovery of associated soft tissues
injuries.10,11,28,31,49,51

This lack of consensus within the literature has been
examined in previous systematic reviews; however, studies
with skeletally immature patients were included,19,31,50

cases with associated polytraumatic injuries or fractures
were excluded,19 and only the most severely classified inju-
ries were examined.40 Therefore, the main purpose of this
systematic review was to examine whether acute or delayed
surgical intervention would result in superior clinical and
functional outcomes in patients at least 18 years of age
sustaining knee dislocations, multiligament knee injuries,
or bicruciate ligament injuries. A secondary focus of our
review was to complete a subgroup analysis between an
isolated injury cohort and concomitant polytrauma/frac-
ture cohort to further examine how these factors affect sur-
gical timing and outcome measures. It was hypothesized
that acute surgical intervention would result in superior
clinical and functional outcomes in our study population.

METHODS

Literature Search

The PubMed, Embase, the Cochrane library, and Web of
Science databases were systematically searched for studies
published from inception to September 2020. The Boolean
search terms and operators used are as follows: (“knee dis-
location”) OR (“multi-ligament” AND “knee” AND [“injury”
OR “reconstruction” OR “repair” OR “surgical manage-
ment”]) OR (“traumatic” AND “knee” AND [“dislocation”
OR “ligament repair”]). The current systematic review
was conducted according to the PRISMA (Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses)
guidelines.

Eligibility Criteria

Studies were eligible for inclusion if they met the following
criteria: (1) full-text publications reporting surgical treat-
ment, reconstruction or repair, and outcomes of knee dislo-
cations, multiligament knee injuries, or bicruciate ligament
injuries in patients 18 years and older; (2) total sample size
>10 patients; and (3) studies published in English. Publica-
tions were excluded if patients presented with an injury to
fewer than 2 ligaments, with isolated patellar or tibiofibular

dislocations, after total knee arthroplasty as well as if insuf-
ficient demographic detail was provided. All review articles,
meta-analyses, editorials, commentaries, case reports, bio-
mechanical studies, book chapters, epidemiological/inci-
dence reports, and technical notes were excluded.

Study Selection and Data Extraction

After duplicate article exclusion, titles and abstracts were
screened by 1 investigator (R.S.M.) according to the inclu-
sion criteria. A full-text review was performed to further
determine eligibility on all studies included after the
screening process and on any studies in which uncertainty
was encountered. All relevant data from eligible studies
were independently extracted by the same single investiga-
tor. The information (if reported) retrieved from each pub-
lication included (1) general study information (author,
title, year, journal of publication, and study design); (2)
characteristics data (sample size, age, and sex); (3) injury
data (laterality, velocity, mechanism, and Schenck classifi-
cation); (4) timing of surgery and follow-up; (5) graft type
utilized during surgery; and (6) outcomes reported (objec-
tive, subjective, and concomitant injuries). Based on oper-
ative timing definitions used in previous studies,15,31,53,55

cases treated within the first 3 weeks of injury were defined
as acute. All other cases treated after the 3-week time
period were defined as delayed. In addition to the analysis
of all 31 included articles, 3 subgroup analyses (isolated
knee injuries, knee injuries with concomitant polytrauma/
fractures, and high-level studies [level of evidence 2]) were
completed. The isolated injuries subgroup included
patients who sustained knee dislocations and bicruciate/
multiligament knee injuries (1) without concomitant inju-
ries and (2) with concomitant damage limited to meniscal,
articular cartilage, neural, or vascular structures. The con-
comitant polytrauma/fractures subgroup included all other
cases where polytrauma/fractures were associated with the
clinical presentation. The high-level studies subgroup anal-
ysis was based on cutoffs within the literature that defined
"high levels of evidence” as publications that were reported
to have level 1 and 2 designations.7,12 No statistical analy-
ses were completed because of the inherent heterogeneity of
the patient population included in this systematic review.

RESULTS

Study Selection and General Characteristics

Our online database search yielded a total of 4506 pub-
lications (1330, 2367, 44, and 765 reports in PubMed,
Embase, Cochrane Library, and Web of Science,

†Address correspondence to Qais Naziri, MD, MBA, Department of Orthopaedic Surgery and Rehabilitation Medicine, State University of New York
(SUNY) Downstate Medical Center, 450 Clarkson Avenue, MSC 30, Brooklyn, NY 11203, USA (email: qnaziri@gmail.com).

*Department of Orthopaedic Surgery and Rehabilitation Medicine, State University of New York (SUNY) Downstate Medical Center, Brooklyn, New York, USA.
‡Department of Orthopaedic Surgery, Aspetar Orthopaedic and Sports Medicine Hospital, Doha, Qatar.
Final revision submitted February 18, 2021; accepted March 2, 2021.
One or more of the authors has declared the following potential conflict of interest or source of funding: B.A.Z. has received nonconsulting fees and

honoraria from Vericel and hospitality payments from Arthrosurface. AOSSM checks author disclosures against the Open Payments Database (OPD).
AOSSM has not conducted an independent investigation on the OPD and disclaims any liability or responsibility relating thereto.

2 Marder et al The Orthopaedic Journal of Sports Medicine

mailto:qnaziri@gmail.com


respectively) as well as 1 additional record obtained from
other sources. Of those, 231 were selected for further eval-
uation. Ultimately, after full-text reading and analysis, 31
studies§ met all the eligibility requirements and were
included in our systematic review. The PRISMA flowchart
is shown in Figure 1.

All studies were published over a 21-year period between
1999 and 2020, reporting on 2594 knee dislocations, multi-
ligament knee injuries, or bicruciate knee injuries sustained
by 2585 patients. Of the 31 publications, 5 of these4,5,8,48,52 did
not report the timing from injury to surgical repair/recon-
struction of the cruciate ligaments. Based on each study’s
stated mean time to surgery, 10 studiesk reported outcomes
for acute surgical intervention, 8 studies1,3,14,26,30,34-36

reported outcomes for delayed surgical intervention, and
8 studies16,32,38,39,41,53,57,58 included outcomes on both.
According to sex distributions and male-to-female ratios, all
but 2 studies1,48 reported that men represented the majority
in each cohort of patients. The mean age ranged from 25.1 to
65.3 years with a mean follow-up time ranging from 12 to
157.2 months. Additional general characteristics of the
included studies are summarized in Appendix Table A1.

Analysis of Included Studies

The majority of the included studies (64.52%) were retro-
spective case series by design, which corresponds to a level

4 evidence designation (Appendix Table A1). The remain-
ing studies were divided among evidence level 2 (9.68%)
and level 3 (25.81%). Of the 31 studies, 7 did not report the
surgical intervention utilized,3,5,8,9,38,48,52 while autografts
were the most highly reported graft used for anterior cru-
ciate ligament (ACL) reconstruction (12 studies),{ and
autografts# and allografts** were the most highly reported
graft used for posterior cruciate ligament (PCL) reconstruc-
tion (9 studies each). The most commonly reported outcome
measures were the Lysholm knee scoring scale (70.97%),
International Knee Documentation Committee subjective
knee evaluation form (IKDC) (61.29%), range of motion
(ROM) (54.84%), and Tegner activity score (51.61%). Based
on the reported values, the mean Lysholm (n ¼ 375), IKDC
(n ¼ 286), and Tegner (n ¼ 129) scores for patients who
underwent acute surgical intervention were 73.60, 67.61,
and 5.06, respectively. For the delayed surgical interven-
tion group, the mean Lysholm (n ¼ 196), IKDC (n ¼ 172),
and Tegner (n ¼ 74) scores were 85.23, 72.32, and 4.85,
respectively. The total number of reported concomitant
peroneal nerve and vascular injuries for the acute surgical
intervention group were 68 (19.2%) and 29 (16.1%), respec-
tively. For the delayed surgical intervention group, the
total number of reported concomitant peroneal nerve
and vascular injuries were 32 (23.4%) and 27 (19.7%),
respectively.
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Studies included in 
systema�c review

(n = 31)

Records screened
(n = 3147)

Full-text ar�cles
assessed for eligibility

(n = 231)

Records iden�fied through 
database searching

(n = 4506)

Records a�er duplicates removed
(n = 3147)

Records excluded
(n = 2916)

Full-text ar�cles excluded,
with reasons (n = 200)

· Review ar�cle (n = 82)
· Pa�ents <18 years old (n = 75)
· Insufficient demographics (n = 16)
· U�lity of arteriography/MRI (n = 10)
· <10 pa�ents in sample (n = 9)
· Epidemiology/incidence (n = 6)
· PCL only (n = 1)
· Not in English (n = 1)

Addi�onal records iden�fied 
through other sources

(n = 1)

Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flowchart summarizing the literature
search, screening, and review of eligible articles. MRI, magnetic resonance imaging; PCL, posterior cruciate ligament.

§References 1, 3, 4, 5, 8, 9, 14, 16, 18, 20, 22-24, 26, 29, 30, 32, 34-36,
38, 39, 41, 42, 45, 48, 52-54, 57, 58.

||References 9, 18, 20, 22-24, 29, 42, 45, 54.

{References 14, 20, 23, 24, 29, 30, 32, 35, 36, 53, 54, 58.
#References 23, 24, 29, 32, 35, 36, 53, 54, 58.
**References 1, 4, 14, 16, 29, 34, 42, 54, 57.
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Isolated Knee Injuries Subgroup Analysis

Seventeen studies†† were included in our isolated knee
injuries subgroup analysis. The Lysholm, IKDC, and
Tegner scores for the entire isolated subgroup are listed
in Appendix Table A2. Based on the reported values, the
mean Lysholm (n ¼ 323), IKDC (n ¼ 236), and Tegner (n ¼
143), scores were 83.7, 74.8, and 5.0, respectively. The total
number of common peroneal nerve and vascular injuries
were 125 (7.3%) and 236 (13.9%), respectively. Table 1 con-
tains the concomitant peroneal nerve and vascular injury
data for the entire isolated subgroup. The mean ROM at the
final follow-up and the number of patients with flexion lim-
itations of 5� to 15� for all studies included in the isolated
subgroup are summarized in Table 2.

Concomitant Polytrauma/Fractures Subgroup
Analysis

Sixteen studies‡‡ were included in our polytrauma/frac-
tures subgroup analysis. The Lysholm, IKDC, and Tegner
scores for the entire subgroup are summarized in Table 3.
The mean Lysholm (n ¼ 270), IKDC (n ¼ 236), and Tegner
(n¼ 206) scores for the polytrauma/fracture subgroup were
83.3, 64.5, and 5.0, respectively. The total number of con-
comitant peroneal nerve and vascular injuries is provided
in Table 4. The total number of common peroneal nerve and

vascular injuries were 151 (17.4%) and 71 (9.5%), respec-
tively. The mean ROM at the final follow-up and the num-
ber of patients with flexion limitations of 5� to 15� for all
studies included in the polytrauma/fractures subgroup are
summarized in Table 5.

Subgroup Analysis of High-Level (Level of Evidence
2) Studies

Three studies18,29,35 were included in the high-level studies
subgroup analysis. Lo et al35 was the only high-level study
to report outcomes for delayed surgical intervention. The
mean Lysholm score (n¼ 11), percentage of patients within
IKDC grade A (normal)/grade B (nearly normal) (n ¼ 11),
and mean Tegner score (n ¼ 11) for delayed intervention
were 88, 82%, and 6.2, respectively. In comparison, the
Lysholm (n ¼ 105), IKDC (n ¼ 105), and Tegner (n ¼ 69)
scores for acute surgical intervention were 80.42, 75.75,
and 5.0, respectively. The total number of common peroneal

TABLE 1
Concomitant CPN and Vascular Injuries in the Isolated

Knee Injuries Subgroupa

Lead Author (Year)
CPN Injuries,

n (%)
Vascular Injuries,

n (%)

Mariani36 (2001) 1 (7.1) 0 (0)
Niall41 (2005) 14 (25.0)b 2 (3.6)b

Zhao58 (2008) 0 (0) 0 (0)
Lo35 (2009) NRc NRc

Subbiah53 (2011) NRc NRc

Ibrahim24 (2013) 1c (4.0) 2c (8.0)
Li32 (2013) NR 3c (16.7)
Angelini1 (2015) NR 1c

Moatshe39 (2017) 15 (23) 5 (8)
Darcy8 (2018) 8 (21.1) 4 (10.5)
Ebrahimzadeh9 (2018) 6 (30.0) 6 (30.0)
Hongwu20 (2018) NRc NRc

Stewart52 (2018) 57 (4.3) 198 (15.0)
Heitmann18 (2019) 11 (15.9) NRc

Kanakamedala26 (2020) 1 (8.3) 2 (16.7)
Kilicoglu30 (2020) 12 (28.6) 11 (26.2)
Scheu48 (2020) 2c (1.6)b 8 (16.0)

aCPN, common peroneal nerve; NR, not reported
bCalculated using entire cohort of patients before exclusion

criteria.
cPatients were removed from the study based on exclusion

criteria.

TABLE 2
ROM in the Isolated Knee Injuries Subgroupa

Lead Author
(Year)

Mean ROM at Final
Follow-up

Patients With 5� to 15�

Flexion Limitation at
Final Follow-up, n (%)

Mariani36 (2001) 118� (range, 105�-135�) NR; 1, loss in flexion
(7.1)

Niall41 (2005) NR NR
Zhao58 (2008) Acute: >120� (n ¼ 7)

Delayed: WNL (n¼ 19)
� Acute: 3
� Delayed: 2

Lo35 (2009) WNL (n ¼ 8; 73.0%) 1 (9.0)
Subbiah53 (2011) NR NR
Ibrahim24 (2013) NR 4 (20.0)
Li32 (2013) Acute: 124.5� ± 11.6�

Delayed: 108.3� ± 12.5�

Total: 119.7� ± 13.9�

Acute: 7.5� ± 7.2�b

Delayed: 20.7� ± 11.4�b

Total: 11.7� ± 11.3�b

Angelini1 (2015) 114.7� ± 8.4� NR
Moatshe39 (2017) NR NR
Darcy8 (2018) NR NR
Ebrahimzadeh9

(2018)
98� ± 34� (range,

0�-140�)
NR

Hongwu20 (2018) 132.69� ± 11.66� 1 (7.7%)
Stewart52 (2018) NR NR
Heitmann18

(2019)
NR NR

Kanakamedala26

(2020)
NR NR

Kilicoglu30 (2020) 116� (range, 60�-135�)
ICNI: 100� ± 28.96�

(range, 60�-130�)
ICVI: 114.62� ± 18.20�

(range, 85�-135�)
W/oMVNI: 130� ± 4.33�

(range, 125�-135�)

NR

Scheu48 (2020) NR NR

aICNI, isolated concomitant neural injury; ICVI, isolated con-
comitant vascular injury; NR, not reported; ROM, range of motion;
WNL, within normal limits; W/oMVNI, without major vascular or
neural injury

bData reported as mean ± SD.

††References 1, 8, 9, 18, 20, 24, 26, 30, 32, 35, 36, 39, 41, 48, 52, 53, 58.
‡‡References 3-5, 8, 14, 16, 22, 23, 26, 29, 34, 38, 42, 45, 54, 57.
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nerve and vascular injuries was 19 (18.10%) and 4 (11.1%),
respectively, for acute surgical intervention among the
high-level studies subgroup. These values were not
reported for delayed surgical intervention among the
high-level studies subgroup.

DISCUSSION

The results of our systematic review suggest that there is
insufficient evidence to determine whether acute or
delayed surgical intervention produces superior clinical
and functional outcomes in patients who sustained multi-
ligament knee injuries. Barfield et al2 also concluded that

evidence was lacking when examining acute versus staged
treatment for multiligament knee injuries in 2015. Our
reported mean IKDC and Tegner scores provide inconclu-
sive evidence concerning whether acute or delayed surgery
should be utilized as the superior therapeutic intervention
for patients who are recovering from multiligament knee
injuries. In contrast, the mean Lysholm scores showed
quantitative (73.60 vs 85.23) and qualitative (fair vs good
outcomes) variation in favor of the delayed surgical inter-
vention cohort. In 2015, Jiang et al25 reported that there
was not a statistically significant difference between
acute and delayed surgical intervention cohorts based on
IKDC and Lysholm scores. These results simultaneously
support and refute the results of our current systematic

TABLE 3
Lysholm, Tegner, and IKDC Scores in the Concomitant Polytrauma/Fractures Subgroupa

Lead Author (Year) Time to Surgery, Mean (Range), d
Lysholm Score, Mean

(Range)
Tegner Score, Mean

(Range) IKDC Score Overall

Ibrahim23 (1999) 9.5 (6-15) 79.3 (43-97) Pre: 7.6
FU: 4.7

NR

Bin4 (2007) Stage 1: �14
Stage 2: NR

FU: 87.6 (65-100) FU: 3.9 (3-5) 3 (20%) grade Ab; 8 (53.3%) grade
B; 4 (26.7%) grace C; 0 (0%)
grade D

Bonnevialle5 (2010) NR NR NR NR
Zhang57 (2013) Acute: 7.3 (1-13) (n ¼ 48)

Delayed: 115.58 (30.42-273.75)
(n ¼ 11)

Acute FU: 87.6 ± 10.2
Delayed FU: 80.5 ± 13.3
KD-1: 90.3 ± 9.7
KD-2: 86.4 ± 12.2
KD-3: 83.9 ± 10.5
KD-4: 72.7 ± 15.9
KD-5: 80.6 ± 12.8
Total pre: 49.3 ± 6.9
Total FU: 86.8 ± 11.4

KD-1: 6.0 ± 2.4
KD-2: 5.2 ± 2.1
KD-3: 4.4 ± 1.8
KD-4: 3.5 ± 2.5
KD-5: 4.0 ± 3.1
Total pre: 0.9 ± 2.3
Total FU: 6.2 ± 2.5

NR

Hua22 (2016) (5-10) FU: 87.5 ± 7.7 (71-95) Prior: 5.6 ± 1.4 (3-9)
FU: 3.4 ± 1.7 (1-6)

NR

Khakha29 (2016) 11.4 (1-21) FU: 79.3 (57-91) NR 1 (3%) grade A; 19 (53%) grade B;
13 (36%) grade C; 3 (8%) grade
D

Barrow3 (2017) 165 (8-650) (n ¼ 22) NR NR NR
Liu34 (2017) >77 FU: 87.6 (73-95) NR NR
Moatshe38 (2017) Acute: �21 (n ¼ 176)

Delayed: >21 (n ¼ 27)
NR NR NR

Darcy8 (2018) NR NR NR NR
Hatch16 (2018) Acute: �21 (n ¼ 7)

Delayed: >21 (n ¼ 26)
NR NR 1-stage reconstruction: 75.6

2-stage reconstruction: 60.9
Ranger45 (2018) 9c (6-14d) FU: 79.5c [65.0-89.0d] FU: 4.0c [3.7-6.0d] FU: 63.8 ± 18.9
Tu54 (2018) 17.9 (13-31) Prior: 98.0 ± 2.2

FU: 89.9 ± 4.1
NR Prior: 95.9 ± 1.5

FU: 81.8 ± 4.5
Hantes14 (2019) 501.88 ± 485.45 FU: 90.6 ± 6.4 FU: 4.3 ± 1.3 FU: 82.13 ± 17.5
Obremskey42 (2019) 3.2 (0-18) FU: 75.4 ± 22.1 (25-98) FU: 5.2 ± 2.7 (1-9) FU: 53.3 ± 26.7 (8-97.7)

16 (34%) grade A;13 (27.6%)
grade B; 13 (27.6%) grade C; 5
(10.6%) grade D

Kanakamedala26

(2020)
Fracture: 44.5 (1-151) (n ¼ 6) NR NR Fracture: 54.2 ± 13.3

aFracture, periarticular fracture subgroup; FU, follow-up; IKDC, International Knee Documentation Committee; KD, knee dislocation
Schenck grade; NR, not reported; Pre, preoperatively; Prior, prior to injury.

bGrade A, normal; grade B, nearly normal; grade C, abnormal; grade D, severely abnormal
cMedian.
dInterquartile range.
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review. In addition, our results seem to diverge from those
of other previous systematic reviews, meta-analyses, and
journal articles15,31,33,40,50,55 that concluded that acute sur-
gical intervention may result in superior clinical and func-
tional outcomes in comparison with delayed intervention.
One possible explanation for the divergence in these results
may be because of our exclusion of patients under the age of
18 years. Hohmann et al,19 Levy et al,31 and Sheth et al50

all included skeletally immature patients in their system-
atic reviews, which could have affected the clinical and
functional outcomes favoring acute surgical intervention.
Although the decision to exclude skeletally immature
patients is an arbitrary cutoff, our systematic review
attempted to limit the potential bias of analyzing outcomes
in both skeletally mature and immature patients. In addi-
tion, the results of Barfield and colleagues’ systematic
review in 2015, which included patients between 23.5 and
45.5 years of age, reported results that align with our cur-
rent conclusion that evidence to suggest superiority of
either treatment strategy remains insufficient. Another
explanation for this lack of consensus with previous sys-
tematic reviews may be because of another aspect of our
inclusion criteria: severity of injury. Mook et al40 only
included the most severe multiligament knee injuries based
on the Schenck knee-injury classification system,47

whereas our review included patients from all levels of
severity. This difference in patient selection based on injury
severity may help explain the inconsistency among our
results and previous studies.

Our subgroup analysis between isolated knee injuries
and knee injuries with concomitant polytrauma/fractures
did not produce conclusive evidence concerning clinical and
functional outcomes. The Lysholm and Tegner scores for

both groups were nearly identical, whereas the mean IKDC
scores suggested a potential difference in function and
activity in favor of the isolated subgroup. In comparison
with the reported frequency of nerve (18%) and vascular
(25%) injuries associated with knee dislocations,37 both the
isolated and polytrauma/fracture subgroups reported lower
rates of occurrence. This could be explained by the wide
range of frequencies reported within the literature and the
difference of opinion regarding the proper diagnostic eval-
uation of vascular injuries (eg, routine angiography, selec-
tive angiography, or ankle-brachial indexes).13,43 In
addition, the heterogeneity among mechanism, velocity,
and classification of injury among studies and cohorts of
patients can cause the frequency of nerve and vascular
injuries to vary and fluctuate accordingly.37

This systematic review is not without limitations and
weaknesses. First, the majority of the studies included in
our analysis were retrospective case series with a level 4
evidence designation. The low methodological quality of
these studies, lack of randomization, and lack of control
groups used for comparison limits the quality and clinical

TABLE 4
Concomitant CPN and Vascular Injuries in the
Concomitant Polytrauma/Fractures Subgroupa

Lead Author (Year)
CPN Injuries,

n (%)
Vascular Injuries,

n (%)

Ibrahim23 (1999) 3 (7.3) NRb

Bin4 (2007) 0 (0) NRb

Bonnevialle5 (2010) 12 (17.9) 4 (6.0)
Zhang57 (2013) NRb NRb

Hua22 (2016) 13 (72.2) NRb

Khakha29 (2016) 8 (22.2) 4 (11.1)
Barrow3 (2017) 15 (32.6) 10 (21.7)
Liu34 (2017) 3 (20.0) 4 (26.7)
Moatshe38 (2017) 58 (19.2) 15 (5.0)
Darcy8 (2018) 7 (13.5) 9 (17.3)
Hatch16 (2018) 4 (12.1) 4 (12.1)
Ranger45 (2018) 21 (19.1) 19 (17.3)
Tu54 (2018) 1 (7.7) 0 (0.0)
Hantes14 (2019) 0 (0.0) 2 (7.7)
Obremskey42 (2019) 5 (10.6) NRb

Kanakamedala26 (2020) 1 (16.7) 0 (0.0)

aCPN, common peroneal nerve; NR, not reported
bPatients were removed from the study based on exclusion

criteria.

TABLE 5
ROM in the Concomitant Polytrauma/Fractures Subgroupa

Lead Author
(Year)

Mean ROM at Final
Follow-up

Patients With a
Flexion Limitation
of 5� to 15� at Final

Follow-up, n (%)

Ibrahim23 (1999) 125� (range, 115� to 135�) 7 (17.1)
Bin4 (2007) WNL (n ¼ 12, 80.0%) 2 (13.3)
Bonnevialle5

(2010)
NR NR

Zhang57 (2013) WNL (n ¼ 42, 71.2%) 14 (23.7)
Hua22 (2016) 112.5� ± 8.4� (range, 98� to

134�)
10 (55.6)

Khakha29 (2016) NR NR
Barrow3 (2017) RTD: 122.1� (range, 80� to

140�)
Separated: 91.6� (range,

10� to 115�)

NR

Liu34 (2017) 123.4� (range, 100� to
135�)

NR

Moatshe38 (2017) NR NR
Darcy8 (2018) NR NR
Hatch16 (2018) NR NR
Ranger45 (2018) 124�b (115.0� to 129.5�c) NR
Tu54 (2018) NR NR
Hantes14 (2019) PROM: 133.33� ± 12.8�

AROM: 116.45� ± 11.5�
NR

Obremskey42

(2019)
PROM: 124� (range, 100�

to 140�)
AROM: 123� ± 9.0� (range,

100� to 140�)

NR

Kanakamedala26

(2020)
NR NR

aAROM, active range of motion; NR, not reported; PROM, pas-
sive range of motion; ROM, range of motion; RTD, return to duty;
Separated, separated from duty; WNL, within normal limits.

bMedian.
cInterquartile range.

6 Marder et al The Orthopaedic Journal of Sports Medicine



utility of our results. Even the results of our high-level
studies subgroup analysis remained inconclusive. It is
apparent that future studies with higher methodological
quality are necessary to clarify whether acute or delayed
surgical intervention is superior. Second, there was an
inherent amount of heterogeneity that existed among the
patient characteristics, injury characteristics (laterality,
mechanism, velocity), and surgical technique utilized
within the included studies. In addition, the reporting of
outcomes and results was inconsistent among studies,
which may have affected the synthesis of data within our
analysis. For these 2 reasons, the generalizability and clin-
ical utility of the reported outcomes must be interpreted
with caution. Last, the Lysholm and IKDC scores have not
been validated as outcome measures for multiligament
knee injuries, yet both have been utilized across the board
as measures of functional and clinical improvement in
patients. This lack of reliability in the 2 most frequently
utilized outcome measures within our systematic review
further limits the clinical utility of our results and rein-
forces the controversy that exists concerning the timing of
surgical intervention for multiligament knee injuries. How-
ever, the major strength of our study stems from our meth-
odological and in-depth analysis of the current literature
pertaining to multiligament knee injuries and the timing
of surgical intervention.

CONCLUSION

Multiligament knee injuries are complex orthopaedic
pathologies. Because of this inherent complexity and the
rarity of multiligament knee injuries, the proper treatment
protocol concerning timing of surgical intervention (acute
vs delayed) remains controversial. This systematic review
attempted to determine whether acute or delayed surgical
intervention would result in superior clinical and func-
tional outcomes for patients at least 18 years of age; how-
ever, our review concluded that there is insufficient
evidence to make this determination remains at this time.
Future studies must focus on improving their methodolog-
ical quality by performing prospective, randomized con-
trolled studies or prospective cohort studies with patient
matching for characteristics, injury severity, and surgical
technique.
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APPENDIX

TABLE A1
General Characteristics of the Included Studiesa

Lead Author
(Year) LOE

Patients/
Knees, n

Sex,
%

Male
Age, Mean

(Range), Years
Time to Surgery,

Mean (Range), Days
Follow-up, Mean
(Range), Months Intervention Outcome Measures

Concomitant
Injuries

Ibrahim23 (1999) 4 40/41 80 26.3 (18-45) 9.5 (6-15) 39 (29-72) ACL/PCL
autograft;
medial/lateral
complex repair

Lysholm, Meyers,
ROM, Tegner

CPN palsy,
fractures,
polytrauma

Mariani36 (2001) 4 14 86 25.1 (18-35) 105 (5-190) 36 (24-56) ACL/PCL autograft Functional tests,
HSS knee
ligament rating
scale, IKDC, KT-
2000, Lysholm,
ROM, Tegner

CPN palsy,
meniscal tears

Niall41 (2005) 4 14 86 30 (19-65) Acute: �4 (n ¼ 10)
Delayed:>21 (n¼ 3)

>18 Complete
ligamentous
reconstruction

Length of peroneal
nerve damage,
EMG/NCS

CPN palsy,
vascular

Bin4 (2007) 4 14/15 86 30.4 (20-51) Stage 1: �14
Stage 2: NR

88.9 (35-100) Stage 1: Repair/
reconstruction of
collateral
ligaments

Stage 2: ACL/PCL
allograft

IKDC, Lysholm,
ROM, Tegner

Fractures, meniscal
tears,
polytrauma

Zhao58 (2008) 4 21 71 27 (18-56) Acute: �21 (n ¼ 7)
Delayed: 273.75

(91.25-577.92)
(n ¼ 14)

>24 ACL/PCL autograft IKDC, KT-1000,
Lysholm, ROM,
Tegner

None

Lo35 (2009) 2 11 55 33 (19-48) 76 (30-150) 55 (36-78) ACL/PCL autograft Cybex 340
dynamometer,
Functional tests,
IKDC, KT-1000,
Lysholm, ROM,
Tegner, VAS
pain score

Meniscal tears

Bonnevialle5

(2010)
4 12 83 32 (21-53) NR �12 NR General motor

function,
Neurologic
remission,
Sensory recovery

CPN palsy,
fractures
polytrauma,
vascular

Subbiah53 (2011) 4 19 100 36 (24-55) Acute: 5.4 (1-14)
(n ¼ 11)

Delayed: 127.74
(30.42-547.50)
(n ¼ 8)

22 (14-33) Grade 3 collateral
injury repair;
ACL/PCL/PLC
autograft

IKDC, Lysholm Meniscal tears

Ibrahim24 (2013) 4 20 100 26.4 (18-48) >15 (15-21) 44 (24-52) ACL/PCL/PLC
autograft; ACL/
PCL reinforced
with LARS
artificial
ligament

IKDC, KOS-ADLS,
KOS-SAS, KT-
1000, Lysholm,
Meyers, ROM,
Tegner

None

Li32 (2013) 4 15 67 30.5 (25-43) Acute: 10.5 (±6.9b)
(n ¼ 6)

Delayed: 186.5
(±140.1b) (n ¼ 9)

90 (72-144) ACL/PCL repair or
autograft

IKDC, Lysholm,
ROM, Tegner

None

Zhang57 (2013) 4 59 85 43.7 (21-63) Acute: 7.3 (1-13)
(n ¼ 48)

Delayed: 115.58
(30.42-273.75)
(n ¼ 11)

30 (21-45) ACL/PCL
(midsubstance)
repair; ACL/PCL
(avulsed)
allograft; PLC
allograft

Lysholm, Tegner,
ROM

CPN palsy,
polytrauma,
vascular

Angelini1 (2015) 4 14 NR 29.3 76.95 41 ACL/PCL/LCL/
MCL allograft

IKDC, Lysholm,
ROM, Tegner

NR

Hua22 (2016) 4 17/18 65 38.8 (19-62) (5-10) 57.6
(28.8-87.6)

ACL/PCL/MCL/
PLC repair

KT-1000, Lysholm,
Meyers, ROM,
SF-36, Tegner,
VAS pain score

CPN palsy,
fractures,
meniscal tears

(continued)
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Table A1 (continued)

Lead Author
(Year) LOE

Patients/
Knees, n

Sex,
%

Male
Age, Mean

(Range), Years
Time to Surgery,

Mean (Range), Days
Follow-up, Mean
(Range), Months Intervention Outcome Measures

Concomitant
Injuries

Khakha29 (2016) 2 36 92 36.5 (19-65) 11.4 (1-21) 121.2 ACL autograft;
PCL/PLC
allograft,
autograft, or
LARS; collateral
ligament
complex repair

IKDC, KOS-ADLS,
KOS-SAS,
Lysholm-Tegner

CPN palsy,
polytrauma,
vascular

Barrow3 (2017) 4 46 100 25.9 (19-44) 165 (8-650) (n ¼ 22) 63.3 (19-87) NR Return to duty,
ROM, VAS pain
score

CPN palsy,
fractures,
polytrauma,
vascular

Liu34 (2017) 4 15 60 29.5 (18-42) >77 36 (14-60) ACL/PCL allograft;
MCL complex
repair

Lysholm, ROM CPN palsy,
extensor
apparatus
rupture,
fractures,
vascular

Moatshe38 (2017) 3 303 65 37.8 (25-49.5c) Acute:�21 (n¼ 176)
Delayed: >21

(n ¼ 127)

NR NR Articular cartilage
and meniscal
injuries,
Neurological
lesions

Articular cartilage,
CPN palsy,
extensor
apparatus
rupture,
fractures,
meniscal tears,
vascular

Moatshe39 (2017) 3 65 55 36.0 (±13.4 b) Acute: 10 (8-13c)
(n ¼ 33)

Delayed: 279 (133-
628c) (n ¼ 32)

157.2 (120-225.6) ACL/PCL
reconstruction
(graft used NR);
MCL repair/
autograft; LCL
repair

Functional tests,
IKDC, KOOS,
KT-1000,
Lysholm, Tegner

Articular cartilage,
CPN palsy,
meniscal tears,
vascular

Darcy8 (2018) 4 88/90 85 35 (18-75) NR 12 NR EQ-5D, GOS-E,
return to work

Extensor apparatus
rupture,
fractures,
meniscal tears,
neural,
polytrauma,
vascular

Ebrahimzadeh9

(2018)
3 20 85 35 (18-60) 11 (0-90) 22 (8-40) NR KSS, Lysholm,

ROM, SF-36
CPN palsy,

vascular
Hatch16 (2018) 3 31/33 70 38.1 (19-57) Acute: �21 (n ¼ 7)

Delayed: >21
(n ¼ 26)

37.9 (12-111) ACL/PCL/MCL/
LCL; popliteus
allograft

IKDC, ML-QOL Fractures, neural,
polytrauma,
vascular

Hongwu20 (2018) 4 13 62 37.8 (27-56) 1.84 (1-3) 32.6 (24-46) ACL autograft; PCL
LARS ligament;
MCL repair

IKDC, KT-1000,
Lysholm, ROM,
Satisfaction rate,
Tegner, Telos
stress device

Meniscal tears

Ranger45 (2018) 4 111 77 32.1c [23.2-43.3c] 9d (6-14)c 79.2 (21.6-202.8) ACL/PCL LARS
ligament

IKDC, KT-1000,
Lysholm,
Meyers, ROM,
Tegner, Telos
stress device

CPN palsy,
meniscal tears,
polytrauma,
vascular

Stewart52 (2018) 3 1324 76 Ultra-lowe: (18-
34) (n ¼ 666)
Lowe: (35-49)

(n ¼ 405)
Highe: (50-64)

(n ¼ 253)

NR NR NR Neurovascular
injuries

Neural, vascular

Tu54 (2018) 4 13 77 65.3 (60-73) 17.9 (13-31) 17.5 (12-23) ACL/PCL autograft
or allograft;
collateral
ligament/PLC
repair

IKDC, Lysholm,
Satisfaction
rating, VAS pain
score

CPN palsy,
fractures,
meniscal tears,
polytrauma

Hantes14 (2019) 3 26 81 27.44 (18-45) 501.88 (±485.45b) 105.38 (33.92)b ACL/LCL
autograft; PCL
allograft

EQ-5D, IKDC,
KOOS, KT-2000,
Lysholm, ROM,
Tegner

Meniscal tears,
fractures,
polytrauma,
vascular

(continued)
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Table A1 (continued)

Lead Author
(Year) LOE

Patients/
Knees, n

Sex,
%

Male
Age, Mean

(Range), Years
Time to Surgery,

Mean (Range), Days
Follow-up, Mean
(Range), Months Intervention Outcome Measures

Concomitant
Injuries

Heitmann18

(2019)
2 69 71 34.2 (18-60) 7.3 (±1.6b) 14 (12-18) ACL/PCL repair IKDC, Lysholm,

Tegner, Telos
stress device

Articular cartilage,
CPN palsy,
meniscal tears

Obremskey42

(2019)
4 47 83 35 (18-70) 3.2 (0-18) 12 ACL/PCL (avulsed)

repair; ACL/PCL
(midsubstance)
allograft

IKDC, KT-1000,
Lysholm, ROM,
Tegner

CPN palsy,
fractures,
meniscal tears

Kanakamedala26

(2020)
3 18 56 Fracture: 39.3

(25.6-59.3) (n¼ 6)
Control: 33.9 (21-

58.6) (n ¼ 12)

� Fracture: 44.5
(1-151) (n ¼ 6)

Control: 63.8
(0-306) (n ¼ 12)

Fracture: 43.2
(15.6-66) (n ¼ 6)
Control: 51.6

(13.2-106.8)
(n ¼ 12)

Repair or
reconstruction of
injured
ligaments

IKDC, KOOS, Marx
Activity Rating
Scale, ML-QOL

CPN palsy,
fractures,
meniscal tears,
vascular

Kilicoglu30 (2020) 3 42 71 34d (18-65) Collateral
ligaments: <7

Cruciate ligaments:
(21-180)

116 (36-204) ACL/LCL/PLC
allograft or
autograft

PCL/MCL/LCL
repair

IKDC, KSS,
Lysholm, ROM

Neural, vascular

Scheu48 (2020) 4 48/50 NR 44 NR >12 NR Vascular lesions Vascular

aACL, anterior cruciate ligament; ADLS, activities of daily living scale; CPN, common peroneal nerve; EMG/NCS, electromyography and
nerve conduction studies; EQ-5D, EuroQol 5-Dimension subjective knee evaluation form; GOS-E, Glasgow extended outcome scores; HSS,
Hospital for Special Surgery; IKDC, International Knee Documentation Committee; KOOS, Knee injury and Osteoarthritis Outcome Score;
KOS, Knee Outcome Survey; KSS, Knee Society Score; LARS, ligament augmentation and reconstruction system; LCL, lateral collateral
ligament; LOE, level of evidence; MCL, medial collateral ligament; ML-QOL, the multiligament quality of life questionnaire; NR, not
reported; PCL, posterior cruciate ligament; PLC, posterolateral corner; ROM, range of motion; SAS, Sports Activity Scale; SF-36, 36-Item
Short Form Health Survey; VAS, visual analog scale.

bSD.
cInterquartile range.
dMedian.
eVelocity of injury reported.

TABLE A2
Lysholm, Tegner, and IKDC Scores in the Isolated Knee Injuries Subgroupa

Lead Author
(Year)

Mean Time to Surgery
(Days, Range)

Mean Lysholm Score
(Range) Mean Tegner Score (Range) Overall IKDC Scoreb

Mariani36 (2001) 105 (5-190) Pre: 65.5 ± 9.1 (48-78)
FU: 95.1 ± 4.5 (88-100)

Prior: 6.9 ± 1.7 (4-9)
FU: 5.5 ± 1.6 (2-9)

NR

Niall41 (2005) Acute: �4 (n ¼ 10)
Delayed: >21 (n ¼ 3)

NR NR NR

Zhao58 (2008) Acute: �21 (n ¼ 7)
Delayed: 273.75

(91.25-577.92) (n ¼ 14)

Total FU: 91.9 ± 4.2
Delayed pre: 64.9 ± 4.7
Delayed FU: 92.7 ± 3.9

Total prior: 6.2 ± 1.8
Total FU: 5.0 ± 1.9
Delayed pre: 1.6 ± 1.4
Delayed FU: 5.1 ± 1.6

Total FU: 85.5 ± 5.8
Delayed pre: 46.1 ± 5.7
Delayed FU: 87.4 ± 6.1

Lo35 (2009) 76 (30-150) Pre 34 ± 12 (22-74)
FU: 88 ± 5.8 (76-95)

Prior: 7.0 ± 1.6 (5-9)
Pre: 3.1 ± 1.6 (2-5)
FU: 6.2 ± 2.0 (3-9)

Pre: 0% grade A/B; 100% grade
C/D

FU: 82% grade A/B; 18% grade
C/D

Subbiah53 (2011) Acute: 5.4 (1-14) (n ¼ 11)
Delayed: 127.74

(30.42-547.50) (n ¼ 8)

Acute FU: 93
Delayed FU: 90
Total FU: 92 ± 7

NR 0 (0%) grade A; 15 (79%) grade B;
2 (10.5%) grade C; 2 (10.5%)
grade D

Ibrahim24 (2013) >15 (15-21) FU: 90 ± 2 (75-95) Prior: 8-9 (n¼ 5); 6-7 (n¼ 11);
5-6 (n ¼ 4)

FU: 4-7 (n ¼ 5); 5-7 (n ¼ 11);
4-5 (n ¼ 4)

0 (0%) grade A; 9 (45%) grade B;
9 (45%) grade C; 2 (10%) grade
D

Li32 (2013) Acute: 10.5 ± 6.9 (n ¼ 6)
Delayed: 186.5 ± 140.1

(n ¼ 9)

Acute FU: 87.7 ± 5.6
Delayed FU: 82.1 ± 6.4
Total FU: 84.3 ± 5.7

Delayed prior: 4.9 ± 0.6
Delayed FU: 3.4 ± 0.5
Total prior: 5.1 ± 0.6
Total FU: 3.6 ± 0.5

Acute: 3 (50%) grade A; 1 (16.7%)
grade B; 2 (33.3%) grade C;
0 (0%) grade D

� Delayed: 2 (22.2%) grade A; 3
(33.3%) grade B; 1 (11.1%)
grade C; 3 (33.3%) grade D

(continued)
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Table A2 (continued)

Lead Author
(Year)

Mean Time to Surgery
(Days, Range)

Mean Lysholm Score
(Range) Mean Tegner Score (Range) Overall IKDC Scoreb

Angelini1 (2015) 76.95 FU: 81.5 ± 12.2 (49-95) NR FU: 71.7 ± 13.3 (37.9-90.8)
0 (0%) grade A; 10 (71.4%) grade

B; 3 (21.4%) grade C; 1 (7.1%)
grade D

Moatshe39 (2017) Acute: 10 (8-13c) (n ¼ 33)
Delayed: 279 (133-628c)

(n ¼ 32)

Acute: 86.9 ± 15
Delayed: 81 ± 19
Total: 84 ± 17.2

Acute: 4d (3-4.25c)
Delayed: 4d (3-5c)
Total: 4d (3-5c)

Acute: 75.6 ± 19.5
Delayed: 70.5 ± 18.3
Total: 73 ± 18.9

Darcy8 (2018) NR NR NR NR
Ebrahimzadeh9

(2018)
11 (0-90) 68 (18-100) NR NR

Hongwu20 (2018) 1.84 (1-3) Pre: 1.53 ± 2.40
FU: 83.53 ± 6.64

Pre: 0 ± 0
FU: 4.84 ± 0.89

Pre: 8.56 ± 1.80
FU: 75.42 ± 3.86

Stewart52 (2018) NR NR NR NR
Heitmann18

(2019)
7.3 ± 1.6 Total FU: 81.0 ± 15.5

CPN FU: 65.6 ± 26.3
� ULV FU: 31.3 ± 7.1
Without CPN or ULV FU:

85.6 ± 5.6

Total prior: 6 (3-8)
Total FU: 5 (1-7)
CPN prior: 5 (3-7)
CPN FU: 4 (1-6)
ULV prior: 4 (3-4) ULV FU:

2.5 (1-3)
Without CPN or ULV Prior:

6 (3-8)
Without CPN or ULV FU:

5 (3-7)

Total FU: 75.5 ± 14.5
9 (13%) grade A; 29 (42%) grade

B; 22 (32%) grade C; 9 (13%)
grade D

Kanakamedala26

(2020)
Control: 63.8 (0-306)

(n ¼ 12)
NR NR Control: 74.0 ± 19.6

Kilicoglu30 (2020) Collateral ligaments: <7
Cruciate ligaments: (21-

180)

Total: 80 (40-100)
KD-1: 75 (59-95)
KD-2: 64 (40-90)
KD-3: 88 (75-100)
KD-4: 78 (59-95)
KD-5: 75 (59-95)
ICNI: 68.40 ± 17.17 (40-

95)
ICVI: 77.69 ± 12.45 (59-

100)
W/oMVNI: 90.53 ± 5.97

(82-100)

NR Total: 72 (32-89)
KD-1: 70 (57-84)
KD-2: 58 (32-85)
KD-3: 79 (65-89)
KD-4: 70 (48-86)
KD-5: 70 (57-84)
ICNI: 60.60 ± 16.01 (32-84)
ICVI: 71.54 ± 9.20 (57-88)
W/oMVNI: 82.12 ± 5.25 (70-89)

Scheu48 (2020) NR NR NR NR

aCPN, common peroneal nerve subgroup; FU, follow-up; ICNI, isolated concomitant neural injury; ICVI, isolated concomitant vascular
injury; IKDC, International Knee Documentation Committee; KD, knee dislocation Schenck grade; NR, not reported; Pre, preoperatively;
Prior, prior to injury; ULV, ultra-low velocity subgroup; W/oMVNI, without major vascular or neural injury.

bGrade A, normal; grade B, nearly normal; grade C, abnormal; grade D, severely abnormal.
cInterquartile range.
dMedian.
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