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Abstract 
Background: A paucity of data exists regarding the comparison of outcome scores following multiple ligament knee injury (MLKI) 

reconstruction/repair methods.

Purpose: The purpose of this study was to conduct a systematic review of the literature on patient outcomes following reconstruction and/or 
repair of the MLKI.

Study Design: Systematic review of level IV studies

Methods: This review study was conducted in accordance with the Preferred Reporting Items for Systematic Review and Meta-Analysis 
(PRISMA) statement. Pubmed and Cochrane were analyzed using the following search strategy: “(((multi ligament knee injury) OR multiple ligament 
knee injury) AND reconstruction) AND repair”. Inclusion criteria for articles were as follows: 1) human subjects 2) follow up of at least mean 12 
months 3) outcome studies following surgical ligament reconstruction and/or repair after multiple ligament knee injury 4) reported objective 
outcome data on respective patient cohorts. The exclusion criteria included: case reports, technique papers, and articles without paired pre and 
post-operative objective findings.

Result: 109 studies were initially retrieved, with 7 satisfying all inclusion criteria. The review included a total of 183 patients; 126 males and 
57 females. The average age was 36.3 (29.6-45.3). The 7 studies included ligamentous reconstruction, repair and reconstruction/repair techniques 
via a one-stage and two-staged method. The weighted mean Lysholm scores significantly improved from 30.3 +/- 4.2 preoperatively to 86.2 +/- 5.6 
post-operatively (paired t-test; p<0.001).

Conclusion: A review of the current literature concludes that surgical ligamentous repair and/or reconstruction of the MLKI yields a significant 
improvement from pre-operative to post-operative Lysholm scores. This suggests that surgical intervention provides benefit to patients in this 
population. Other outcome scores have insufficient data to conduct a statistical analysis. 

Key Terms: Multiple ligament knee injury; Multiple knee ligament reconstruction; Multiple knee ligament repair; Knee ligament 

Abbreviations:  MLKI-multiple-ligament knee injury

Introduction
A multiple-ligament knee injury (MLKI) is a devastating injury 

most commonly due to an acute knee dislocation [1-3]. This 
high energy injury leads to disruption of the major stabilizing 
ligaments.  Sequela of these injuries included compromised  

 
knee stability and pain [4]. The goal of surgical intervention is 
to restore the ligamentous stability of the knee by either repair, 
reconstruction, or a combination of both reconstruction and repair. 
The incidence of knee dislocations has been reported in 0.072% 

http://dx.doi.org/10.33552/GJOR.2021.03.000559
https://irispublishers.com/index.php
https://irispublishers.com/gjor/


Global Journal of Orthopedics Research                                                                                                                          Volume 3-Issue 2

Citation: David S Constantinescu, Eric Curtis, James R Satalich, Alexander R Vap. Reconstruction and/or Repair of The Multi-Ligament Knee 
Injury: A Systematic Review. Glob J Ortho Res. 3(2): 2021. GJOR.MS.ID.000559. DOI: 10.33552/GJOR.2021.03.000559.

Page 2 of 6

of all musculoskeletal trauma [5].  Although not common, they are 
a devastating injury. As such, limited research exists quantifying 
outcomes as a result of surgical repair.

The purpose of this study was to systematically review 
reported knee outcome measures among MLKI reconstructions 
and/or repairs that specifically compared pre-operative and post-
operative scores. Furthermore, the surgical technique and number 
of surgeries performed was categorized in an attempt to observe 
any difference in outcomes. This included comparing whether 
ligamentous tissue was reconstructed, repaired or both as well as 
comparing whether the procedures were done in one stage vs two 
stage. The hypothesis was that MLKI reconstruction and/or repair 
would result in statistically significant improvement in outcome 
scores. 

Materials and Methods

Article identification and selection

This study was conducted in accordance with the 2009 
Preferred Reporting Items for Systematic Review and Meta-
Analysis (PRISMA) statement. A systematic review of the literature 
regarding the existing evidence for MLKI reconstruction and/or 
repair outcomes was performed using the Cochrane Database of 
Systematic Reviews, the Cochrane Central Register of Controlled 
Trials, PubMed (1980-present), and MEDLINE (1980-present). The 
queries were performed in May 2018. 

The literature search strategy included the following search: 
“(((multi ligament knee injury) OR multiple ligament knee injury) 
AND reconstruction) AND repair”. Inclusion criteria for articles 
were as follows: 

• Human subjects.

• Follow up of at least mean 12 months.

• Outcome studies following surgical ligament 
reconstruction and/or repair after multiple ligament knee 
injury.

• Reported objective outcome data on respective patient 
cohorts. The exclusion criteria included: case reports, technique 
papers, and articles without paired pre and post-operative 
objective findings. 

All references within included studies were cross-referenced 
for inclusion if missed by the initial search. If a duplicate study 
population was encountered, the manuscript with the longer 
mean follow-up was included to avoid overlap. Two investigators 
independently reviewed the abstracts from all identified articles. 
Full-text articles were obtained for review if necessary, to allow 
further assessment of inclusion and exclusion criteria. Additionally, 
all references from the included studies were reviewed and 
reconciled to verify that no relevant articles were missing from the 

systematic review.

Bias 

Studies classified as level of 4 can potentially be affected 
by selection and performance bias because of the lack of 
randomization and prospective comparative control groups 
especially in populations characterized by heterogeneity of injuries. 
Selected studies were reviewed for potential bias while recognizing 
the constraints present with such studies. Due to the anticipated 
heterogeneity, the results were presented individually. As such, 
a meta-analysis was contra-indicated. Reported outcome scores 
for the knee include Lysholm, International Knee Documentation 
Committee (IKDC), Tegner, or Visual Analogue Scale (VAS). In our 
review, the only outcome score that was consistently reported 
was Lysholm. In an attempt to quantitatively synthesize data, only 
studies using the same outcome score (Lysholm) with included 
preoperative and postoperative scores and standard deviations 
were used.

Data Collection

The information was collected from the included studies. 
Patient demographics, follow-up, and objective outcomes were 
extracted and recorded. For continuous variables (eg, age, timing, 
follow-up, outcome scores), the mean was collected if reported. 
Data were recorded into a custom Microsoft Excel spreadsheet 
(Microsoft Corp) using a modified information extraction table.  

Result

Study selection

The systematic search performed using the above-mentioned 
keywords and phrases identified seven studies, after removing 
duplicates and applying exclusion criteria (cite included studies). 
One hundred and nine studies were initially retrieved, with 7 
satisfying all inclusion criteria [7-12]. There were no additional 
articles from the Cochrane database. Each article was first screened 
by title leaving 32 articles. Excluded via title screen were articles 
that did not include reconstruction and/or repair after multi-
ligament injury. The remaining articles were then screened by 
abstract and if necessary, full text, yielding seven articles that were 
included in the review. All seven studies included were case series 
that included pre/post-operative Lysholm scores with a standard 
deviation. (Figure 1) is a PRISMA flowchart that demonstrates 
selection criteria of the systematic review. Following review of all 
references from the included studies, no additional studies met 
inclusion criteria.

Demographics

The review included a total of 183 patients; 126 males and 57 
females. The average age was 36.3 (29.6-45.3). The mean follow up 
was 30.8 months (14-50.9). Demographics of each included study 
are reported in Table 1.
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Injured tissues, surgical techniques and outcomes

Injured knee ligaments were specified and are detailed in 
Table 2. The 7 studies included ligamentous reconstruction, repair 
and reconstruction/repair techniques via a one-stage and staged 
method. Sun et al reported separate outcomes among 3 different 
cohorts (1 stage reconstruction, 2 stage reconstruction, repair) 
and was therefore included as 3 different cohorts in (Table 2) [12]. 
When breaking up Sun et al study, a total of nine cohorts of data 
were identified. One of nine cohorts used only reconstruction [6], 
7 of nine cohorts used a combination of reconstruction and repair 
[7-12], and one of nine cohorts used only repair [12]. Seven of nine 
cohorts used a one stage surgical approach where reconstruction 
and repair was performed during the same procedure [6-9,11,12]. 
Two of nine cohorts used a two-stage surgical approach where 
anterior cruciate ligament (ACL) and posterior cruciate ligament 
(PCL) were reconstructed during a second surgery [10,12]. 
Lysholm outcome scoring was reported by all studies and included 
pre-operative and post-operative standard deviations. Post-
operative Lysholm scores from all studies were at the last date of 
follow up. Pre-operative weighted mean Lysholm Score among all 
included studies was 30.3 +/- 4.2. Post-operative weighted mean 
Lysholm Score was 86.2 +/- 5.6. These results indicate a statistically 
significant improvement in Lysholm scores after multi-ligament 
reconstruction and/or repair (Paired t-test; p<0.001).

Complications and revision surgery

No complications as a result of surgery were able to be 
ascertained. However, Xu et al noted that nine of 26 patients 
required a second surgery for a missed diagnosis of PCL injury 
(11).6.5

Level of evidence

Overall, the current level of evidence on outcomes after multi 
ligament reconstruction and/or repair tears in the MLKI is poor. Of 
the 7 studies analyzed, all were case series and as such would be 
considered level IV evidence.

Discussion
The most important finding of this study is that MLKI 

reconstruction and/or repair yields improvement in Lysholm 
outcome scoring. Surgical intervention to regain knee stability has 
potential risks. However, this study demonstrates that functional 
outcomes measured by Lysholm scoring improve following 
surgery. The management of MLKI remains controversial [1-3]. 
Certain concomitant injuries such as open dislocations, irreducible 
dislocations, and neurovascular compromise necessitate operative 
treatment. Operative treatment for the dislocated knee has been 
suggested to have superior outcomes compared to non-operative 
treatment [13]. However, non-operative management may be 
indicated in patients with minimal injury and sedentary lifestyle 
[14]. There exists great variation among the extent of ligaments 

damaged upon initial injury. For this reason, our review’s inclusion 
criteria necessitated a comparison of pre-operative to post-
operative scoring. Based upon the weighted mean improvement of 
Lysholm scoring from 30.3 to 86.2 it appears that patients are able 
to obtain near normal restoration of functional outcomes [15].

A further topic of controversy exists whether to reconstruct or 
repair damaged tissues in the MLKI. In our review, reconstruction 
typically occurred for the ACL and PCL while repair occurred for 
medial collateral ligament (MCL), lateral collateral ligament (LCL), 
posteromedial complex (PMC), posterolateral complex (PLC). One 
cohort Sun L, et al. [12] used repair only technique and this did not 
appear to have an inferior result in improvement of post-operative 
Lysholm score. Certain structures such as the posterolateral corner 
may be amenable to reconstruction vs repair [16].

The timing of surgical repair may be a factor in optimizing 
outcomes in the MLKI. Barring extensive soft-tissue loss or life/
limb-threatening injury, delay in surgery or two stage surgery 
may be appropriate. Two of the cohorts included in this review 
opted for two stage reconstruction [10,12]. Lai et al repaired 
MCL, PLC and meniscus during the first operation followed by a 
second operation 3-6 months later where the ACL and PCL were 
reconstructed arthroscopically [10]. The reason for delay in 
surgery was to restore normal level of knee range of motion. The 
two-staged cohort by Sun et al consisted of PMC or PLC repair 
during an initial surgery followed by a second stage of operation 
8-10 weeks later during which ACL and PCL were reconstructed 
arthroscopically [12]. Interestingly, the cohort within Sun et. al s 
study consisting solely of extra-articular ligamentous repair did 
not have a statistically significant difference in Lysholm outcomes 
scores in comparison with the reconstructive groups. This finding 
suggests the importance of establishing extra-articular stability by 
means of LCL, MCL, PMC, PLC repair.

Treatment in the acute phase (within 2 weeks of injury) leads 
to improved functional outcomes compared to delayed surgery 
[17-20]. In our review, 3 studies acknowledged an operative 
intervention within the acute phase (6-8). Interestingly, Xu et al 
noted a time of 1.2 months to operation and was found to have 
the lowest post-operative Lysholm scores compared to the other 
cohorts [11]. It is unreasonable to find a universally suitable 
treatment algorithm that can encompasses all patients. Instead, 
management should occur according to surgeon-patient discussion 
and concomitant injury [21]. Additionally, rehabilitation protocol in 
the MLKI is another important factor that must be personalized to 
each patient and will allow for full recovery potential [22,23].

An important limitation of this study was the level of evidence of 
the included studies. All were case series consisting of retrospective 
reviews of an unmatched cohort of patients. Subsequently, it is 
difficult to give definitive quantification of improvements following 
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knee dislocation injuries. Furthermore, while an original aim was 
to subdivide surgical methods and stages, insufficient data exists 
to provide a numerical comparison. However, based upon available 

literature, this manuscript is able to provide reasonable analysis 
of the improvements in functional outcome scores following MLKI 
reconstruction and/or repair (Table 1 &2), (Figure 1 & 2).

Figure 1: PRISMA flow diagram. Search and selection criteria for systematic review of multi-ligament knee reconstruction outcomes.

Figure 2 : Forest plot of post-operative Lysholm scores as well as pre-operative and post-operative weight mean Lysholm scores.
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Table 1: Study design and patient demographics of included multi-ligament knee reconstruction studies. NR = not reported.

Study Level of Evidence Study Design Patients Mean Age (years) Male: Female Mean Follow-up (months)

Qiu et al. [6] NR Case series 48 35.6 38:10:00 18.2

Chen et al. [7] NR Case series 14 41 10:04 14

Jiang et al. [8] NR Case series 25 29.6 16:09 50.9

Duan et al. [9] NR Case series 24 42 19:05 25

Lai et al. [10] NR Case series 14 31.8 8:06 48.9

Xu et al. [11] NR Case series 26 40.7 17:09 19.2

Sun et al. [12] NR Case series 12 31.5 8:04 34

Sun et al. [12] NR Case series 11 29.5 7:04 36.9

Sun et al. [12] NR Case series 9 45.3 3:06 33

Table 2: Tissue pathology, surgical treatment methods and outcome scores of multi-ligament knee reconstruction studies.  ACL = anterior cruciate 
ligament, PCL = posterior cruciate ligament, MCL = medial collateral ligament, LCL = lateral collateral ligament, PLC = posterior lateral corner, PMC 

= posterior medial complex.

Study Tissue damaged Reconstruction/
repair Stage Reconstructive 

tissue used

Time from 
injury to hos-
pitalization

Lysholm (Be-
fore/After) IKDC

Qiu et al. 
[6]

ACL, PCL, MCL, 
PLC Reconstruction One staged Allogenic tendon 2 days – 2 

weeks 40.3/87 NR

Chen et al. 
[7]

ACL, PCL, MCL, 
dislocated knee, 

meniscus

Reconstruction: 
ACL, PCL. Repair: 

MCL.
One staged

Allogenic tendon: 
2. Autologous 

tendon: 12 ham-
strings

1 - 4 days 17/89.93 20.93/88.93

Jiang et al. 
[8]

ACL, PCL, MCL, 
PLC, medial 

meniscus, lateral 
meniscus

Reconstruction: 
ACL, PCL, PLC. 
Repair: MCL

One staged

Autologous 
and allogeneic 
(numbers not 

reported)

8 - 14 days 37.92/87.84 NR

Duan et al. 
[9]

ACL, PCL, MCL, 
LCL, medial 

meniscus, lateral 
meniscus

Reconstruction: 
ACL, PCL. Repair: 

MCL, LCL.
One staged NR NR 41.8/87 NR

Lai et al. 
[10]

ACL, PCL, MCL, 
PLC, medial 

meniscus, lateral 
meniscus.

Reconstruction: 
ACL/PCL. Repair: 

MCL, PLC, meniscus

2 staged: MCL, 
PLC and meniscus 
during first stage. 
ACL/PCL during 

second stage

NR NR 19.6/87.1 NR

Xu et al. 
[11]

ACL, PCL, MCL, 
LCL, exterior/inte-
rior complex knee 

injuries

Reconstruction: 
ACL, PCL. Repair: 

MCL, LCL
One staged

Autologous 
and allogeneic 
(numbers not 

reported)

1.2 months to 
operation 42.5/78.1 NR

Sun et al. 
[12]

ACL, PCL, PMC, 
PLC

Reconstruction: 
ACL, PCL. Repair: 

PMC, PLC.
One staged

Hamstring auto-
graft in 9 patients. 
Achilles allograft 

in 3.

NR 1.5/91.1 NR

Sun et al. 
[12]

ACL, PCL, PMC, 
PLC

Reconstruction: 
ACL, PCL, PLC. 

Repair: PMC, PLC 
reattachment

Two staged. First 
stage: PMC repair, 
PLC reattachment, 

PLC reconstruc-
tion. Second stage: 

ACL and/or PCL 
reconstruction

Hamstring auto-
graft in 8. Bone 
patellar tendon 

bone in 1, Achilles 
allograft in 2. 

NR 1.1/86.3 NR

Sun et al. 
[12]

ACL, PCL, PMC, 
PLC

Repair: PMC repair, 
PLC reattachment One staged NR NR 1.3/84.7 NR

Conclusions
A review of the current literature concludes that surgical 

ligamentous repair and/or reconstruction of the MLKI yields a 

significant improvement from pre-operative to post-operative 
Lysholm scores. This suggests that surgical intervention provides 
benefit to patients in this population. Other outcome scores have 
insufficient data to conduct a statistical analysis. 
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