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Abstract

Background: Approximately 60% of posterior cruciate ligament (PCL) injury
are associated with a posterolateral corner (PLC) tear.

Sources of data: We performed a systematic review of the literature accord-
ing to the PRISMA guidelines. The following key words were searched on
Medline, Cochrane, EMBASE, Google Scholar, and Ovid: ‘posterior cruciate
ligament’ or ‘PCL’ with ‘posterolateral corner’ or ‘PLC’ and ‘chronic’; ‘injury’;
‘management’; ‘reconstruction’; ‘outcomes’; ‘complications’.

Areas of agreement: There was a statistically significant improvement of all
clinical scores after surgery regardless of the procedure performed to
reconstruct both PCL and PLC.

Areas of controversy: No randomized control trials were identified on the
topic. Standardized methods of functional outcomes assessment are neces-
sary to improve communication on the functional results of the manage-
ment of PC-PLC.

Growing points: Single stage surgical reconstruction of PCL and PLC is
recommended in patients with posterolateral rotatory instability of the knee.

© The Author 2017. Published by Oxford University Press. All rights reserved. For permissions, please e-mail: journals.permissions@oup.com
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Areas timely for developing research: Adequately powered randomized
trials with appropriate subjective and objective outcome measures are

necessary to reach definitive conclusions.

Key words: posterior cruciate ligament, posterolateral corner, knee, surgery, outcomes, complications

Introduction

The management of combined posterior cruciate liga-
ment (PCL) posterolateral corner (PLC) injuries is a
major challenge, especially in young, high demand ath-
letic patients.

Approximately 60% of PCL injuries are asso-
ciated with tears of the PLC structures, including
the lateral collateral ligament (LCL), coronary liga-
ment, popliteo-fibular ligament (PFL), popliteus ten-
don (PT) and arcuate ligament."' Isolated lesions of
the PLC structures are uncommon and account for
1.6-8% of acute ligamentous knee injuries.”* The
anatomy of the PLC is complex, and the principal
contributors to the static stability of the knee are
the LCL, PFL and PT.*®

From a biomechanical viewpoint, in PCL-
deficient knees the rotational axis shifts towards the
posteromedial compartment at 90 degrees of flex-
ion. In patients with combined injury of PCL and
PLC (PC-PLC), this shift is greater, even at lower
degrees of knee flexion.”® Accordingly, patients
develop posterolateral rotatory instability (PLRI),
and inability to practice sport, and early femoroti-
bial and patellofemoral osteoarthritis.*”-*

When conservative management fails, PCL injur-
ies are managed with arthroscopic-assisted single
bundle reconstruction with autograft or allo-
graft,>”'” but several studies have reported excel-
lent results of the double-bundle technique.''~"* On
the other hand, different surgical options have been
described for the management of PLC tears. Non-
anatomical techniques were initially used.'*"!”
However, recent studies recommend anatomical
and isometric reconstruction of the PLC."#*!

The present systematic review reports the clinical
outcomes and complications of different surgical
procedures performed for the management of
chronic PC-PLC.

Materials and methods

We performed a systematic review of the literature
according to the PRISMA guidelines with a PRISMA
checklist (Fig. 1) and flow diagram (Fig. 2). Two inde-
pendent reviewers (S.P. and R.P.) conducted the search
separately. The search was performed on September
21, 2016. The following databases were screened:
Medline, Cochrane, EMBASE, Google Scholar and
Ovid. Only articles in English were included. The key
words used for the search were ‘posterior cruciate liga-
ment” or ‘PCL’ with ‘posterolateral corner’ or ‘PLC
and ‘chronic’; ‘injury’; ‘management’; ‘reconstruction’;
‘outcomes’; ‘complications’.

Inclusion and exclusion criteria are listed in
Table 1. Only articles published in peer review jour-
nals were considered. Articles were initially evaluated
by title and abstract. Full-text articles were obtained
if the abstract did not allow the investigators to assess
whether a given article could definitely be included or
excluded at this stage. Each abstract and article was
reviewed by two investigators separately, and a cross-
reference search of the selected articles was performed
to identify other relevant studies.

All articles reporting preoperative and post-
operative clinical outcomes, as well as complications
of single-stage surgical procedures performed for the
management of chronic PC-PLC, were included.

Statistical analysis

All the statistical evaluations were performed using
SPSS for Mac (IBM SPSS Statistics Desktop verion
22.0; Chicago-Illinois). The comparison between
preoperative and postoperative clinical scores was
performed using the Wilcoxon—-Mann-Whitney
test. P values lower than 0.05 were considered stat-
istically significant. The categorical variables were
reported as frequency with percentage. Continuous
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Section/topic Checklist item Reported
on page
#

TITLE

Title | 1 ‘ Identify the report as a systematic review, meta-analysis, or both. 1

ABSTRACT

Structured summary 2 Provide a structured summary including, as applicable: background; 3
objectives; data sources; study eligibility criteria, participants, and
interventions; study appraisal and synthesis methods; results; limitations;
conclusions and implications of key findings; systematic review registration
number.

INTRODUCTION

Rationale 3 Describe the rationale for the review in the context of what is already known. | 4

Objectives 4 | Provide an explicit statement of questions being addressed with reference to 4
participants, interventions, comparisons, outcomes, and study design
(PICOS).

METHODS

Protocol and 5 Indicate if a review protocol exists, if and where it can be accessed (e.g., Web | -

registration address), and, if available, provide registration information including
registration number.

Eligibility criteria 6 Specify study characteristics (e.g., PICOS, length of follow-up) and report 5
characteristics (e.g., years considered, language, publication status) used as
criteria for eligibility, giving rationale.

Information sources 7 Describe all information sources (e.g., databases with dates of coverage, 5
contact with study authors to identify additional studies) in the search and
date last searched.

Search 8 Present full electronic search strategy for at least one database, including any | 5
limits used, such that it could be repeated.

Study selection 9 State the process for selecting studies (i.e., screening, eligibility, included in | 5
systematic review, and, if applicable, included in the meta-analysis).

Data collection 10 | Describe method of data extraction from reports (e.g., piloted forms, 5

process independently, in duplicate) and any processes for obtaining and confirming
data from investigators.

Data items 11 | List and define all variables for which data were sought (e.g., PICOS, funding | 5
sources) and any assumptions and simplifications made.

Risk of bias in 12 | Describe methods used for assessing risk of bias of individual studies 5

individual studies (including specification of whether this was done at the study or outcome
level), and how this information is to be used in any data synthesis.

Summary measures 13 | State the principal summary measures (e.g., risk ratio, difference in means). 5

Synthesis of results 14 | Describe the methods of handling data and combining results of studies, if 5
done, including measures of consistency (e.g., 1) for each meta-analysis.

Risk of bias across 15 | Specify any assessment of risk of bias that may affect the cumulative 5

studies evidence (e.g., publication bias, selective reporting within studies).

Additional analyses 16 | Describe methods of additional analyses (e.g., sensitivity or subgroup 5
analyses, meta-regression), if done, indicating which were pre-specified.

Fig. 1 PRISMA checklist.
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Section/topic Checklist item Reported
on page
#
RESULTS
Study selection 17 | Give numbers of studies screened, assessed for eligibility, and included in the | Fig. 2
review, with reasons for exclusions at each stage, ideally with a flow diagram.
Study characteristics | 18 | For each study, present characteristics for which data were extracted (e.g., 6-8

study size, PICOS, follow-up period) and provide the citations.

Risk of bias within 19

Present data on risk of bias of each study and, if available, any outcome level | -

studies assessment (see item 12).
Results of individual | 20 | For all outcomes considered (benefits or harms), present, for each study: (a) 6-8
studies simple summary data for each intervention group (b) effect estimates and

confidence intervals, ideally with a forest plot.

Synthesis of results 21
measures of consistency.

Present results of each meta-analysis done, including confidence intervals and | -

Risk of bias across 22
studies

Present results of any assessment of risk of bias across studies (see Item 15). -

Additional analysis 23

Give results of additional analyses, if done (e.g., sensitivity or subgroup -
analyses, meta-regression [see Item 16]).

DISCUSSION

Summary of 24 | Summarize the main findings including the strength of evidence for each 9-11

evidence main outcome; consider their relevance to key groups (e.g., healthcare
providers, users, and policy makers).

Limitations 25 | Discuss limitations at study and outcome level (e.g., risk of bias), and at 11-12
review-level (e.g., incomplete retrieval of identified research, reporting bias).

Conclusions 26 | Provide a general interpretation of the results in the context of other evidence, | 12
and implications for future research.

FUNDING

Funding 27 | Describe sources of funding for the systematic review and other support (e.g., | -

supply of data); role of funders for the systematic review.

Fig. 1 Continued

variables data were reported as mean + standard
deviation and range as minimum and maximum
values. In all studies, P values less than 0.5 were

considered statistically significant.

Results

The literature search and cross-referencing identi-

22229 eligible for the present sys-

fied eight articles
tematic review. No randomized prospective control

trials were found.

Demographics

Overall, 259 knees in 259 patients with PC-PLC
injury were included. There were 210 (81%) male

and 49 (19%) female patients, a male/female ratio
of 4.2/1.

The mean age of the patients at the time of
surgery was 32.1 + 4.1 years (range 22-65
years). All patients had a chronic PC-PLC lesion
and underwent surgery at least one month after
the index trauma. The mechanism of injury was
reported in 189 patients (73%): it was road traf-
fic accident in 92 (48.6%) patients, contact sport
trauma in 57 (30.2%) patients and non-contact
sport trauma in other 40 (21.2%) patients. This
information was not reported in the remaining 70
(27%) patients. The mean follow-up period was
41.6 + 12.2 months (range 12-110 months) after
surgery.
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Fig. 2 PRISMA flow diagram.

Surgical procedures

PCL reconstruction

The PCL lesion was managed with arthroscopically-
assisted single-bundle anterolateral reconstruction with
an allograft in 82 (31.6%) patients,”>***>*” and with
an autograft in 112 (43.2%) patients.””° Another 19
(7.3%) patients received a double-bundle PCL recon-
struction with an allograft,”> and 21 (8.1%) patients
with an autograft.”®> In the remaining 25 (9.8%)
patients, the PCL lesion was managed with a modi-

fied endoscopic single-incision technique.”®*°

PLC reconstruction

The PLC lesion was managed with a reconstruction of
both LCL and PT with an allograft in 66 (25.4%)
patients.”** 108 (41.6%) patients were managed

_E Records identified through Additional records identified
® database searching through other sources
P (n=172) (n=18)
=
(]
S
— A v
Records after duplicates removed
(n=12)
o
£
=
[ A 4
L
P Records screened Records excluded
(n=176) (n=157)

\ 4
> Full-text articles assessed _| Full-text articles excluded,
= for eligibility > with reasons
2 (n=19) (n=11)
1
® Studies included in
° o }
3 qualitative synthesis
2 (n=8)

with Larson’s technique.”>*”*® Of these, 38 (35.2%)
received an allograft,”>*” and 70 (64.8%) an auto-
graft.”® A popliteal bypass associated with Larson’s
technique was performed in 21 (8.1%) patients.”
Albright’s technique with allograft and autograft was
used in 4 (1.4%) and 15 (5.7%) patients, respect-
ively,”” while 25 patients (9.8%) were treated with a
modified biceps rerouting technique.*® The remaining
20 (8%) patients where managed with the McGuire
and Wolchok technique. Of these, two (10%) received
an allograft, while 18 (90%) of them an autograft.*’

PC-PLC reconstruction

The PC-PLC was managed with arthroscopically-
assisted single-bundle anterolateral reconstruction
of the PCL associated with Larson’s technique in
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Table 1 Inclusion/exclusion criteria

Inclusion criteria
Databases

Source date/pubdate
Key words

Article’s language

Level of evidence
Diagnosis

Type of surgery
Outcomes assessment
Minimum follow-up time
Exclusion criteria

Type of study

Diagnosis

Management

Medline, EMBASE, Google Scholar and Ovid

September 21, 2016/2000-2016

‘Posterior cruciate ligament” or ‘PCL” with ‘posterolateral corner’ or ‘PLC’ and ‘chronic’; ‘injury’;
‘management’; ‘reconstruction’; ‘outcomes’; ‘complications’

English, French, Spanish, German, Italian

Oxford centre of EBM, Level I, IL, III, IV

PC-PLC

Combined reconstruction of both PCL and PLC in a single-stage procedure

Clinical: clinical questionnaires, clinical scores

12 months

Literature reviews, case reports, case series, conference abstracts, committee posters, studies
on animals, on cadavers, biomechanical reports, tumoral studies, technical notes,
letters to editors, instructional course.

No clinical assessment of the PC-PLC.

No description of the tests performed to assess the PC-PLC.

Conservative, non-operative management, operative management performed in two-stage

procedure.
Outcomes measures

No information on preoperative diagnosis, follow-up, preoperative clinical examination, clinical

postoperative outcomes, clinical scores, clinical questionnaires, statistical analysis of the

relative outcomes.

108 (41.6%) patients,>>*”*® while it was associated
with anatomical reconstruction of both LCL and
PT in 47 (18.1%) patients.”**! Arthroscopically-
assisted single-bundle anterolateral reconstruction
of the PCL associated with the Albright’s technique
or McGuire’s technique was performed in 19
(7.7%) and 20 (8%) patients, respectively.?’

Double-bundle PCL reconstruction was associated
with combined poplieteal bypass and Larson’s technique
in 21 (8.1%) patients.”> Another 19 (7.7%) patients
with PC-PLC were managed with double-bundle PCL
reconstruction associated with an anatomical reconstruc-
tion of both LCL and PT.”® The remaining 25 (8.8%)
patients were managed with a modified endoscopic sin-
gle incision single-bundle technique for the treatment of
the PCL lesion, associated with an anatomical recon-
struction of both LCL and PT.>**

Outcomes assessment

Clinical outcomes were assessed using the International
Knee Documentation Committee (IKDC) objective

score®? both preoperatively and postoperatively in
215 (83%) patients, and only postoperatively in 25
(9.6%) patients. The IKDC subjective score was
administered both preoperatively and postoperatively
in 115 patients (44.4%), while it was administered
only postoperatively in 58 (22.4%) patients. The
Orthopidishe Arbeitsgruppe Knie (OAK) score®® was
administered both preoperatively and postoperatively
in 109 (42.1%) patients.

The Lysholm score®® was used both preopera-
tively and postoperatively in 66 (25.5%) patients,
and only postoperatively in 25 (9.6%) patients. The
Tegner score®® was used both preoperatively and
postoperatively in 38 (14.7%) patients. The HHS
and VAS were administered postoperatively in 25
(9.6%) patients, respectively.*®

Clinical outcomes

A statistically significant improvement of all clinical
scores was found comparing the preoperative with
the postoperative value (Table 2).
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Table 2 Outcome scores
Outcome score n (%) patients Preoperative Postoperative P value
IKDC objective score>? 215 (83%)

Grade A 0(0%) 69 (32%)

Grade B 0 (0%) 110 (51%)

Grade C 109 (51%) 32 (15%)

Grade D 106 (49%) 4(2%)
IKDC subjective score>? 115 (44.4%) 482+ 7.8 78.5+8.5 <0.05
OAK score®? 109 (42.1%) 63.4+0.9 89.1+14 <0.05
Lysholm score®* 66 (25.5%) 547 +9.1 832+ 4.9 <0.05
Tegner score®* 38 (14.7%) 2.3+04 62+0.3 <0.05

IKDC: International Knee Documentation Committee; OAK: Orthopidishe Arbeitsgruppe Knie score.

According to the preoperative IKDC objective
score, 109 (51%) and 106 (49%) patients were
classified as Grade C and Grade D, respectively.
According to the postoperative IKDC objective
score, 69 (32%) patients were Grade A, 110 (51%)
were Grade B, 32 (15%) patients were Grade C,
and four (2%) patients were Grade D.

Complications

Complications were reported in all studies. Overall,
19 (7.3%) patients developed a complication. The
different types of complications and their manage-
ment are listed in Table 3.

Discussion

Single state surgical reconstruction of chronic PC-
PLC injuries is safe and effective to manage PLRI of
the knee. A high percentage of satisfactory out-
comes, good knee stability and a low complication
rate were reported in the literature. Regardless of
the procedure performed to reconstruct simultan-
eously both PCL and PLC lesions, there was a stat-
istically significant improvement of all clinical
scores when comparing the preoperative with the
postoperative value. According to postoperative
IKDC subjective score, 32% patients had Grade A,
51% had Grade B, 15% patients had Grade C and
2% patients had Grade D. Complications were
found in 7.3% of patients. The most frequent was

Table 3 Complications and treatment

n (%) Complication Management

patients

9 (3.5%) Uncomfortable tibial Tibial screw removal
screw

3(1.3%) Cortical breakage of the Not necessary
fibular head

2 (0.7%) Peroneal nerve palsy Spontaneous recovery

2 (0.7%) Postoperative stifness Manipulation under

anaesthesia
2 (0.7%) Superficial infection Antibiotic theraphy
1(0.4%) Biceps tendon rupture Reconstruction with

allograft

intolerance to the tibial fixation screw, easily
resolved with its removal.

The PCL prevents posterior translation of the
tibia, while the PLC is the most important restraint
to varus stress, acting also as a secondary restraint
to posterior tibial translation on the lateral tibiofe-
moral compartment.®> Moreover, the PCL and PLC
are the main restraints to external rotation of the
tibia: the PLC is the primary restraint at low flexion
angles, while both the PCL and PLC are the main
restraints at high flexion angles.*®*” In PLC lesions,
the PCL is placed under high loading conditions,
and it is thus more prone to injury.*®

Despite its synovial coverage and high potential
for spontaneous healing,*” surgery should be con-
sidered in patients with Grade II and II PCL
lesions.*® Arthroscopically assisted single bundle PCL
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reconstruction provides excellent results. Tensioning
of the remnant fibres and augmentation of the
anterolateral bundle of PCL improve knee stability.*!
The mechanoreceptors in PCL-injured knees act as
knee stabilizers.*' Accordingly, if the remnant of the
PCL is tensioned surgically, there would be an
advantage of preserving the proprioceptive function
of the ligaments mechanoreceptor.

Double-bundle PCL reconstruction better restores
the normal biomechanics of the knee when com-
pared with single-bundle procedure.*”** On the
other hand, other studies reported no differences
between double-bundle and single-bundle grafts
using a transtibial technique or an inlay technique in
PCL reconstruction.*> The anterolateral bundle of
the PCL is taut in knee flexion, and slackens close to
full extension of the knee. On the other hand, the
posteromedial bundle of the PCL is normally taut in
knee extension.*® Therefore, insufficiency of the pos-
teromedial bundle of PCL could result in knee
instability near extension.*® However, all these stud-
ies did not evaluate PLC deficiency. Biomechanically,
single-bundle PCL reconstruction associated with
Larson’s technique is effective to manage PLRI*
Double-bundle PCL reconstruction combined with
posterolateral corner reconstruction did not show
advantages over single-bundle PCL reconstruction in
terms of clinical outcomes and knee stability.>®

At present, anatomic isometric reconstruction of
the PLC is recommended. The first reports on PLC
reconstructions were on non-anatomical proce-
dures. Clancy and Sutherland described the biceps
femoris tendon tenodesis,”” whereby the tendon of
biceps femoris was tenodesed to the lateral femoral
epicondyle and fixed with screws. Of 39 patients
with PC-PLC injury, 77% returned to activity with
no limitations, and 54% returned to preinjury level
of sports practice. However, their technique does
not reproduce the PFL and PT, which are funda-
mental stabilizers of the knee.

In the posterolateral sling procedure,*® the cen-
tral slip of the iliotibial band or an Achilles tendon
allograft is passed through a tibial tunnel, and fixed
on the femur near the LCL insertion. Complete
resolution of PLRI was reported in 87% of patients,
although this technique did not reconstruct the LCL

and PFL. The reconstruction of LCL and PT asso-
ciated with arcuate advancement was proposed by
Noyes and Barber-Westin.*’ They had 76% of
good to excellent functional results and 10% of fail-
ure rate at 42 months of follow-up. Arciero et al.’°
reconstructed PFL, LCL and popliteal complex
using two separate limbs of the soft tissue graft.
They used this technique in 14 patients with PC-
PLC or combined injury of the anterior cruciate
ligament and PLC, reporting complete restoration
of varus stability and decreased abnormal external
rotation of the tibia in all their patients.

When considering the results of the present
study, good to excellent clinical outcomes were
found in 83% of patients who underwent PCL and
PLC reconstruction in a single-stage surgery.
Khanduja et al?*” and Zorzi et al.** found that
single-bundle PCL reconstruction combined with
Larson’s technique provided excellent clinical out-
comes, but did not restore the normal laxity of the
knee. Both studies reported abnormalities in range
of motion, posterior drawer and rotational laxity of

1% used a similar technique

the knee. Lee et a
reporting excellent results and decreased posterior
laxity. Wajsfisz et al.*® performed a double-bundle
PCL reconstruction associated with popliteal bypass
and Larson’s technique in 21 patients. They found
a significant improvement of clinical and radio-
graphic results after surgery. However, rotational
stability and subjective results were not improved
after surgery. Furthermore, all patients recoverd
sufficient function of the knee for daily life activ-
ities, but not for sports practice.

Kim et al”* compared the clinical outcomes of
PLC surgery using anatomical reconstruction of both
LCL and PT with or without simultaneous PCL
reconstruction in PCL injuries with mild posterior
translation. They found a statistically significant
improvement on posterior stress radiography, IKDC
subjective score and IKDC objective score in patients
underwent combined PCL and PLC surgery.

The major strength of the present systematic
review is that it was performed according to PRISMA
guidelines. Therefore, the risk of selection bias and
data extraction errors is substantially reduced.
Another important strength is that all studies were
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screened in a blind fashion by two independent
reviewers who extracted all the relevant data from the
articles. Moreover, the strict inclusion and exclusion
criteria of the present systematic review allowed us to
evaluate only studies conducted in a strict scientific
fashion, reporting preoperative and postoperative
clinical outcomes of chronic PC-PLC.

The main limitation of our study is represented
by the lack of Level I studies included in our analysis.
This prevented us from performing a metanalysis.
We decided to combine the results from all the eight
studies to have a better insight in the clinical out-
comes of PC-PLC. However, we are aware that the
included studies have marked difference in the levels
of evidence. Secondly, the results that we report
should be considered with caution, taking into
account the nature of the present study. Thirdly, we
have included in the qualitative synthesis only infor-
mation about outcome scores and complications,
without considering functional results. However, we
found a lack of homogeneity to evaluate this infor-
mation in the selected studies, and it was not possible
to statistically compare the different results. Finally,
we identified only eight studies reporting the out-
come of combined PCL-PLC injuries in 259 patients
(259 knees). Therefore, this sample of patients is not
sufficient to consider our results as univocal.

In conclusion, single stage surgical reconstruction
of PCL and PLC is recommended in patients with
PC-PLC to tackle PLRI of the knee. Regardless of
the surgical procedure used to reconstruct both PCL
and PLC, good and excellent clinical outcomes were
reported in 32% and 52% patients, respectively.
However, surgery did not restore normal laxity of
the affected knee, especially regarding range of
motion, posterior drawer and rotational laxity.

Level I studies are necessary to understand which
is the best treatment option for the management of
chronic PC-PLC, and standardized methods of
functional outcomes assessment are necessary to
improve the knowledge about functional results of
single-stage PCL and PLC reconstruction.
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