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Abstract

Purpose The aim of this study was to compare outcome data after isolated and combined (MCL) plus anterior cruciate
ligament (ACL) reconstruction based on objective and subjective measures using data from the (DKRR). There are only a
few small-sized case studies on outcomes after MCL reconstruction. MCL reconstruction was hypothesised to improve both
objective and subjective outcomes.

Methods All patients who were registered in the DKRR between 2005 and 2016 (N=25,281) and who underwent isolated
ACL (n=24,683), isolated MCL (n=103) or combined MCL plus ACL (n=495) reconstructions were retrospectively
identified. Objective (valgus knee stability and sagittal knee laxity) and subjective (Knee Injury and Osteoarthritis Outcome
Score (KOOS) and Tegner activity scale score) outcomes in these three cohorts were evaluated at the 1-year follow-up by
comparing pre- and post-operative values.

Results Medial stability improved significantly pre- to post-operatively after both isolated MCL and combined MCL plus
ACL reconstruction, with 26 (53%) and 195 (69%) of the patients, respectively, having normal valgus stability (0—2 mm
laxity). Sagittal stability was similar after MCL plus ACL reconstruction and isolated ACL reconstruction (1.7 and 1.5 mm,
respectively). At the 1-year follow-up, although the KOOS of the patients in the isolated MCL and combined MCL plus ACL
reconstruction cohorts improved significantly, they were lower than those of the patients in the isolated ACL reconstruction
cohort.

Conclusion Both isolated MCL reconstruction and combined MCL plus ACL reconstruction resulted in significant and
clinically relevant improvements in the subjective outcomes from pre-operative conditions to the 1-year follow-up. Valgus
stability also improved significantly, with two-thirds of patients obtaining normal valgus stability after MCL reconstruction.
Subjective outcomes were similar between isolated MCL reconstruction and combined MCL plus ACL reconstructions, but
were poorer than isolated ACL reconstructions.

Level of evidence Level 111
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Introduction

The medial collateral ligament (MCL) is one of the most
commonly injured knee structures, and an anterior cruciate
ligament (ACL) injury is the ligament injury most frequently
accompanying an MCL injury [23, 30, 39]. According to
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the American Medical Association classification [2], MCL
injuries can be divided into three categories (grades I-III)
according to the level of medial structural injury and valgus
laxity. Grade III MCL injuries often present in combination
with ACL tears [1, 31]. A recent epidemiological study on
knee injuries among 17,397 patients with 19,530 sports-
related injuries over a 10-year period found 7.9% of isolated
MCL lesions [23].

Isolated MCL injuries are common in young males
playing sports that involve contact (e.g., football, judo,
skiing, wrestling, and hockey) [23]. Valgus stress is the
most common mechanism of injury [30], and most injuries
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result from direct contact or cutting manoeuvres with the
foot planted on the ground [33].

The treatment options for isolated MCL injuries range
from non-operative to surgical reconstruction. Most MCL
injuries are treated conservatively due to the excellent
healing capacity of the MCL and good clinical outcomes
with non-operative treatments [3, 6, 9]. However, more
severe grade III injuries involving both the superficial and
deep MCL fibres and the posterior oblique ligament may
result in chronic valgus instability [14]. Although several
surgical techniques for the treatment of chronic valgus
instability have been described [4, 18, 20, 28], no single
method of isolated MCL reconstruction has yet proven to
be superior [16, 38].

Current studies on the management of combined ACL
and MCL injuries include results on ACL surgery alone,
MCL surgery alone, non-operative treatment only or a
combination of these approaches [5, 8, 29, 35]. Recent
systematic reviews have found no clear consensus on the
optimal method to treat an MCL injury in combination
with an ACL injury [12, 29]. Yoshiya et al. [40] investi-
gated outcomes after combined ACL and MCL reconstruc-
tions and found normal or near-normal knee function and
medial stability in 88% of patients. Another case series
demonstrated satisfactory results in a 2-year follow-up
on isolated ACL reconstruction in combination with con-
servative MCL treatment for grade II and III injuries [26].
The same study reported a mean Lysholm score of 94.5,
an ACL stability side-to-side difference of 2.3 mm and
no valgus or rotational instability at follow-up. Nakamura
et al. [31] compared MCL reconstruction versus conserva-
tive MCL treatment in combination with ACL knee inju-
ries and found no between-group differences in subjective
or objective (valgus laxity) outcomes.

The vast majority of the current orthopaedic literature on
outcomes of isolated MCL and combined MCL and ACL
lesions is based on isolated case series of surgical or non-
operative treatment. Studies with outcome data from large
cohorts with prospective data collection would potentially
provide more representative outcome data. National reg-
isters from Scandinavian countries [11, 21, 27] and large
cohort studies from other countries [7, 24, 25] provide such
data. The Danish Knee Ligament Reconstruction Registry
(DKRR) includes a large volume of outcome data on patients
who underwent surgical treatment for knee ligament injuries,
including collateral ligament injuries.

The aim of this study was to compare objective and sub-
jective outcomes after isolated MCL reconstruction, com-
bined MCL plus ACL reconstruction and isolated ACL
reconstruction in a large DKRR cohort representative of the
general surgical population. The hypothesis was that MCL
reconstruction would improve objective (valgus knee sta-
bility) and subjective clinical outcomes, and that combined
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MCL plus ACL reconstruction outcomes would be inferior
to those of isolated ACL reconstruction.

Materials and methods

The DKRR is a nationwide, prospective web-based clini-
cal quality database established in 2005 [21]. The registry
contains data on primary and revision anterior and posterior
cruciate ligament reconstructions, as well as collateral liga-
ment and multi-ligament reconstruction. The register does
not contain data on ligament injuries treated conservatively.
Data collection is compulsory by Danish legislation, and
data is prospectively collected pre-operatively, intra-oper-
atively and 1-year post-surgery by the operating surgeon in
both public (n=30) and private (n=33) hospitals. As of
2016, 30,726 procedures had been registered, and 93.9% of
these had been entered in the registry. This percentage corre-
sponds to the registration completeness, which is determined
by correlating the registry data with data from the Danish
National Patient Registry. Furthermore, patients indepen-
dently report on subjective knee function before surgery and
1 year after surgery using self-assessment questionnaires:
the Knee Injury and Osteoarthritis Outcome Score (KOOS)
[34] and the Tegner activity scale [36]. In terms of regis-
tration completeness, in 2016, an average of 33% and 18%
of patients reported data pre-operatively and at the 1-year
follow-up, respectively.

All patients who were registered in the DKRR between
2005 and 2016 and who had undergone isolated ACL, iso-
lated MCL or combined MCL plus ACL reconstructions
were retrospectively identified (N =25,281). Of these cases,
24,683 (97.6%) were isolated ACL reconstructions, 103
(0.4%) were isolated MCL reconstructions and 495 (2.0%)
were combined MCL and ACL reconstructions.

The epidemiological characteristics of the three patient
cohorts are shown in Table 1. Table 1 also provides informa-
tion on the number of meniscus lesions found and managed
at surgery, in addition to the number of cartilage lesions
greater than International Cartilage Research Society grade
2 found at surgery. In Denmark, the indication for MCL
reconstruction is generally chronic medial instability or
medial instability after failed conservative treatment of MCL
lesions. Therefore, the data do not include surgical treat-
ment performed for acute medial lesions. Such treatment is
performed only in very rare cases in Denmark.

Outcomes

The subjective outcomes were based on the KOOS [10] and
the Tegner activity scale score [37]. The KOOS4 denoted the
average KOOS for the four most responsive sub-scores [10].
Valgus knee stability and sagittal laxity (objective measures)
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Table 1 Baseline patient characteristics
Isolated ACL injury n (%) Isolated MCL injury n (%) Combined ACL+MCL P value
injury n (%)
Number of patients 24,683 103 495
Patient characteristics
Male 14,987 (61) 68 (66) 345 (70) <0.05%
Female 9696 (39) 35(34) 150 (30)
Age, years (mean SD) 28.3 (range 7-74) 37.5 (range 16-67) 33.2 (range 14-74) <0.05¢

Trauma mechanism

ADL 1939 (8) 21 (21) 80 (16)
Traffic accidents 754 (3) 25 (25) 71 (14)
Pivot sports 14,632 (59.4) 21 (21) 165 (30)
Skiing/snowboarding 3072 (12) 8(8) 102 (21)
Others 4230 (17) 27 (26) 75 (15)
Concomitant injuries

Meniscus tear 10,594 (43%) 17 (17%) 192 (39%)
Cartilage damage 16 (16%) 3232 (13%) 68 (14%)

ACL anterior cruciate ligament, MCL medial cruciate ligament, ADL activities of daily living

#Significant difference between isolated ACL injuries and isolated MCL injuries

bSignificant difference between isolated MCL injuries and combined ACL and MCL injuries

“Significant difference between isolated ACL injuries and combined ACL and MCL injuries

were determined using the evaluation scoring system of the
International Knee Documentation Committee (IKDC) and a
KT1000 arthrometer, respectively. In terms of the subjective
outcomes, the criterion for success was a score of >44 on the
quality of life (QoL) subscale of the KOOS.

This study was approved by the Danish Board of Health
and the Danish Data Protection Agency (approval no.: 1-16-
02-46-18). National clinical registry studies do not require
local ethical committee approval in Denmark.

Statistics

Differences among the pre-operative baseline data and dif-
ferences among the post-operative 1-year follow-up data
were calculated using the Student’s ¢ test and a y° test.

Results
Epidemiology

Age and sex were comparable in the three cohorts, with no
statistical differences, except for a minor difference in the
number of males. In the study, males accounted for 61, 66,
and 70% of isolated ACL, isolated MCL and combined MCL
plus ACL reconstructions, respectively (Table 1).

In the MCL reconstruction cohort, ligament reconstruc-
tions accounted for 2.4% of all the reconstructions. Of these,

0.4% of cases were isolated MCL reconstructions, and 2.0%
were combined ACL and MCL reconstructions.

The main causes of isolated MCL injuries were traffic
accidents. Among the combined ACL and MCL injuries,
pivoting sports injuries were the most common cause of
trauma. Associated meniscus and cartilage lesions were seen
in 17% and 13% of all isolated MCL injuries, respectively.

Subjective outcomes: KOOS and Tegner activity
scale at the 1-year follow-up

At the 1-year follow-up, all KOOS sub-scores improved
from the baseline in the isolated MCL reconstruction and
combined MCL plus ACL reconstruction cohorts. In both
cohorts, the greatest improvements were in the category of
sports and QoL, with improvements ranging from 15 to 25
points. The KOOS sub-scores of the MCL reconstruction
cohort were higher (2—-8 points higher) than those of the
MCL plus ACL reconstruction cohort, but the difference
was not statistically significant (Table 2).

At the 1-year follow-up, the isolated MCL and combined
MCL plus ACL cohorts had significantly low sports and
QoL sub-scores. Improvements in these two cohorts from the
baseline to the follow-up ranged between 10 and 15 points
for sports activity and 8 and 10 points for QoL (Table 2).

The KOOS4 in both the isolated MCL and combined
MCL plus ACL reconstruction cohorts was lower than
that of the ACL reconstruction cohort; however, the
scores improved in all the cohorts at the 1-year follow-up.
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Table 2 Pre-operative and post-operative 1-year follow-up data

Isolated ACL

Isolated MCL Combined ACL+MCL

Pre-operative

1-year follow-up

Pre-operative  1-year follow-up Pre-operative 1-year follow-up

Number of KOOS responses, n 8497 6236
KOOS - -
KOOS4# 42 (17) 68 (16.4)*
Symptoms 71 (16) 71 (13)*
Pain 71 (17) 83 (15)*
ADL 79 (18) 89 (13)*
Sports 38 (26) 61 (25)
QoL 39 (16) 58 (21)*
QoL >40, (%) 45 78%
Tegner activity score 3.0 (2.0 5.0 (2.0)*
Number of objective data, n 21,537 13,035
Number of valgus IKDC grade A, n (%) - -
KT-1000 side-to-side distance, mm 522.3) 1.5 (1.5)*

23 22 156 126
55 (16) 59 21)* 50 (75) 61 (18)°
60 (20) 64 (17)be 69 (15) 67 (13)*¢
60 (22) 76 (18)** 68 (19) 77 (19)*¢
64 (21) 83 (14)*¢ 72 (20) 83 (17)°
21 (23) 46 (29)** 28 (23) 51 (27)%¢
29 (16) 51 (25) 35(17) 50 (21)*¢
17 642° 36 63%¢
2.1(2.3) 3.5 (1.9)*¢ 2.5(1.5) 4.2 (2.1)*
77 40 412 280

3(3) 26 (53)* 44 (9) 195(69)*
- - 6.2 (3.0) 1.7 (1.8)?

ACL anterior cruciate ligament, MCL medial collateral ligament, KOOS Knee Injury and Osteoarthritis Outcome Score, ADL activities of daily
living, QoL quality of life, IKDC International Knee Documentation Committee

"Data are the mean (SD), and an independent ¢ test was used for comparison of two means

Significant difference from pre-operative to 1-year follow-up

bSignificant difference between the isolated MCL and combined MCL plus ACL cohorts at the 1-year follow-up

“Significant difference between the isolated ACL and both MCL reconstruction cohorts at the 1-year follow-up

At the 1-year follow-up, based on a KOOS of > 44 points
for QoL, 64% of isolated MCL reconstructions and 63%
of combined MCL plus ACL reconstructions were subjec-
tive successes, compared with a subjective success rate of
78% in the isolated ACL reconstructions.

The Tegner activity scale improved in both the iso-
lated MCL and MCL plus combined ACL reconstruction
cohorts at the 1-year follow-up, with no significant differ-
ence between the two cohorts. The Tegner scores of both
cohorts were significantly lower than those of the isolated
ACL reconstruction cohort (Table 2).

Objective outcome: Valgus laxity at the 1-year
follow-up

At the 1-year follow-up, 26 (53%) and 195 (69%) of the
patients who had undergone isolated MCL and combined
MCL plus ACL reconstructions, respectively, had valgus
IKDC grade A. The sagittal laxity improved significantly
in both the isolated ACL reconstruction cohort and the
combined MCL plus ACL reconstruction cohort. At the
1-year follow-up, the side-to-side difference was 1.7 mm
for combined MCL plus ACL reconstruction. In compari-
son, the sagittal laxity in cases of isolated ACL recon-
structions was 1.5 mm at the follow-up (Table 2).
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Discussion

The primary findings of the present study were that 53%
and 69% of patients obtained normal valgus stability 1 year
after isolated MCL and combined MCL plus ACL recon-
structions, respectively. In our study, we found significant
improvements in valgus stability after both isolated MCL
and combined ACL and MCL reconstructions. Normalisa-
tion of valgus stability (IKDC grade A) was achieved in
53% and 68% of isolated MCL and combined MCL plus
ACL reconstruction cases, respectively. This finding is in
accordance with that of a larger case series that studied
MCL reconstruction outcomes [19, 20].

The study also revealed improved subjective outcomes
in both isolated MCL reconstruction and combined MCL
plus ACL reconstruction at the 1-year follow-up compared
to the baseline.

Overall, the greatest improvement in KOOS was found
with isolated MCL reconstruction, especially in sports and
QoL sub-scores. However, in terms of subjective outcomes
of isolated MCL reconstruction and combined MCL plus
ACL reconstruction at the 1-year follow-up, there was no
significant difference between the cohorts. Another key
finding was that the subjective success rate, defined as a
KOOS for QoL of > 44 at the 1-year follow-up, was lower
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for isolated MCL reconstruction (64%) and combined
MCL plus ACL reconstruction (63%) compared with that
of isolated ACL reconstruction (78%).

The findings of improved valgus stability and improved
subjective outcomes after MCL reconstruction are similar to
those of several large case series studies of different anatom-
ical MCL reconstruction techniques. In a study by Lind et al.
[23] on 61 patients, 95% of patients who underwent isolated
MCL reconstruction or MCL multi-ligament reconstruction
obtained IKDC A or B valgus stability and improvements
in subjective outcomes to levels comparable to those in
primary ACL reconstructions. In a study by LaPrade et al.
[22], 28 patients with anatomical MCL reconstruction had
improved valgus stability (from 6.2 to 1.3 mm) as evaluated
by stress X-rays and subjective IKDC score improvements
from 44 to 76. In the present study, in terms of the objec-
tive outcomes, valgus stability was good after MCL recon-
struction, but a significant proportion (one-third) of patients
reported knee-injury-related complaints at the 1-year follow-
up. This finding can be expected in cases of multi-ligament
injury (i.e., combined MCL plus ACL and MCL injuries),
with continued knee dysfunction, despite acceptable knee
stability. The poorer subjective outcome after isolated MCL
reconstruction compared with that of isolated ACL recon-
struction is more difficult to explain. It is most likely that
grade IIT MCL lesions, which resulted in chronic MCL insta-
bility requiring MCL reconstruction, were associated with
marked extra-articular soft tissue injury. The latter may have
led to post-traumatic symptoms that were not relieved by the
stability obtained by MCL reconstruction.

The results of the present study also revealed no differ-
ence in the subjective outcomes of the isolated MCL recon-
struction and combined MCL plus ACL reconstruction
cohorts. In the existing orthopaedic literature, only a few
studies have compared isolated MCL injuries directly with
ALC and MLC injuries. Al-Hourani et al. [1] followed a
large cohort of patients with MCL injuries (N=82) over a
1-year follow-up period and found no significant differences
in objective functional outcomes between isolated and com-
bined MCL and ACL injuries. However, they did not include
an assessment of subjective outcome scores. In contrast, the
present study included both objective and subjective (KOOS
and Tegner scores) outcome assessments. To the best of our
knowledge, this is the first national register study to directly
compare outcomes of isolated MCL reconstruction with
those of isolated ACL reconstruction. Such a comparison
was possible due to the inclusion of both cruciate and col-
lateral ligament reconstruction data in the DKRR. Previous
studies on MCL and ACL reconstructions were largely based
on case series and compared outcomes of combined MCL
and ACL reconstruction with those of isolated ACL recon-
struction. Thus, the possible benefits of surgical treatment
of isolated MCL lesions have received little attention. In a

study by Lundberg et al. [25], 38 patients with grade I and
ITI MCL injuries were treated conservatively. After a 4-year
follow-up, all the patients had a Lysholm score of 95 points
or higher, and 32 of the 38 patients were able to return to
pre-injury activity levels. In the study, only two patients had
minor residual valgus laxity. Another study on a small subset
of patients with isolated MCL injuries reported that chronic
symptoms persisted after conservative treatment [16]. The
current study contains data only on outcomes after surgical
management of MCL lesions. In Denmark, the indication for
surgical treatment of an isolated MCL lesion is significant
subjective instability, together with clear, objective grade
IT or IIT valgus instability after conservative treatment. The
findings of the present study add to the current literature by
showing that reconstruction in cases of an isolated MCL
injury may benefit patients with chronic laxity when con-
servative treatment has failed.

However, as demonstrated by the KOOS and Tegner
scores, the subjective outcome of the MCL reconstruction
cases was significantly poorer than those of the isolated ACL
reconstruction cases.

A possible cause of the observed lower KOOSs and Teg-
ner scores after MCL reconstruction compared with those
after ACL reconstruction may be symptoms associated with
lesions deep in MCL structures that are not addressed by
superficial MCL reconstruction. In a study in which patients
(N=34) with grade II and III injuries were treated with ster-
oid injections for deep MCL inflammation (n=34), Jones
et al. [13] concluded that the deep MCL was a potential
cause of chronic symptoms. Hence, failing to take account of
the deep portion of the ligament during surgical reconstruc-
tion of the MCL may explain the lower KOOSs and Tegner
scores found in the present study.

In the present study, both isolated MCL and combined
MCL plus ACL reconstructions were associated with lower
subjective and objective outcomes than those of isolated
ACL injuries. The underlying reason is not clear, and the
explanation could be multifactorial. One possible explana-
tion could be a different injury mechanism. Lundblad et al.
[22] performed a prospective cohort study on professional
football players for 11 years and found that most MCL inju-
ries were due to direct contact resulting in valgus overload.
The same trauma mechanism was not reported for ACL inju-
ries, which were most often caused by non-contact mecha-
nisms [15, 22].

Outcomes after MCL reconstruction may also be
dependent on the surgical technique. The anatomy of
the MCL ligament is complex; it consists of a superficial
and deep structure and a posterior oblique ligament [17].
Recent research highlighted the need to focus on all these
anatomical components during MCL reconstruction [6].
Research also suggested that surgical reconstruction of
these structures seemed to be related to the outcome of
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MCL reconstruction. According to one study, successful
outcomes of MCL reconstructions appeared to depend on
the strength of the graft, accurate placement of the attach-
ment and solid fixation [40].

The current study did not compare conservative treat-
ment with reconstructive treatment of combined MCL and
ACL injuries. A few randomised controlled studies specifi-
cally compared conservative treatment of combined ACL
and MCL injuries with that of reconstructive treatment. In
a recent randomised trial, the authors found no difference
in valgus stability between conservative and reconstruc-
tive management of grade III MCL tears in combined ACL
and MCL injuries [14]. In the study, stability was normal
or nearly normal in 96% of cases following conservative
MCL treatment and in 100% of cases following surgical
treatment. The authors concluded that the results of non-
operative treatment of grade III MCL lesions were similar
to those obtained with operative treatment when the ACL
was reconstructed in the early phase.

This study was based on a large knee ligament reconstruc-
tion patient cohort, thereby enabling an analysis and com-
parison of the incidence of isolated MCL reconstructions
and combined MCL plus ACL reconstructions. Given that
the registry contains data on more than 90% of all ligament
reconstruction procedures, extrapolating the results to the
general population is reasonable. In addition, as the data
were obtained from a national cohort in which the opera-
tions were performed by different surgeons, the findings are
more representative and generalised than single-surgeon and
single-clinic studies.

A limitation of the study is that not all the baseline char-
acteristics of the patients in the cohorts were homogenous.
Thus, variations between the study cohorts may have influ-
enced the results. Moreover, the study considered only the
outcome of MCL reconstruction 1 year after treatment. It
would be of interest to examine long-term objective and
subjective outcomes. Another limitation was the complete-
ness of the subjective outcome parameters. In the present
study, an average of 33% and 18% of patients reported data
pre-operatively and at the 1-year follow-up, respectively.
This raises the possibility of selection bias in the evaluation
of the patient reported outcome data. However, a previous
validation study found no difference in the subjective out-
comes of responders versus non-responders [32]. Finally,
this study examined only the clinical outcome after surgical
treatment of MCL injuries that resulted in chronic instabil-
ity or early instability after failed brace treatment. As such,
the study lacks data on non-surgical treatment, which is the
main initial treatment modality for acute grade II and III
MCL lesions. The clinical impact of the present study is that
MCL reconstruction should be considered when significant
valgus instability is present after MCL lesions both for iso-
lated lesions and combined with ACL lesions.
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Conclusion

Both isolated MCL reconstruction and combined MCL plus
ACL reconstruction resulted in significant and clinically rel-
evant improvements in the subjective outcomes from pre-
operative conditions to the 1-year follow-up. Valgus stabil-
ity also improved significantly, with two-thirds of patients
obtaining normal valgus stability after MCL reconstruction.
At the 1-year follow-up, there was no difference in the sub-
jective outcomes between the isolated MCL reconstruction
and combined MCL reconstruction, but these results were
poorer than for isolated ACL reconstruction cohorts. The
study data demonstrate that even in a multi-clinic national
cohort, MCL reconstruction of valgus-unstable knees results
in an acceptable clinical outcome (valgus stability) and an
improvement in subjective outcomes.
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