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Abstract

Purpose To compare patients with a concomitant full-thickness cartilage lesion and anterior cruciate ligament (ACL) injury
to patients with an isolated ACL injury at 10-15 years post ACL reconstruction.

Methods This is a longitudinal follow-up of a cohort of 89 patients that were identified in the Norwegian National Knee
Ligament Registry and included in the index study in 2007. The study group consisted of 30 patients that underwent ACL
reconstruction and had a concomitant, isolated full-thickness cartilage lesion (International Cartilage Repair Society [ICRS]
grade 3—4). Each study patient was matched with two control patients who underwent ACL reconstruction but had no carti-
lage lesions (ICRS grade 1-4) (n=59). At a median follow-up of 10.2 years (range 9.9-15.6), 65 patients (74%) completed
the Knee Injury and Osteoarthritis Outcome Score (KOOS), which was the main outcome measure, resulting in 23 pairs
after matching.

Results At a follow-up of 10-15 years after ACL reconstruction, no significant differences in KOOS were found between
patients with a concomitant full-thickness cartilage lesion and patients without cartilage lesions. There was also no significant
difference between the two groups when comparing the change over time in KOOS scores from preoperative to follow-up.
Both groups showed significant improvement in all KOOS subscales from preoperative to follow-up, except for in the Symp-
toms subscale for the control group. The greatest improvement was in the QoL subscale for the study group.

Conclusion ACL-reconstructed patients with a full-thickness cartilage lesion did not report worse outcomes at 10-15 years
after surgery compared with patients with an isolated ACL injury. Our findings support that there is no long-term negative
effect of a concomitant cartilage lesion in an ACL-reconstructed knee. These findings should be considered when discussing
treatment and informing about the expected long-term outcome after ACL reconstruction to patients with such combined
injuries.

Level of evidence II.
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Introduction

Anterior cruciate ligament (ACL) reconstruction is one of
the most commonly performed orthopedic procedures and
a well-established treatment option with multiple reports on
the long-term outcomes, both subjective and objective [5,
16, 22, 27]. ACL injuries are often associated with other
injuries in the knee and the choice of treatment for these
injuries is not always clear. Cartilage lesions can be found in
16-46% of knees undergoing primary ACL reconstructions
[7]. There is yet to be a consensus for whether, and how,
these lesions should be treated and rehabilitated [12, 15, 20,
26, 30, 36, 37, 39, 47].

The effect of a concomitant cartilage lesion on the long-
term outcomes for patients who have undergone an ACL
reconstruction is indecisive [10, 13]. In studies focusing on
patient-reported outcomes, a cartilage lesion at the time of the
index ACL reconstruction has been shown to be a risk fac-
tor for significantly poorer subjective outcomes at follow-up
times of 10 years or more [2, 17, 23, 24, 34, 35]. However,
although the changes in standardized subjective knee scores
were statistically significant, they were not always clinically
relevant. Similar results have been found in studies looking at
radiographic osteoarthritis (OA) in ACL-reconstructed knees.
Cartilage lesions are a significant risk factor for developing
radiographic OA, and also increase the risk of symptomatic
radiographic OA [2, 8, 23-25, 27].

This study is the fourth report on a longitudinal follow-up
of a cohort of ACL-reconstructed patients with concomitant
cartilage lesions of International Cartilage Repair Society
(ICRS) grade 3 or 4 and a matched control group without car-
tilage lesion. The cohort was described in an index study by
Hjermundrud et al. where they found no effect of the carti-
lage lesion on preoperative KOOS scores [19]. At a median
of 2.1 years post reconstruction, Rgtterud et al. reported that
patients with concomitant cartilage lesions had significantly
worse outcomes [29]. However, at a median of 6.3 years of
follow-up, Ulstein et al. found no negative effect of concomi-
tant cartilage lesions compared with matched controls [40].

The hypothesis of this study was that at a minimum 10-year
follow-up, patients with ACL reconstruction and a concomitant
cartilage lesion would not have significantly worse outcomes
compared with a matched control group. With this study, the
aim was to increase knowledge of the long-term prognosis
after ACL reconstruction in patients with a concomitant carti-
lage lesion and thereby improve information on the expected
prognosis to patients. To our knowledge, this is one of very few
long-term prognostic studies in this area.
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Materials and methods

The National Knee Ligament Registry (NKLR) in Norway
prospectively monitors the outcome of knee ligament surger-
ies [14] with the Knee Injury and Osteoarthritis Outcome
Score (KOOS) filled in by the patient preoperatively, and at
2-, 5-, and 10-year follow-ups.

Knee injury and osteoarthritis outcome score

The KOOS is a self-administered questionnaire for patients
and is considered valid, reliable, and responsive to ACL
and cartilage lesions [4, 9, 11]. It consists of five subscales:
pain, symptoms, activities of daily living (ADL), function
in sport and recreation (sport/rec), and knee-related quality
of life (QoL). Each subscale ranges from zero (worst) to
100 (best). The KOOS QoL subscale is considered to be the
most sensitive for ACL-injured patients and was defined as
the primary outcome [28]. A difference of 810 points in a
subscale is considered to be the minimal perceptible clinical
improvement [28].

Patient inclusion

A search performed in the NKLR identified 4849 primary
ACL reconstructions in 2004-2007. Of these, 30 patients
met the following inclusion criteria: a full-thickness carti-
lage lesion (ICRS grade 3 or 4), age less than 40 years, less
than 12 months between ACL injury and reconstruction, no
associated ligament or meniscus injury, no previous knee
surgery, and a complete preoperative KOOS questionnaire.
Each of these 30 patients in the study group was matched
with two control patients with an isolated ACL injury and
no cartilage lesion of any ICRS grade. The control patients
had to meet the same inclusion criteria as the study group
and were matched for age, gender, time from injury to recon-
struction, and type of graft. The strict inclusion criteria and
matching were intended to isolate the cartilage lesion as the
only factor distinguishing the two groups and thereby mini-
mize influence of other possible factors on knee function and
degenerative development.

The full-thickness cartilage lesions of the study group
were distributed as follows: 20 (67%) in the medial tibi-
ofemoral compartment, 6 (20%) in the lateral tibiofemoral
compartment, and 4 (13%) in the patellofemoral compart-
ment. Twenty-two (73%) had a lesion measuring 2 cm? or
less, and eight (27%) were greater than 2 cm?. Only seven
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(23%) of the patients had a cartilage procedure performed at
the time of the reconstruction: four patients had a debride-
ment procedure, and three patients had a micro-fracture pro-
cedure. The cartilage lesions of the remaining patients were
left untreated.

Follow-up

At a median of 10.2 years (range 9.9-15.6, n=52), KOOS
data were collected from NKLR. Patients lacking 10-year
follow-up data in the NKLR were sent the KOOS question-
naire and Tegner activity scale up to three times by postal
mail. They were further contacted by telephone to fill in
the questionnaire verbally if there was still no response by
post. Sixty-five KOOS forms were collected with a response
rate of 74%. After matching cases with controls, 23 matched
pairs remained (n =23 cases, n=33 controls) (Fig. 1). The
patients that were excluded at previous follow-ups or lost to
this follow-up were removed from the preoperative KOOS
data. In addition to KOOS questionnaires, Tegner activity
score (n=231), height and weight (n=156), and smoking sta-
tus (n=53) were also collected at follow-up. All patients
were cross-referenced in the Norwegian Arthroplasty
Registry to determine if any had undergone a total knee
replacement.

Statistical analysis

Comparisons between the study and control group were
performed using paired sample ¢ tests, and all mean differ-
ences and mean changes measured by KOOS were given
with a 95% confidence interval (CI). If KOOS was available
for both of the matched controls, the data were regarded
as clustered and the average score of the two patients was
used in the analysis. Level of significance was defined as
p <0.05. The power analysis identified 26 pairs as necessary
at follow-up to detect a change in KOOS QoL subscale of
10 points given a power of 0.80, a significance level of 0.05,
and a standard deviation (SD) of the difference between the
study group and the control group of 17.2, which was the SD
of the difference between the groups preoperatively [19, 29,
40]. To determine if the groups were comparable, a Student’s
t test for body mass index (BMI) and a chi-square test for
smoking status were performed as these variables were not
matched for in the initial pairings.

IBM SPSS (Statistical Package of Social Sciences) soft-
ware version 25.0 was used for all statistical analyses.

Results

The study group and the control group were comparable
regarding age, time from injury to operation, gender dis-
tribution, graft type, smoking status, and Tegner score at
follow-up (Table 1). There was no significant difference
between the groups regarding BMI or smoking status. Non-
responders were mostly male (19 male, 4 female), but did
not differ significantly in any other characteristics from the
responders with regards to age at injury, time from injury
to operation or in any of the preoperative KOOS subscale
scores.

The mean scores preoperatively and at follow-up for the
study group (n=23) (ACL injury with concomitant full-
thickness cartilage lesion) and the control group (n=33)
(isolated ACL injury) are shown for each KOOS subscale
in Fig. 2. After removal of the non-responders from the
preoperative data, there were no significant differences
between the study and control group preoperatively, nor at
the 10-year follow-up (Table 2). There were also no signifi-
cant differences between the two groups when comparing
the change over time in KOOS scores from preoperative to
follow-up. From 6.3 to 10.2 years, the patients with cartilage
lesion and ACL reconstruction continued to improve with
the largest improvement in the QoL subscale (31.8 +10.5 at
6.3 years to 40.0 +24.3 at 10.2 years) (Table 3). The mean
improvement was also clinically relevant for all subscales,
except the symptoms’ subscale for the control group. None
of the patients were identified in the Norwegian Arthroplasty
Registry as having undergone a knee replacement procedure.
In a sensitivity analysis, we removed the six pairs not avail-
able for the long-term follow-up from the five-year dataset.
This did not affect the results of the longitudinal analysis.

Figure 3 shows the change in KOOS scores over time
with the pre-operative baseline as the starting point. The
QoL outcomes show a more constant improvement for the
study group, while the control group improves rapidly in the
short term with some deterioration in the mid- to long term.

Discussion

The main finding of the present study is that concomitant
full-thickness cartilage lesions identified at the time of ACL
reconstruction do not significantly affect patient-reported
outcomes more than 10 years after surgery.

This finding further supports the results of the previous
report on this cohort, where Ulstein et al. found no nega-
tive effect of the concomitant full-thickness cartilage lesion
on patient-reported outcomes at a median of 6.3 years of
follow-up [40]. The patients with a cartilage lesion and
ACL reconstruction continued to improve in all KOOS
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Primary ACL reconstructions
in NKLR between 2004-2007:
n=4,849

A
30 patients with full 60 patients with no
thickness cartilage lesion cartilage lesion of any ICRS
(ICRS 3 or 4) grade

1 control patient removed
due to missing KOOS values

A 4

Index cohort of 30 matched pairs (n = 89)
* 30 cases —| Hjermundrud et al. (2010)

* 59 matched controls

A
At 2.1 years follow-up (n = 80)
* 30 cases

¢ 50 matched controls

Retterud et al. (2012)

N

A

At 6.3 years follow-up (n = 74)
* 29 cases Ulstein et al. (2016)

¢ 45 matched controls

_| 9 patients lost to follow-up
9 patients missing matching pair

A

At 10.2 years follow-up (n = 56)
* 23 cases Current study

* 33 matched controls

Fig. 1 Flow-chart illustrating patient inclusion and participation from National Knee Ligament Registry (NKLR); International Cartilage
index study by Hjermundrud et al. through subsequent follow-ups Repair Society (ICRS); Knee injury and Osteoarthritis Outcome
up to current study [19, 29, 40]. Anterior cruciate ligament (ACL); Score (KOOS)
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Table 1 Characteristics of the study groups at follow-up

Study group (n=23)  Control
group
(n=33)
Age (years)* (n=52) 38.1(7.9) 38.2 (8.7)
Follow-up (years)* (n=52) 11.42.1) 11.1 (1.8)
Time from injury to surgery 5.6 (2.5) 5124)
(months)* (n=56)
Gender® (n=56)
Females 7 (30) 13 (39)
Males 16 (70) 20 (61)
Right/left (n=56) 12/11 19/14
Body mass index® (n=>56) 259 3.0) 259 4.3)
Graft type® (n=56)
Hamstring tendons 14 (61) 20 (61)
Patella tendon/other 9(39) 13 (39)
Smoking status® (n=>53)
Non-smokers 18 (82) 26 (84)
Tegner activity level® (n=31) 4 (1-7) 4 (1-6)

*Mean and (standard deviation)
"Median and (range)

‘Number and (percentages)

subscales, with the largest improvement in the QoL subscale
(31.8+10.5 to 40.0 +24). The control group had improved
scores in the pain, ADL and QoL subscales, but no improve-
ment in the Symptoms and Sport/rec subscales. The con-
trol group also showed a minimal increase of 1.3 points in
the QoL subscale. The characteristics of the patients did
not change with regards to BMI and Tegner activity level
from 6.3 years to the current follow-up, which only allows
for speculation to the causality behind the convergence of
scores between groups at 6.3 years and in the present study
from the divergence reported at 2.1 years of follow-up. The
6.3 years of follow-up did surprisingly find significantly
more OA in the control group, which may have explained
the slight reduction in scores in this group over time. We did
not assess radiographic OA in this study, but differences in
OA is unlikely to explain the continued improvement in the
long term in the study group.

There are few studies focusing specifically on the long-
term (> 10 years) prognostic effects of a cartilage lesion in
ACL-injured patients. Balasingam et al., Hanypsiak et al.
and Widuchowski et al. found no statistically significant
differences in patient-reported outcomes when comparing
patients with cartilage lesion and ACL injury to patients
with isolated ACL injury at 10 years, 12 years, and 15 years,
respectively [1, 18, 46]. In studies analyzing multiple param-
eters to identify risk factors for inferior long-term outcomes,

there is largely a consensus that a cartilage lesion present at
the time of primary ACL reconstruction represents a signifi-
cant risk factor for poorer outcomes. Oiestad et al., Lebel
et al., Murray et al., Spindler et al., Cantin et al., and Senor-
ski et al. all found a negative influence of cartilage lesions on
OA progression, QoL and International Knee Documenta-
tion Committee (IKDC) score [8, 17, 21, 23, 24, 35]. Simi-
larly, Shelbourne et al. found statistically significantly lower
subjective IKDC scores if the patient with cartilage injury
also had less than normal motion [34].

Furthermore, the results demonstrate that knee patients
with the combination of cartilage injury and ACL injury
improve regardless of the treatment of the cartilage injury
similarly to patients without concomitant cartilage injury.
However, in several trials of surgical treatment of cartilage
injuries, patients with combined injuries have been included
at the time of ACL reconstruction [3, 6, 31-33, 41-44]. This
raises the question whether the improvement seen in these
trials may in part be due to the ACL reconstruction and not
the cartilage treatment. One may question if such patients
should be included in clinical trials on surgical cartilage
repair techniques as they likely have a different prognosis
than knees with a cartilage injury alone.

The main strengths of this study are the narrow inclusion
criteria and strict matching of control patients. By match-
ing in pairs for potential confounders, the exposed (carti-
lage lesion) group and the unexposed (isolated ACL injury)
group will be less likely to have differences in the distri-
bution of known confounders. However, those restrictions
might limit the generalizability of the results. Although data
for 65 patients (74% response rate) were collected, only 56
of these were included in the statistical analyses due to the
matching of patients in pairs. This resulted in 23 pairs, which
was less than the 26 pairs determined by the original power
analysis, increasing the risk of a type-II error. Furthermore,
there was a considerable expansion in standard deviations
over time indicating the need for a larger sample size. The
small sample size also did not allow for study patients who
received treatment for their cartilage lesion to be sepa-
rated into a third group for comparison, and the question
of whether concomitant cartilage lesions should be treated
at the time of ACL reconstruction continues to be a com-
plicated topic. Further limitations of this study include that
subsequent knee surgeries in the period from the previous to
the current follow-up were not registered, and X-rays for OA
could not be examined as the data collection collided with
the restrictions due to the COVID-19 pandemic. However,
none of the patients, including non-responders, were identi-
fied as having a total knee arthroplasty in the Norwegian
Arthroplasty Register. Our cohort also included a majority
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Fig.2 Mean Knee Injury and 100 4
Osteoarthritis Outcome Score

(KOOS) of the study group % A
(ACL injury with full-thickness

cartilage lesion) and the control 80 4

group (isolated ACL injury)

at preoperative and a median

of 10.2 years of follow-up

after ACL reconstruction with
standard deviation. Activities of
daily living (ADL); Sports and
recreation (Sport/rec); Quality
of life (QoL); Anterior cruciate
ligament (ACL) 40 1

70 A

60 -

50

30 4 —fi—Study group baseline

=== Control group baseline
20 1 = Study group follow-up

=== Control group follow-up
10

Pain Symptoms ADL Sport/rec QoL

Pain Symptoms ADL Sport/rec QoL
Study group, preoperative 75.2+15.9 75.3+13.8 83.6+15.0 42.4+£24.2 34.2+159
Control group, preoperative 72.3 £ 16.0 73.3+143 82.8+14.6 447 +231 37.1+13.1
Study group, 10.2 years 87.1+154 85.7+14.8 94.3+10.6 68.0+30.3 74.2+23.5
Control group, 10.2 years 87.0+13.3 82.6+15.0 92.8+14.4 69.9 + 25.0 71.5+25.9

Table 2 Mean difference in Knee Injury and Osteoarthritis Outcome Score (KOOS) between the study group and the control group preopera-
tively and at follow-up of 10.2 years with change over time

KOOS subscales Preoperative Follow-up Change over time
Mean difference p-value Mean difference p-value Mean difference p-value
(95% CI) (95% CI) (95% CI)
Pain 30(-72t013.2) (n.s.) 0.1 (—9.6t09.8) (n.s.) —-28(-11.1t05.4) (n.s.)
Symptoms 2.0 (— 6.5t0 10.6) (n.s.) 3.1 (—6.1t012.3) (n.s.) 1.1 (=9.5t011.7) (n.s.)
ADL 0.8 (—7.2108.8) (n.s.) 1.4 (- 691t09.7) (n.s.) 0.6 (—9.3t010.5) (n.s.)
Sport/rec —-23(-17.61t013.0) (n.s.) —1.8(=20.41t016.7) (n.s.) 0.4 (— 15.4t0 16.3) (n.s.)
QoL -29(-11.1t05.4) (n.s.) 2.7 (- 12.81t018.3) (n.s.) 5.6 (—13.91025.0) (n.s.)

n=23 case—control pairs at all points

Mean difference = study group minus control group

Change over time = follow-up minus preoperative

Confidence interval (CI); level of significance (p-value); not significant (n.s.); activities in daily living (ADL); quality of life (QoL)

of smaller lesions, however, a larger study from the NKLR The cumulative findings from this cohort show that a
has shown the prognosis of small (<2 cm?) and large lesions ~ concomitant full-thickness cartilage lesion present at the
(>2 cm?) combined with ACL injury to be similar, thus  time of ACL reconstruction can initially negatively affect
supporting the generalizability of this long-term study [38].  patient-reported outcomes in the short term, but also that the
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Table 3 Mean change over time
between preoperative scores and

KOOS subscales

Study group (n=23)

Control group (n=33)

mean follow-up of 10.2 years in Mean change over time p-value Mean change over time p-value

Knee Injury and Osteoarthritis (95% CI) (95% CI)

Outcome Score (KOOS) of the

study group and the control Pain 11.8 (6.0-17.7) <0.001 14.7 (6.9-22.4) 0.001

group Symptoms 10.4 (2.7-18.1) 0.010 9.3(-0.1t0 18.7) (n.s.)
ADL 10.6 (5.0-16.2) 0.001 10.0 (1.0-19.0) 0.031
Sport/rec 25.7 (15.1-36.3) <0.001 25.2 (13.0-37.5) 0.001
QoL 39.9 (29.4-50.5) <0.001 34.3 (20.2-48.6) <0.001

100 4

80

70 4

60 +

50 o

30 4

20 1

10 4

e=gr==Study group QoL

e=fil==Control group QoL

Preoperative 2.1vyears

6.3 years

10.2 years

(n =30 pairs) (n =29 pairs) (n =29 pairs) (n=23 pairs)
Follow-up
Preoperative 2.1 years 6.3 years 10.2 years
(n =30 pairs) (n =29 pairs) (n =29 pairs) (n= 23 pairs)
Study group QoL 329+16.0 58.5+26.7 65.2+28.3 74.2+235
Control group QoL 35.7+15.1 75.7+17.2 70.9+21.6 71.5+25.9

Fig.3 Knee Injury and Osteoarthritis Outcome Score (KOOS) qual-
ity of life (QoL) subscale for the study group (ACL injury with
full-thickness cartilage lesion) and the control group (isolated ACL
injury) at preoperative and all follow-ups after ACL reconstruction

effect appears to decrease in the long term. Interestingly, the
study group with cartilage lesions continued to improve in
KOOS scores in the mid- to long term despite most of the
cartilage lesions remaining surgically untreated. This is valu-
able information that should be discussed with the patient
in the preoperative stage, as it has been shown that evidence
of cartilage damage was independently associated with
worse patient and surgeon expectations regarding outcome
after an ACL reconstruction [45]. These findings should be
considered when informing patients with such combined

with standard deviation. Preoperative data from Hjermundrud et al.
[19], 2.1 years from Rgtterud et al. [29], and 6.3 years from Ulstein
et al. [40]

injuries with regards to whether the cartilage lesion should
be treated surgically and give realistic expectations regard-
ing the expected outcome after ACL reconstruction.

Conclusion
ACL-reconstructed patients with a full-thickness cartilage

lesion did not report inferior outcomes at 10—15 years after
surgery compared with patients with an isolated ACL injury
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and no cartilage injury. The longitudinal follow-up on this
cohort suggests that a cartilage lesion will negatively affect
patient-reported outcomes in the short term, but the effect
will diminish in the long term.
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