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OA: 4e6 years follow-up of patients undergoing meniscal surgery
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Objective: We evaluated whether patient-reported outcome trajectories (i.e., changes over time) differed
by intraoperative compartmental cartilage lesion pattern over 4e6 years following arthroscopic meniscal
surgery.
Methods: In this ancillary study of the Knee Arthroscopy Cohort Southern Denmark cohort, we intraoperatively categorized cartilage lesions as isolated patellofemoral, isolated tibiofemoral, or combined
patellofemoral/tibiofemoral. Participants completed the Knee injury and Osteoarthritis Outcome Score
(KOOS) pre-operatively, at 3 and 12 months, and at 4e6 years post-operatively and reported overall
satisfaction at ﬁnal follow-up. Our main outcome was KOOS4 (grand mean of four subscale means). We
evaluated whether KOOS4 scores changed over time according to cartilage lesion patterns using adjusted
mixed linear regression. We also estimated probability of treatment satisfaction using logistic regression.
Results: Of 630 participants with complete cartilage scores, 280 (44%) were women, mean (standard
deviation) age was 49 (13) years, and BMI was 27.3 (4.4) kg/m2. KOOS4 scores at baseline were slightly
lower in all lesion groups compared to the no lesion group, yet only the combined group was statistically
signiﬁcantly lower. KOOS4 trajectories were similar across cartilage lesion patterns, but by ﬁnal followup, adjusted mean KOOS4 scores were 6.8 (95% CI 2.2, 11.4) to 9.8 (1.1, 18.5) points lower in groups with
cartilage lesions compared to the no lesion group. Probability of patient-reported satisfaction did not
differ statistically by group.
Conclusions: Though KOOS4 scores were slightly lower in groups with arthroscopically assessed cartilage
lesions compared to the no lesion group, trajectories were similar across all groups.
© 2021 The Authors. Published by Elsevier Ltd on behalf of Osteoarthritis Research Society International.
This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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Meniscal lesions are associated with knee osteoarthritis (OA),
hence it is common to see knee OA-related structural abnormalities
in individuals treated for meniscal lesions, regardless of whether or
not surgery is performed1e3. Therefore, while arthroscopic meniscal surgery is not recommended as ﬁrst-line intervention for
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meniscal lesions4, individuals who have undergone such surgery
likely have, or are at risk of developing, knee OA. Both prevalence
and greater severity of cartilage lesions are associated with worse
clinical outcomes following meniscal surgery2,3,5,6.
The prevalence and progression of knee OA has focused largely
on the tibiofemoral joint, though patellofemoral OA is also common
in populations with meniscal lesions2. The few studies that have
evaluated the association between patellofemoral joint cartilage
lesions at the time of surgery and clinical outcomes have been
somewhat conﬂicting3,5. For example, one study found no relationship between intraoperative patellofemoral cartilage lesions
and clinical outcomes one year after arthroscopic partial meniscectomy3, while another showed patellofemoral lesions to be
associated with worse outcomes 2e5 years after surgery5. These
conﬂicting ﬁndings may be explained by the different follow-up
periods, meaning it is possible that such a relationship develops or
changes over time. No studies have compared both patellofemoral
and tibiofemoral lesions with longer-term clinical outcomes. This is
particularly relevant because patients with patellofemoral OA may
differ clinically from those with tibiofemoral OA, reporting symptoms at least as severe or worse than those with tibiofemoral OA7,8.
We therefore evaluated whether trajectories (i.e., changes over
time) of patient-reported outcomes differed by intraoperative
compartmental pattern of cartilage lesions over 4e6 years in patients following arthroscopic meniscal surgery and thus at high risk
of knee OA.
Methods
Study design and participants
This is an ancillary study of the prospective Knee Arthroscopy
Cohort Southern Denmark (KACS) cohort9. This cohort includes 641
participants (mean age 49 years (range 18e77; 43% women) who
underwent arthroscopic meniscal surgery (resection or repair), and
who had no previous or planned surgeries for the anterior or
posterior cruciate ligaments. Study and participant details have
been published (ClinicalTrials.gov identiﬁer NCT01871272)9.
Exposure: cartilage lesions
At the index surgery, surgeons intraoperatively identiﬁed
cartilage lesions in the medial tibiofemoral, lateral tibiofemoral,
and patellofemoral compartments using the International Cartilage
Repair Society (ICRS) scoring system (0 ¼ normal, 4 ¼ very severe),
a method with good inter-rater reliability (ICC 0.83)10. Based on
ICRS scores, we deﬁned prevalence of a cartilage lesion as ICRS
Grade 2, and subsequently classiﬁed participants into one of four
categories of compartmental patterns: no cartilage lesions
(ICRS < Gr. 2 throughout the knee); isolated patellofemoral cartilage lesions (ICRS  Gr. 2 in the patellofemoral compartment only);
isolated tibiofemoral cartilage lesions (ICRS  Gr. 2 in the tibiofemoral compartments only); or combined cartilage lesions
(ICRS  Gr. 2 in both the patellofemoral and tibiofemoral
compartments).
Outcome: Knee injury and Osteoarthritis Outcome Score
Study participants completed the Knee injury and Osteoarthritis
Outcome Score (KOOS) pre-operatively, and at 3 months, 12
months, and 4e6 years post-operatively. The KOOS is a 42-item
patient-reported outcome measure consisting of ﬁve subscales:
Pain, Symptoms, Activities of Daily Living (ADL), Function in Sport
and Recreation (Sport/Rec), and Quality of Life (QoL)11. Participants
rate each item on ﬁve graded adjectival response options, then

mean subscale scores are calculated and converted to a standardized score ranging from 0 to 100, with 100 representing ‘no
problems’.
We reported the aggregated KOOS4 e the grand mean of four
KOOS subscale score averages (excluding KOOS ADL) e as our main
outcome, in order to simplify interpretation9. Our secondary outcomes were the ﬁve individual KOOS subscales, plus two patientreported global assessment scores assessed at ﬁnal follow-up. The
patient acceptable symptom state (PASS) determines whether a
participant is satisﬁed with their current knee function12. The
participant was asked to answer ‘yes’ or ‘no’ to the question, “When
you think of your knee function, do you consider your current condition as satisfactory? By knee function, you should take into account
your activities of daily living, sport and recreational activities, your
pain and other symptoms and quality of life.” If participants
answered ‘no’ to this question, they responded to a second question
(with ‘yes’ or ‘no’) to determine if the participant felt the treatment
had failed, “Would you consider your current state as being so unsatisfactory that you think the treatment has failed?”
Statistical analyses
To evaluate whether KOOS4 scores differed over time according
to baseline compartmental patterns of cartilage lesions, we performed mixed effects linear regression, which is capable of
handling unbalanced (i.e., missing) data and thus provides unbiased estimates when data are missing at random. We ﬁt a random
intercept at the participant level to account for repeated measures
over time. As ﬁxed effects, we included compartmental pattern, the
interaction of pattern*time (to evaluate whether changes over time
differed by pattern), and covariates age, sex, and body mass index
(BMI). Pattern, time and sex were all treated as dummy variables.
We repeated these methods for each individual KOOS subscale.
After creating each model, we performed post-estimation statistics
to conﬁrm normal distribution of residuals and homoscedasticity,
then used each model to estimate adjusted KOOS scores (95% CI) for
each group at each time point.
At the ﬁnal follow-up visit, we evaluated differences in proportions of individuals who reported being satisﬁed (PASS), according to compartmental patterns of cartilage lesions, using
logistic regression adjusted for age, sex and BMI. Among the subgroup who did not report being satisﬁed at the ﬁnal follow-up visit,
we conducted similar analyses for proportions of individuals who
reported treatment failure. After running each model, we estimated
probabilities (95% CI) of PASS and treatment failure responses, as
well as relative risks (95% CI), by group, using Stata's margins and
adjrr commands.
For sensitivity analysis we repeated all analyses in a subgroup of
individuals who underwent arthroscopic partial meniscectomy
only (i.e., we excluded those who underwent repair) and who were
at least 40 years old. All analyses were performed using Stata/SE
15.1 (StataCorp, TX).
Results
Of 630 participants from the KACS cohort with complete cartilage lesion scores at surgery, 280 (44%) were women, mean (standard deviation) age was 49 (13) years, and BMI was 27.3 (4.4) kg/m2
(Table I, Supplementary Fig. 1). Meniscal resection was performed
in 590 (94%) individuals, meniscal repair in 33 (5%), and both were
performed in 7 (<1%) cases. For those with cartilage lesions at
surgery (n ¼ 349, 55%), the most common pattern was combined
patellofemoral and tibiofemoral lesions (n ¼ 207, 33%), followed by
isolated tibiofemoral (n ¼ 119, 19%) and isolated patellofemoral
(n ¼ 23, 4%). By 4e6 years follow-up, 26% of the sample was lost to
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Women, n (%)
Age
BMI
Symptom onset, n(%)*
Slowly
Semi-traumatic
Traumatic
ICRS e medial tibiofemoral n (%)
0
1
2
3
4
ICRS e lateral tibiofemoral % (n)
0
1
2
3
4
ICRS e patellofemoral % (n)
0
1
2
3
4
KOOS4
KOOS Pain
KOOS Symptoms
KOOS ADL
KOOS Sport Rec
KOOS QoL
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None
(n¼281)

Isolated PFJ
(n¼23)

Isolated TFJ
(n¼119)

Combined PFJ/TFJ
(n¼207)

97 (35%)
42 (13)
26.4 (3.4)

7 (30%)
49 (10)
26.1 (3.4)

49 (41%)
52 (10)
26.8 (4.1)

119 (57%)
56 (10)
28.8 (5.3)

70 (24.9)
115 (40.9)
96 (34.2)

4 (17.4)
11 (47.8)
8 (34.8)

42 (35.3)
48 (40.3)
29 (24.4)

87 (42.0)
81 (39.1)
39 (18.8)

160 (57%)
121 (43%)
.
.
.

11 (48%)
12 (52%)
.
.
.

6 (5%)
5 (4%)
52 (44%)
45 (38%)
11 (9%)

4 (2%)
9 (4%)
68 (33%)
94 (45%)
30 (14%)

186 (66%)
95 (34%)
.
.
.

16 (70%)
7 (30%)
.
.
.

37 (31%)
51 (43%)
17 (14%)
12 (10%)
2 (2%)

29
55
77
33
12

186 (66%)
95 (34%)
.
.
.
48.1 (15.6)
58.4 (18.6)
62.1 (18.9)
67.9 (19.0)
29.9 (22.7)
42.1 (15.1)

.
.
15 (65%)
5 (22%)
3 (13%)
45.7 (17.2)
59.2 (20.7)
52.5 (21.9)
65.2 (22.1)
26.3 (22.6)
44.8 (16.9)

45 (38%)
74 (62%)
.
.
.
46.7 (15.0)
55.3 (17.8)
60.4 (18.7)
65.2 (18.8)
28.3 (21.9)
43.0 (15.2)

.
.
93 (45%)
85 (41%)
29 (14%)
41.9 (14.4)
49.3 (17.2)
57.5 (17.5)
57.1 (18.4)
20.5 (19.9)
40.2 (15.7)

(14%)
(27%)
(37%)
(16%)
(6%)

All reported values are unadjusted mean (SD) values unless otherwise speciﬁed.
*
Symptom onset: slowly ¼ symptoms evolved slowly; semi-traumatic ¼ symptoms began with a speciﬁc incident such as kneeling, sliding or twisting of the
knee; traumatic ¼ symptoms began with a violent incident such as sport-related crash or collision. KOOS ¼ Knee injury and Osteoarthritis Outcome Score;
PFJ ¼ patellofemoral joint; TFJ ¼ tibiofemoral joint; BMI ¼ body mass index; ICRS ¼ International Cartilage Repair Society; ADL ¼ activities of daily living; Sport
Rec ¼ function in sports and recreation; QoL ¼ quality of life.

Table I

Demographics and baseline KOOS scores, by compartmental location of cartilage lesions

follow-up, however missingness was not correlated with participant characteristics.
KOOS4 scores were similar across groups at baseline, with
slightly lower scores for all groups with cartilage lesions, but only
the combined lesion group was statistically signiﬁcantly lower
(Table I, Fig. 1, Supplementary Table 1). Changes in KOOS4 scores
over time were similar across groups (pattern*time interaction,
P ¼ 0.16), with slightly higher scores in the group with no cartilage
lesions at all time-points (Fig. 1, Supplementary Table 1). Withingroup improvements (95% CI) from baseline to ﬁnal follow-up
ranged from 21.2 (13.0, 29.5) for the isolated patellofemoral group
to 27.4 (25.0, 29.8) for the no lesion group. At the ﬁnal follow-up, all
three groups with cartilage lesions had statistically signiﬁcantly
lower adjusted mean KOOS4 scores compared to the no lesion
group, with worse mean KOOS4 ranging from 6.8 (2.2, 11.4) in the
isolated tibiofemoral group to 9.8 (1.1, 18.5) points lower in the
isolated patellofemoral group.
Changes in KOOS subscale scores over time were similar to
KOOS4, though three of the ﬁve subscales (ADL, Sport Rec, and QoL)
had statistically signiﬁcant interaction terms (Supplementary
Fig. 2). Mean between-group differences were slightly larger at ﬁnal
follow-up in the Sport Rec and QoL subscales (Supplementary
Table 1).
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Probability of patient-reported satisfaction (PASS) was 75% (0.75
[95%CI 0.68, 0.81]) for the no lesion group. While not statistically
signiﬁcant, the probability of PASS was on average 10e15% lower in
the groups with cartilage lesions, resulting in mean relative risks of
13e19% lower chance of being satisﬁed for groups with cartilage
lesions (Supplementary Table 2). Among those who were not
satisﬁed with their outcomes (n ¼ 149), very imprecise estimates of
Treatment Failure (i.e., wide conﬁdence intervals) precluded any
clear interpretation.
In sensitivity analyses, results did not differ substantially (Supplementary Tables 3 and 4).
Discussion
Changes in KOOS4 scores over time were similar across all patterns of cartilage lesions. Though these trajectories were similar, by
ﬁnal follow-up all three cartilage lesion groups had signiﬁcantly
worse mean KOOS4 scores of approximately 7e10 points lower
than the no lesion group, suggesting these differences may be
clinically meaningful9. These results extend previous work3,5,6 with
longer follow-up periods in a large cohort where both patellofemoral and tibiofemoral cartilage lesions were assessed at baseline,
offering more insight into how symptoms change over time.
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Adjusted KOOS4 (95% CI) scores according to baseline cartilage lesion compartment pattern, over time.
BL ¼ baseline (pre-operative KOOS4 scores); PFJ ¼ patellofemoral joint; TFJ ¼ tibiofemoral joint. See
Supplementary Table 1 for sample sizes for each pattern at each follow-up time.

The proportion of individuals in our study with patellofemoral
lesions (37%, regardless of tibiofemoral status) can be compared to
other meniscal cohorts (49%)3, asymptomatic cohorts of at least 40
years old (33% [95% CI 20, 48])13, and to other symptomatic cohorts
(43% [95% CI 32, 55])14. The proportion of tibiofemoral lesions (52%,
regardless of patellofemoral status) can be compared to meniscal
cohorts (52%)3, similarly aged asymptomatic cohorts (38%, [95% CI
24, 54])13 and knee OA cohorts (27% [95% CI 26, 28] in men, 37%
[95% CI 36, 38] in women)15.
We did not ﬁnd any speciﬁc pattern of intraoperative cartilage
lesions to be uniquely prognostic of patient-reported outcomes in
the present study. The literature suggests that post-surgically
identiﬁed patellofemoral OA may still contribute to worse symptoms compared to tibiofemoral OA alone, ten or more years after
arthroscopic procedures such as meniscectomy or anterior cruciate
ligament reconstruction7. While this is beyond the aim of the present study, it does highlight that longer-term outcomes or the
further progression of OA after surgery may contribute to symptoms in a compartment-speciﬁc way. Further work is needed to
clarify the role of different patterns of OA as contributors to
symptoms over time, and to evaluate the clinical relevance of these
changes. This is particularly important given evidence suggesting
relatively weak correlations between structural features and
symptoms13.
Limitations
The sample size of the isolated patellofemoral lesion group was
small in the present study (n ¼ 23), which resulted in less robust
and precise estimates of patient-reported outcomes. Consequently,
the study may have been underpowered to detect a statistically
signiﬁcant difference in trajectories. In addition, had we acquired
imaging such as MRI in this cohort study, we would have been able
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to monitor changes in prevalence or severity of cartilage lesions and
other joint structure features over time, and compared this to patient-reported outcomes.
To conclude, in this prospective observational study over 4e6
years, neither the presence nor compartmental pattern of cartilage
lesions assessed arthroscopically at the time of meniscal surgery
markedly impacted the changes in patient-reported outcomes over
time. Those with a cartilage lesion (irrespective of location) did
tend to have worse patient-reported outcomes at 4e6 years followup.
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