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Greater proportion of patients report an acceptable
symptom state after ACL reconstruction compared
with non-surgical treatment: a 10-year follow-up
from the Swedish National Knee Ligament Registry
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ABSTRACT

Objectives To compare the proportion of patients

with anterior cruciate ligament (ACL) injury reporting an
acceptable symptom state, between non-surgical and
surgical treatment during a 10-year follow-up.
Methods Data were extracted from the Swedish
National Knee Ligament Registry. Exceeding the Patient
Acceptable Symptom State (PASS) for the Knee injury
and Osteoarthritis Outcome Score (KOOS) was the
primary outcome. The PASS and KOOS, (aggregated
KOOS without the activities of daily living (ADL) subscale)
were compared cross-sectionally at baseline and 1, 2,

5 and 10 years after ACL injury, where patients treated
non-surgically were matched with the maximum number
of patients with ACL reconstruction for age, sex and
activity at injury.

Results The non-surgical group consisted of 982
patients, who were each matched against 9 patients
treated with ACL reconstruction (n=8,838). A greater
proportion of patients treated with ACL reconstruction
exceeded the PASS in KOOS pain, ADL, sports and
recreation, and quality of life compared with patients
treated non-surgically at all follow-ups. With respect to
quality of life, significantly more patients undergoing
ACL reconstruction achieved a PASS compared with
patients receiving non-surgical treatment at all follow-
ups except at baseline, with differences ranging between
11% and 25%; 1year —25.4 (=29.1; =21.7), 2 years
—-16.9(=21.2; -12.5), 5 years —11.0 (-16.9; =5.1) and
10 years —24.8 (—36.0; —13.6). The ACL-reconstructed
group also reported statistically greater KOOS, at all
follow-ups.

Conclusion A greater proportion of patients treated
with ACL reconstruction report acceptable knee function,
including higher quality of life than patients treated non-
surgically at cross-sectional follow-ups up to 10 years
after the treatment of an ACL injury.

INTRODUCTION

Both non-surgical treatment, that is, rehabilitation
alone, and anterior cruciate ligament (ACL) recon-
struction after ACL injury are widely accepted
treatments, with the potential to restore satisfactory
knee joint function, at least in the short term.'”
However, the current knowledge of prognostics
and outcome after non-surgical treatment is limited
and these factors have been sparsely investigated.
For instance, there is only one registry study from

.2 Alexandra Horvath,
1,6

the Swedish National Knee Ligament Registry
(SNKLR) that has compared patients treated non-
surgically with patients with ACL reconstruction,
and favourable outcomes have been reported for
patients who underwent ACL reconstruction in
terms of knee function and knee-related symptoms,
1-5 years after ACL injury or reconstruction.®
Contrary to these findings, a randomised controlled
trial (RCT) by Frobell et al*? did not demonstrate
differences in patient-reported outcomes (PROs)
between the two treatments at 2-year and S-year
follow-ups.*®

To improve quality of life (QoL) and mini-
mise knee-related restrictions for patients who
have sustained an ACL injury, it is imperative to
understand the factors that affect short-term and
long-term outcomes and the way the outcome is
influenced by the type of treatment. However, the
results for the region-specific outcomes, such as
the Knee injury and Osteoarthritis Outcome Score
(KOOS)™ ™ reflecting patient-reported knee func-
tion, are sometimes difficult to interpret in daily
practice and carry the risk of potential wash-out,
as the outcomes may contain several items. Another
reason is that a clinically relevant change in PRO
may not correlate with the individual patient’s satis-
factory state of feeling well. The Patient Acceptable
Symptom State (PASS)'? has gained increasing atten-
tion in clinical research and provides a threshold
value for PROs at which patients regard their
knee function as acceptable.””* The use of PASS
cut-offs provides a reference value beyond which
patients regard themselves as feeling well and offers
new opportunities to understand and interpret the
results when treatment options after ACL injuries
are compared. Recently, the responder criteria,
PASS, has been used to interpret the KOOS in
patients in the RCT by Frobell et al,? resulting in no
difference in the proportion of patients exceeding
the cut-off for feeling well, PASS in KOOS, 2 years
after surgical or non-surgical treatments after an
ACL injury.’

To establish evidence for the way patients with
ACL injury undergoing non-surgical treatment and
ACL reconstruction compare with one another, it
may be helpful to use pre-determined responder
criteria in terms of the PASS to interpret PROs. As
a result, we compared the proportion of patients
with ACL injury that report acceptable knee func-
tion (PASS in KOOS) at baseline and 1, 2, 5 and 10
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years following non-surgical treatment and ACL reconstruction,
respectively. In addition, we compared the aggregated KOOS,,
as a proxy for overall knee function, between treatment groups.

MATERIAL AND METHODS
The SNKLR
The SNKLR is a nationwide quality registry with the overall aim
of improving the outcome of treatments for patients with ACL
injuries in Sweden. The registry was initiated in January 2005
and has a coverage of approximately 90% of all ACL reconstruc-
tion surgeries performed in Sweden.'®

Data on ACL injuries and associated injuries are prospec-
tively collected through both a surgeon-reported section and a
patient-reported section. In the event of ACL reconstruction,
the operating surgeon reports information such as the activity
at the time of injury, time from injury to ACL reconstruction,
graft selection, surgical fixation techniques and concomitant
injuries. In the current study, the type of activity at the time
of ACL injury was classified as alpine/skiing, pivoting sport
(such as soccer, team handball, floorball and basketball), non-
pivoting sport (such as running, cycling, equestrian sports and
volleyball) and other (such as traffic accidents and accidents at
work or during outdoor life). Patients with an ACL injury who
choose to undergo non-surgical treatment are informed by their
treating physician, physical therapist or nurse that they have the
option to register in the SNKLR through their personal security
number. To date, the SNKLR does not systematically collect data
from patients who undergo non-surgical treatment, although
they are invited to register and complete follow-ups similar
to patients undergoing an ACL reconstruction. Therefore, the
coverage of non-surgically treated patients with ACL injury in
the SNKLR is unknown. Age and sex are automatically regis-
tered through the patient’s social security number. The patient-
reported section is organised in a similar fashion, independently
of whether the patient is treated non-surgically or surgically.
This section is based on PROs, including the KOOS, reported
at baseline/preoperatively and at 1, 2, § and 10 years after ACL
injury and reconstruction, respectively. Participation in the
SNKLR is voluntary for both patients and surgeons, since there
is no national legislation making registry participation and data
input mandatory. Patients or the public were not involved in the
design, conduct, reporting, or dissemination plans of this study.

Patients

For patients registered with non-surgical treatment, data were
accessible from 1 January 2006 to 30 October 2019 in the
SNKLR, in terms of all patient-related and follow-up data,
respectively, at baseline and at 1, 2, 5 and 10 years after ACL
injury. Data for patients treated with ACL reconstruction were
accessible from 1 January 2005 to 31 December 2018, in terms
of all patient-related, surgery-related and follow-up data. We
included all patients registered with non-surgical treatment, who
had a complete registration of baseline information that consisted
of the date of ACL injury, age, sex, activity at ACL injury and had
any KOOS follow-up data registered. The non-surgically treated

patients were matched with as many patients as possible who
had undergone ACL reconstruction in terms of age *3 years,
sex and the type of activity at the time of injury. Follow-up data
were not part of the matching procedure. This resulted in each
non-surgically treated patient being matched to nine patients,
who had undergone primary ACL reconstruction. All patients
registered with a unilateral ACL reconstruction were eligible
for inclusion and matching. The exclusion criteria were patients
registered with an ACL revision or a contralateral knee injury
and patients who had sustained a medial collateral ligament or
lateral collateral ligament injury that required surgical treatment
or associated injuries, including fracture, tendon injury, nerve
damage or vascular damage. We also excluded patients who
crossed over from non-surgical treatment to ACL reconstruc-
tion. Patients aged <15 years were also excluded.

Outcome measures

The primary endpoint of this study was exceeding the PASS in
the KOOS subscales at each cross-sectional follow-up from base-
line to 10 years after ACL injury or reconstruction. To exceed
the PASS cut-offs in the study is hereinafter named reporting
or achieving a PASS. The timing of the follow-up was based
on the patient’s completion of PROs in the SNKLR after ACL
injury for patients treated non-surgically and after surgery for
patients treated with an ACL reconstruction. Baseline KOOS was
reported on the day of the ACL reconstruction for the patients
who underwent surgery, while patients who were treated non-
surgically on average responded to KOOS 87.3 (54.4) days after
the ACL injury.

The KOOS is a five-dimension questionnaire, validated for
patients with knee injuries and knee osteoarthritis.'® ' The
KOOS dimensions are five in number and consist of pain, knee-
related symptoms, activities of daily living (ADL), function in
sport and recreation and knee-related QoL. The KOOS consists
of a total of 42 items with five response options each that are
scored from 0 (no problem) to 4 (extreme problem). Scores
from each domain are then transformed to a scale ranging from
0 (worst) to 100 (best).

Whereas the minimal important change indicates whether or
not the patient is feeling better, the PASS, on the other hand,
indicates whether the patient is actually feeling well. The PASS
for the KOOS is estimated through threshold values for each
subscale. These values were obtained by asking patients with an
ACL injury the following question: ‘Taking account of all the
activity you have during your daily life, your level of pain and
also your activity limitations and participation restrictions, do
you consider the current state of your knee satisfactory?’, with
the answers yes or no.'? The PASS thresholds (sensitivity, spec-
ificity) for the KOOS subscales (table 1) were determined by
Muller et al'* and have previously been used.

In addition, the KOOS, was used to determine the overall knee
function in patients after ACL injury treatment. In a relatively
young and active population undergoing ACL reconstruction, the
KOOS subscale of ADL is limited by ceiling effects, as patients’
scores cluster towards the best possible score of the subscale. To

Table 1

PASS thresholds for the KOOS subscales defined by Muller et a/'?

KOOS symptoms KOOS pain KOOS ADL

KOOS Sport&Rec KOOS QoL

57 (0.78, 0.67) 89 (0.82,0.81)

100 (0.70, 0.89)

75 (0.87, 0.88) 62.5 (0.82, 0.85)

The PASS for each KOOS item is presented as the threshold value with the sensitivity and specificity (listed in parentheses), unless otherwise stated.
ADL, activities of daily living; KOOS, Knee Injury and Osteoarthritis Outcome Score; QoL, quality of life; Sport&Rec, function in sport and recreation.

20f9

Persson K, et al. Br J Sports Med 2022;56:862-869. doi: 10.1136/bjsports-2021-105115



Original research

Table 3 Mean differences in the proportion of achieved PASS between patients treated non-surgically and ACL-reconstructed patients.

Pain Symptoms Sport&Rec QoL
Baseline -7.5(-10.7 to -4.3)* -9.9 (-14.3 to -5.5)* -3.6 (-6.5 t0 —0.7)* -2.6 (5.7 10 0.6) -1.7(-4.2100.7)
1 year -13.0(-16.8 to =9.2)* -2.3(-5.1100.5) -10.0 (-13.4 to —6.6)* -13.2 (-17.0 to -9.4)* -25.4(-29.1 to -21.7)*
2 years -10.0 (-14.3 to -5.6)* -1.7(-4.6101.2) -5.3(-9.4t0-1.2)* -9.7 (-14.0 to -5.4)* -16.9 (-21.2 to -12.5)*
5 years —6.5(-12.5t0 -0.5)* -1.8(-5.51t01.9) -79(-13.6t0 -2.1)* -9.3(-15.3to —-3.4)* -11.0(-16.9 to -5.1)*
10 years -19.0 (-30.2 to -7.8)* -4.7(-12.7t03.4) -11.5(-22.4t0 -0.7)* -18.2(-29.3 to -7.1)* -24.8 (-36.0 to —13.6)*

Data are presented as the mean with 95% Cls between groups, unless otherwise stated. Mean differences are reported as patients treated non-surgically compared with patients
treated with ACL reconstruction. Therefore, negative mean differences indicate superior outcomes for patients treated with ACL reconstruction.

*P<0.05.

ACL, anterior cruciate ligament; ADL, activities of daily living; PASS, Patient Acceptable Symptom State; QoL, quality of life; Sport&Rec, function in sport and recreation.

avoid this, the KOOS, was developed from the KOOS and is an
average score (ranging from 0 to 100) constructed from four of
the five KOOS subscales: KOOS pain, KOOS symptoms, KOOS
sport and recreation and KOOS QoL.?

Statistical methods

The statistical analyses were performed using SAS/STAT (V.14.2,
2016; SAS Institute). For categorical variables, frequencies (n)
and proportions (%) were presented and, for continuous vari-
ables, the mean and SD, the median and minimum-maximum,
95% CIs and frequencies (n) were presented. For the compar-
ison between non-surgical treatment and ACL reconstruction
groups, Fisher’s exact test (lowest one-sided p value divided by
2) was used for dichotomous variables, the % test was used for
non-ordered categorical variables and Fisher’s non-parametric
permutation test was used for continuous variables. The 95% CI
for the mean difference regarding continuous variables between
the groups was based on Fisher’s non-parametric permuta-
tion test. Comparisons were made for the PASS in each KOOS
domain and KOOS, between the two treatment groups at each
time point (1, 2, 5 and 10 years) with greedy matching (non-
surgical: ACL reconstruction) for age, sex and activity at injury,
using a nearest neighbour approach.'” All the tests were two
sided and performed at the 5% significance level.

RESULTS

A total of 982 patients treated non-surgically (57% men) were
included. The mean age at injury was 30.2 (SD 10.6) years and
approximately half of the ACL injuries (54.8%) were sustained
during pivoting sports. Each non-surgically treated patient was
matched against 9 patients who had undergone ACL reconstruc-
tion (n=8,838) (table 2). The number of non-surgically treated

Table 2 Demographic characteristics of all patient in the non-
reconstructed and ACL-reconstructed groups with data at any follow-

up

Non-reconstructed ACL-reconstructed

Characteristic (n=982) (n=8,838)
Age (mean, SD) 30.2 (10.6) 30.0 (10.5)
Sex (n, %)
Male 555 (56.5) 4,995 (56.5)
Female 427 (43.5) 3,843 (43.5)
Activity at injury (n, %)
Alpine/skiing 224 (22.8) 2,016 (22.8)
Pivoting sport 538 (54.8) 4,842 (54.8)
Non-pivoting sport 44 (4.5) 396 (4.5)
Other 176 (17.9) 1,584 (17.9)

ACL, anterior cruciate ligament.

patients with available PRO data was 489 at baseline, 740 at the
1-year, 614 at the 2-year, 329 at the 5-year and 97 at the 10-year
follow-up.

At baseline, a larger proportion of patients in the ACL recon-
struction group reported a PASS for KOOS pain (mean difference
7.5% (95% CI 4.3% to 10.7%), p=0.0001), symptoms (mean
difference 9.9% (95% CI 5.5% to 14.3%), p<0.0001) and
ADL (mean difference 3.6% (95% CI 0.7% to 6.5%), p=0.025)
compared with patients treated non-surgically (table 3). There
were no differences in the PASS for the KOOS sport and recre-
ation (95%CI 2.6 (—0.6 to 5.7), p=0.13) and QoL subscales
(95%CI 1.7 (—0.7 to 4.2), p=0.20, figure 1).

At the 1-year, 2-year, 5-year and 10-year follow-ups, there
were no differences between the groups at any time point in the
proportion of patients achieving a PASS on the KOOS symptom
subscale. However, on all the other subscales, the ACL recon-
structed group consistently had a greater proportion of patients
reporting a PASS on all follow-up occasions (figures 2-5).
The differences ranged from 5.3% (95% CI —=5.3 (—=9.4% to
—1.2%) p=0.013) on the ADL subscale at 2 years of follow-up
to the greatest differences on the QoL-subscale at the 1-year
and 10-year follow ups, 25.4% (mean —25.4 (95% CI —29.1 to
—21.7) p<0.0001) and 24.7% (mean —24.7 (95% CI —36.0 to
—13.6) p<0.0001), respectively (table 3).

Patients treated with ACL reconstruction reported a signifi-
cantly greater KOOS, at all follow-ups compared with patients
treated non-surgically, with the greatest difference at the 10-year
follow-up (mean —8.11 (95% CI —12.32 to —3.81), p=0.0006,
figure 6).

All average PASS in KOOS and KOOS, outcomes are presented
in online supplemental appendix tables 1 and 2.

DISCUSSION

The most important finding in this study was that, starting
from baseline to the 10-year follow-up, patients undergoing
ACL reconstruction to a greater extent perceived an acceptable
symptom state of their knee compared with patients treated non-
surgically after an ACL injury. A greater proportion of patients
who had undergone ACL reconstruction achieved a PASS on
the KOOS compared with patients treated non-surgically, on all
subscales except symptoms throughout the 1-10 year follow-ups.
Moreover, there was a consistently greater proportion of
achievement of a PASS in patients treated with ACL reconstruc-
tion compared with patients treated non-surgically, with differ-
ences ranging from 10% to 25% at 1year, 5% to 17% at 2 years,
7% to 119% at 5 years and 12% to 25% at 10 years, respectively.
An arbitrary, non-evidence-based cut-off for a difference of
10% in PASS has previously been used to interpret the results as
clinically meaningful."® Based on this, our study results suggest
that the difference in KOOS QoL between groups may achieve
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Figure 1 Proportion of patients with acceptable knee function on the different subscales (PASS on KOOS) at baseline; 489 non-reconstructed
patients and 5,976 ACL-reconstructed patients. p<0.05 is statistically significant. The error bars represent the exact 95% Cl for the proportion of
patients reporting a KOOS above the PASS cut-off. Pairwise comparison between groups were determined based on the Fisher's exact test (two sided).
ACL, anterior cruciate ligament; ADL, activities of daily living; KOOS, Knee Injury and Osteoarthritis Outcome Score; PASS, patient acceptable symptom
state; QoL, quality of life; Sport & Rec, function in sport and recreation.

Diff(95%CI) 13.0 (9.2; 16.8) 2.3(-0.5:5.1) 10.0 (6.6; 13.4) 13.2 (9.4; 17.0) 25.4(21.7;29.1)
(%)
100

1 year
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Pain Symptoms ADL Sport&Rec QoL

H non-surgical treatment [ ACL reconstructed

Figure 2 Proportion of patients achieving acceptable knee function on the different subscales (PASS on KOOS) at 1 year after an ACL injury; 740
non-reconstructed patients and 4,018 ACL-reconstructed patients. A p<0.05 is statistically significant. The error bars represent the exact 95% Cl for
the proportion of patients reporting a KOOS above the PASS cut-off. Pairwise comparison between groups were determined based on the Fisher’s
exact test (two sided). ACL, anterior cruciate ligament; ADL, activities of daily living; KOOS, Knee Injury and Osteoarthritis Outcome Score; PASS,
patient acceptable symptom state; QoL, quality of life; Sport & Rec, function in sport and recreation.
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Diff(95%CI) 10.0 (5.6; 14.3) 1.7 (-1.2; 4.6) 5.3(1.2;9.4) 9.7 (5.4; 14.0) 16.9 (12.5;21.2)
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Figure 3  Proportion of patients achieving acceptable knee function on the different subscales (PASS on KOOS) at 2 years after an ACL injury; 614
non-reconstructed patients and 3,396 ACL-reconstructed patients. A p<0.05 is statistically significant. The error bars represent the exact 95% Cl for
the proportion of patients reporting a KOOS above the PASS cut-off. Pairwise comparison between groups were determined based on the Fisher's
exact test (two sided). ACL, anterior cruciate ligament; ADL, activities of daily living; KOOS, Knee Injury and Osteoarthritis Outcome Score; PASS,
patient acceptable symptom state; QoL, quality of life; Sport & Rec, function in sport and recreation.

Diff(95%CI) 6.5(0.5; 12.5) 1.8 (-1.9; 5.5) 7.9 (2.1; 13.6) 9.3 (3.4; 15.3) 11.0 (5.1; 16.9)
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100
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Figure 4 Proportion of patients achieving acceptable knee function on the different subscales (PASS on KOOS) at 5 years after an ACL injury; 329
non-reconstructed patients and 2,202 ACL-reconstructed patients. A p<0.05 is statistically significant. The error bars represent the exact 95% Cl for
the proportion of patients reporting a KOOS above the PASS cut-off. Pairwise comparison between groups were determined based on the Fisher’s
Exact test (2-sided). ACL, anterior cruciate ligament; ADL, activities of daily living; KOOS, Knee Injury and Osteoarthritis Outcome Score; PASS, patient
acceptable symptom state; Qol, quality of life; Sport & Rec, function in sport and recreation.
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Diff(95%CI) 19.0 (7.8; 30.2) 4.7 (-3.4;12.7) 11.5(0.7; 22.4) 18.2 (7.1;29.3) 24.8 (13.6; 36.0)
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Figure 5 Proportion of patients achieving acceptable knee function on the different subscales (PASS on KOOS) at 10 years after an ACL injury; 97
non-reconstructed patients and 584 ACL-reconstructed patients. A p<0.05 is statistically significant. The error bars represent the exact 95% Cl for the
proportion of patients reporting a KOOS above the PASS cut-off. Pairwise comparison between groups were determined based on the Fisher's exact
test (two sided). ACL, anterior cruciate ligament; ADL, activities of daily living; KOOS, Knee Injury and Osteoarthritis Outcome Score; PASS, patient
acceptable symptom state; Qol, quality of life; Sport & Rec, function in sport and recreation.

Diff(95%CI) o  -2.93 (-4.57; -1.30) -7.06 (-8.52; -5.58) -5.06 (-6.70; -3.42) -4.17 (-6.38; -1.93) -8.11 (-12.32; -3.73)
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Figure 6 KOOS, score from baseline and 1-year, 2-year, 5-year and 10year follow-ups for non-reconstructed patients and ACL-reconstructed
patients. A p<0.05 is statistically significant. The coloured boxes and bars express the median and 1st and 3rd quartile. The crosses and circles (in the
yellow and green boxes, respectively) express the mean KOOS, for the treatment groups. The crosses and circles below the box plots illustrate outliers.
ACL, anterior cruciate ligament; ADL, activities of daily living; KOOS, Knee Injury and Osteoarthritis Outcome Score; QoL, quality of life; Sport & Rec,
function in sport and recreation.
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clinical relevance favouring surgery at all follow-ups, while
Pain and Sport&Recreation achieved clinical relevance at the
1-year and 10-year follow-ups in particular. On the other hand,
the difference in KOOS,, a currently non-validated aggregated
KOOS used to determine overall knee function, between groups
never exceeded an estimated MIC of 9 points,"” suggesting
no clinically relevant differences between treatments. In addi-
tion, we acknowledge that many other factors influence treat-
ment decision-making after an ACL injury, such as cost-benefit,
adverse events, risk of post-traumatic osteoarthritis and patient-
choice. Therefore, while the results should be interpreted within
the context of these important decision-making factors, our
results suggest that ACL reconstruction may be associated with
clinically meaningful and favourable PROs compared with non-
surgical treatment. This is supported by the observation that the
largest difference at all follow-ups was observed in knee-related
QoL, where fewer than half the patients treated non-surgically
achieved a PASS until the 10-year follow-up.

Only a limited number of studies are available comparing
PROs after non-surgical treatment and ACL reconstruction,
where the majority comprise relatively small cohorts, have
short-term follow-ups and demonstrate conflicting results.* 8181
In line with the results of the current study, a previous study
from the SNKLR reported superior outcomes in knee-related
QoL and function in sports for patients undergoing ACL recon-
struction compared with patients treated non-surgically at
1 and 2 years of follow-up.® In addition, the patients treated
with ACL reconstruction reported superior knee-related symp-
toms and knee-related QoL at the 5-year follow-up compared
with non-surgically treated patients. However, Ardern et al®
analysed the KOOS continuously at all follow-ups and most
of the differences were not clinically relevant.® Conversely,
previous RCTs comparing treatments after ACL injury found
no meaningful difference, in patient-reported knee function
between non-surgical treatment and ACL reconstruction (early
or delayed) at the 2-year follow-up®?° and no difference at the
S-year follow-up.” However, approximately 50% of patients
randomised to the non-surgical group opted for delayed ACL
reconstruction,’ * leaving questions of why non-surgical treat-
ment was unsatisfactory for some patients. Additionally, the
results of the secondary analysis of the same RCT showed that
early ACL reconstruction may reduce the risk of developing
medial meniscal damage compared with optional delayed ACL
reconstruction (45% vs 53%).”! Grindem et al'® reported that
there are few differences in knee function, sports participation
and knee reinjury rate at the 2-year follow-up between surgically
and non-surgically treated patients following ACL injury, and is
in agreement with the results by Frobell et al.®® The divergence
in the results of available studies warrants further evaluation of
the topic. One possible explanation for the discrepancy between
the aforementioned studies and this study, where superior
results for ACL reconstruction are reported, could be related to
differences in the patient selection for surgical and non-surgical
treatment as a result of the study designs, as well as the larger
number of patients included in the current study. It should be
noted that studies on ACL reconstruction have reported mean
improvements in knee function at 1 and 2 years after ACL injury
compared with baseline, suggesting that both treatment options
are acceptable when it comes to improving knee function and
QoL in this population of patients.

The results of the current study also suggest that at least one
in three patients with an ACL injury, regardless of treatment,
does not achieve acceptable knee function. This indicates that
there is a great need for more research on treatments and their

outcomes to improve knee function and QoL for patients with
an ACL injury, as well as determining which patients will benefit
most from the individual treatments. It should be borne in mind
that, in the current study, the indications for treatment choice
are unknown and it is possible that this may have affected the
outcome. There is also a substantial difference in the number
of patients undergoing non-surgical treatment compared with
surgical treatment for an ACL injury in the SNKLR and the
results may be influenced by attrition bias, since many of the
non-surgically treated patients in Sweden have not been regis-
tered in the registry over the years.

To the best of our knowledge, this is the first large, prospec-
tive long-term registry study comparing non-surgical and surgical
ACL treatment cross-sectionally and using a patient-acceptable
threshold value to interpret the results from PROs. Nonetheless,
the current study is not without limitations. Unfortunately, the
results run the risk of confounding by indication, as there was no
information in the SNKLR related to the indications to why the
patients received the different treatments, or whether the patients
treated without ACL reconstruction had concomitant injuries
or underwent treatment for them. This limitation may be partly
reflected by the baseline differences, where patients treated with
ACL reconstruction reported superior knee function and a greater
proportion reported acceptable pain, symptoms and function in
ADL, compared with patients treated non-surgically. To increase
the total number of patients, we used cross-sectional cohorts at
all follow-ups and a greedy matching, where every patient treated
non-surgically was matched with nine patients who had under-
gone ACL reconstruction in terms of age, sex and type of activity
at ACL injury. This limits our opportunities to draw conclusions
with regards to the effect of the individual treatments. As the
matching procedure did not include KOOS follow-ups, there is
a risk for potential selection bias, where patient demographics
between groups were different at follow-ups. There was only a
small proportion of patients who had available outcomes at the
10-year follow-up, which is why results from this follow-up
should be considered with caution. One strength of this study was
the use of the PASS threshold, which facilitates the interpretation
of the proportion of patients that perceived their knee function
as acceptable, which most likely is clinically relevant. Patients
choosing non-surgical treatment are likely to have less demanding
goals for their activity level and may be satisfied with the current
state of their knee. However, there is no known PASS threshold
for non-surgical treatment, therefore, applying the Muller et al’s'
thresholds to this group may have resulted in under- or over-
estimating the proportion of non-surgically treated patients who
were satisfied with their knee function. In addition, it is important
to note that the PASS threshold is a cut-off determined on patients
1-6 years after ACL reconstruction. Subsequently, it is possible
that what patients perceive as acceptable knee function in close
proximity after the ACL injury and in the long term differ, that is,
baseline/presurgical follow-up, 10-year follow-up and especially
for the non-surgically treated patients.'? It is also important to note
that receiver operating characteristics thresholds are only accurate
when 50% achieve the outcome of interest.” In the reference
study by Muller et al,'* almost 90% of individuals achieved PASS,
which introduces bias into these calculations. Preferably, in future
studies, the PASS thresholds should be calculated on the patients,
both non-surgical and ACL-reconstructed patients, in the actual
study as a part of the PRO assessment. In addition, data on body
mass index, concomitant injuries and surgical treatment other than
ACL reconstruction were not known in the non-surgically treated
group. The matching was based on patient characteristics, inde-
pendent of follow-ups, meaning that there could be differences
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between the two treatment groups at each follow-up. However,
the large number of patients should have reduced the effect of
this limitation.

CONCLUSIONS

A significantly greater proportion of patients treated with ACL
reconstruction reported acceptable knee function, including QoL,
compared with patients treated non-surgically after an ACL injury
at cross-sectional evaluations up to 10 years after treatment. Patients
with an ACL reconstruction consistently had a greater proportion
exceeding the PASS cut-offs on all KOOS subscales, apart from the
symptom subscale, at all follow-ups, with significant differences up
to 25%. The results of this study should be interpreted in the light
of the potential limitations including, but not limited to, attrition
bias, selection bias and the unknown proportion of non-surgically
treated patients registered in the SNKLR.

What is already known on this topic

= Both non-surgical and surgical treatments are accepted
treatment options after anterior cruciate ligament (ACL)
injury.

= The choice of surgical or non-surgical treatment should be
reached via a shared decision-making process that considers
the patient’s presentation, goals and expectations as well
as a balanced presentation of the available evidence-based
literature.

What this study adds

= This observational study suggests that a greater proportion of
patients treated with ACL reconstruction exceeded the Knee
Injury and Osteoarthritis Outcome Score (KOOS) threshold
associated with Patient Acceptable Symptom State (PASS), at
all follow-ups, compared with patients treated non-surgically
up to 10 years after an ACL injury.

= The ACL-reconstructed group reported a superior KOOS,, a
proxy for overall knee function, at all follow-ups, compared
with the non-surgical group.

= To the best of our knowledge, this is the first large,
prospective long-term registry study comparing non-surgical
treatment with ACL reconstruction after an ACL injury in
a cross-sectional manner and using a patient-acceptable
threshold value to interpret the results of patient-reported
outcomes, but it is unknown whether this difference is
clinically relevant.

How this study might affect research, practice or policy

= This study confirms that both non-surgical and surgical
treatments after ACL injury are widely accepted with the
potential to restore satisfactory knee joint function.

= The use of PASS to interpret patient-reported outcomes may
help clinicians understand the prognostics and outcome after
ACL injury.

= The results of the current study suggest that at least one in
three patients with an ACL injury, regardless of treatment,
does not achieve acceptable knee function. This indicates a
need for more research on treatments and their outcomes to
improve knee function and quality of life for patients with an
ACL injury, as well as determining which patients will benefit
most from the individual treatments.
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