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ABSTRACT

Objective To describe the nationwide population of
anterior cruciate ligament (ACL) injured patients initially
managed non-operatively, quantify the proportion
undergoing delayed ACL reconstruction (ACLR) and
describe both intraoperative findings and patient-
reported outcomes.

Methods Primary ACL injuries treated non-operatively
were prospectively registered in the Norwegian Knee
Ligament Register (2017-2023). We collected baseline
characteristics, injury details, surgical details if delayed
ACLR was performed and patient-reported outcomes
(Knee injury and Osteoarthritis Outcome Score, KOQOS).
Treatment survival was analysed with Kaplan-Meier
curves, and factors associated with ACLR were assessed
with Cox regression.

Results Of 485 patients included (mean age at injury
(SD) 35 (12), 25%<25 years), 93% (n=452) were
physically active in sports preinjury. At 2 years, 63%
remained non-operatively treated. Of the delayed ACLR
patients (n=178), 56% underwent concurrent meniscal
repair, and 18% partial resection. Instability was the
main reason for ACLR (85%). Patients younger than 25
years, those active in pivoting sports preinjury and those
with meniscal injuries at baseline were more likely to
undergo delayed ACLR (HR (95% Cl) 1.95 (1.2 to 3.2),
1.54 (1.1t0 2.2) and 1.63 (1.2 to 2.2), respectively.
Both non-operative and delayed ACLR patients showed
moderate impairment on KOOS Sport/Recreation

and Quality of Life subscales at 2-year follow-up

(mean scores 69.8 vs 61.0 and 68.6 vs 63.4), with no
statistically significant between-group differences.
Conclusion In this active population of ACL injured
patients treated non-operatively, two-thirds remained
non-operatively treated at 2 years. Younger patients,
those engaged in pivoting sports preinjury and those
with baseline meniscal injuries had higher risks of
undergoing delayed ACLR. KOOS scores were similar
between non-operative and delayed ACLR patients.
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INTRODUCTION

Anterior cruciate ligament (ACL) injury signifi-
cantly impairs knee function and quality of life
(QoL), regardless of treatment.' > The choice
between operative and non-operative treatment
remains a fundamental challenge and depends on
a total evaluation including patient age, activity
profile, associated injuries, personal preferences

.2 Rune Bruhn Jakobsen,'?
Anne Marie Fenstad,* Andreas Persson,*” Lars Engebretsen

%> Havard Moksnes,’

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Both operative and non-operative treatment are
common and accepted options after anterior
cruciate ligament (ACL) injury, yet randomised
controlled trials show that approximately 50%
of patients eventually undergo reconstruction
after initial non-operative treatment.

= Evidence on characteristics and outcomes
of non-operatively treated patients in real-
world settings is lacking, leaving informed
shared decision-making and clear treatment
recommendations a challenge.

WHAT THIS STUDY ADDS

= This is the first large-scale prospective cohort
in a national registry to include and report
detailed data on non-operatively treated ACL
injuries in a generally active adult population.

= At 2 years, two-thirds of selected patients
remained non-operatively treated. Young
patients (<25 years), those engaged in pivoting
sports pre-injury, and those with additional
meniscal injuries at baseline were more likely
to undergo delayed ACL reconstruction (ACLR),
primarily due to knee instability. This indicates
that patient injury characteristics are important
in guiding management.

= Patient-reported outcomes revealed no
difference between non-operatively treated and
delayed ACLR patients. The findings suggest
that non-operative treatment with an option of
delayed ACLR is a viable treatment option for
selected ACL-injured patients.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICES OR POLICY

= Non-operative treatment outcomes should be
included in patient information when discussing
treatment options for ACL injury.

= Clinicians should be aware of the injury

characteristics most likely to require ACLR.

treatment is not well-defined and research is sparse,
despite an estimated 50% of Norwegian patients
being managed non-operatively.® * Although a
nationwide study from Denmark revealed no differ-
ence in age,’ other cohort studies have shown that
patients undergoing non-operative treatment are

and local treatment practices. Non-operative older and less active compared with the average
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ACLR patient.® Randomised controlled trials (RCTs) show
comparable outcomes following both treatment options, though
half of non-operatively treated patients eventually undergo ACL
reconstruction (ACLR).”'® While some cohort studies suggest
delayed ACLR may increase the risk of meniscal and cartilage
injuries,"™ evidence beyond the few RCTs is based on small
prospective cohorts or retrospective studies prone to bias.'® !’

The knowledge gap regarding non-operative treatment for
ACL injuries limits our understanding of its associated risks
and outcomes and hampers clinicians’ ability to identify which
patients will benefit from non-operative management. Since
neither treatment option achieves optimal outcomes for all
patients, more information about non-operative management is
needed to support evidence-based treatment recommendations
and informed shared decision-making.

National knee ligament registers provide extensive ACLR
data. There has been a longstanding call to include non-
operatively treated patients in such registries to better under-
stand their outcomes, predictors for treatment success and
reasons for delayed ACLR."™ ' In 2017, the Norwegian Knee
Ligament Register (NKLR) expanded to allow for inclusion of
ACL injured patients opting for non-operative treatment. In this
paper, our primary aim was to describe baseline characteristics
and patient-reported outcomes among patients initially managed
without surgery within the NKLR. Our secondary aims were
to (1) determine the 2-year proportion of delayed ACLR and
describe associated meniscal injuries, (2) compare characteris-
tics and outcomes between non-operative patients and those
who later underwent ACLR and (3) examine whether sex, age,
activity level and meniscal injury were associated with conver-
sion to surgery.

METHODS

Study design

This prospective cohort study was planned before the first
non-operated patient was included in NKLR, adhering to the

STROBE (Strengthening the Reporting of Observational studies
in Epidemiology) guidelines for cohort studies.*’

Setting

The NKLR has recorded ACLRs in Norway from 2004, covering
nearly 90% of all ACLRs nationwide through surgeon-reported
data.”! Patient-reported outcomes are collected using the Knee
injury and Osteoarthritis Outcome Score (KOOS) at baseline and
2, 5 and 10 years after ACLR.**** In 2017, a new electronic
‘ACL injury’ form was created to allow for inclusion of non-
ACLR patients, mirroring the ‘ACLR form’ but replacing surgical
details with preinjury activity level and detailed MRI findings of
concomitant injuries. An electronic version of KOOS was also
integrated, replacing mail-based forms with complete digital
collection of both surgeon-reported and patient-reported data.
These updates enabled orthopaedic surgeons and specialised
trained physiotherapists to voluntarily register non-operatively
treated ACL injured patients. By linking records to the patient’s
unique national identification number, any subsequent ACLR
is tracked. Registration of ACL injuries was voluntary, unlike
the mandatory registration of ACLRs, thus limiting coverage to
registered cases. KOOS was administered following established
routines for ACLR patients, where response rates typically reach
60%.>! Due to a system error affecting the digital KOOS distri-
bution between 2017 and 2020, some non-ACLR patients did
not receive the 2-year questionnaire.

Participants

Patients with a clinically and radiologically confirmed primary
ACL injury to the index knee, registered in the NKLR between 1
June 2017 and 31 December 2023, were assessed for eligibility.
We included patients registered within 12 months postinjury.
Non-operative treatment was defined as not undergoing ACLR
within 3 months of injury and included only patients intending
to pursue non-operative management. We excluded paediatric
patients, posterior cruciate ligament injuries, those initially

Cruciate ligament injury
included in the NKLR
(2017-2023), n=696

v

Eligible for analyses n=543

Assessed for eligibility

v

§ v

% Included and analyzed n=485
=

o

; v VL

2 ACLR No ACLR
=2 n=178 n=307

Figure 1

v

Excluded, n= 153

PCL injury (n=16)

No ACL injury (n=4)

Duplicates (n=14)

Females <14 years of age (n=8)
Males <16 years of age (n=9)
Included in a concurrent RCT (n=102)

Excluded due to time criteria, n=58
> 12 months from injury to inclusion (n=19)

< 3 months from injury to ACLR (n=39)

Flow diagram over the study selection procedure. ACL, anterior cruciate ligament; ACLR, anterior cruciate ligament reconstruction; NKLR,

Norwegian Knee Ligament Register; PCL, posterior cruciate ligament; RCT, randomised controlled trial.
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scheduled for surgery (defined as primary ACLR within 90 days
of injury), those presenting >12 months after injury and partici-
pants in an ongoing register-based RCT (figure 1).

Data collection, variables and outcome measures

At inclusion, baseline demographics (age, sex) were automati-
cally generated by the personal identification number, while
patients reported their height, weight, date of injury, preinjury
activity level and activity at the time of injury. Activity level
was categorised according to Hefti et al’s classification® into
highly-pivoting, less-pivoting or non-pivoting sports, adapted
for Norwegian sports.”® Patients also completed KOOS at inclu-
sion, and then at predefined intervals following both non-ACLR
and ACLR, with electronic reminders if the questionnaire was
unanswered after 3 months. The treating surgeon or physiother-
apist filled out the ACL injury form designed for non-operative
patients, which included history of previous knee injuries,
the degree of knee hyperextension and detailed MRI findings
including (1) presence, location and type of meniscal tears,
(2) presence, degree and additional brace treatment of medial
and lateral collateral ligament (MCL and LCL) injuries and
(3) presence and location of cartilage injuries. In the event of
subsequent surgery, ACLRs are captured through the mandatory
NKLR registration and linked to the patient’s original record via
their personal ID number. The surgeon documents the reason
for ACLR, surgical technique details and intraoperative findings
immediately after surgery. Outcome measures used in this study
were ACLRs and the validated KOOS questionnaire for patient-
reported outcomes.

Statistical analysis

Statistical analyses were performed using Stata SE V.17
(StataCorp LLC, College Station, Texas, USA), adhering to
CHAMP (CHecklist for statistical Assessment of Medical
Papers) guidelines.”” Descriptive statistics were presented with
mean (SD) for normally distributed continuous variables, and
median (IQR) for non-normally distributed data. Normality
was assessed using Shapiro-Wilk tests and q—q plots.”® Categor-
ical variables were reported as count (n) and percentages (%).
Survival of non-ACLR treatment was analysed with Kaplan-
Meier curves including stratification by preinjury activity level,
and the difference between activity levels was tested with the
log-rank test. Non-operated patients were followed until ACLR,
death, emigration or until 31 December 2023. We performed
Cox multivariate regression analysis to assess the association
between selected variables that potentially could influence the
need for ACLR. Concomitant meniscal injuries were included as
a dichotomous independent variable, and all assumptions for the
Cox regression analysis were met. All tests were two-sided and
p values <0.05 were considered statistically significant. Baseline
differences between ACLR and non-ACLR patients were exam-
ined using descriptive statistics, and Student’s t-test was used to
test the difference in KOOS between groups. Missing variables
were excluded from the analyses (without imputation), and the
amount of missing data is specified in the separate analyses if
>59% missing.

Patient and public involvement

A user representative from the NKLR was involved in the
registry development including the expansion to include all ACL
injuries.

Equity, diversity and inclusion

The study population represents a previously understudied and
heterogeneous group of ACL-injured patients, included regard-
less of demographics, insurance or healthcare setting. The find-
ings are relevant and generalisable to populations using similar
treatment algorithms. The research group consisted of members
of both genders, with women as first and last authors, junior and
senior researchers and clinicians, representing diverse disciplines
across multiple sites.

RESULTS

Baseline characteristics

We included 485 patients with a primary ACL injury (figure 1).
Mean (SD) age at injury was 35 (12) years, with 25% (n=122)
of patients younger than 25 years old (table 1). The majority
of patients (93%, n=452) were physically active in sports prior
to injury, 36% in Level 1 pivoting sports. Alpine sports and
soccer were the most frequently reported activities at the time
of injury. Of all patients, 40% (n=193) had isolated ACL inju-
ries, while meniscal and MCL injuries were the most frequently
reported additional injuries. The KOOS sport/recreation and
QoL subscales had the lowest scores of all subscales at baseline
(online supplemental table 1).

Outcomes after initial non-operative treatment

Kaplan-Meier analysis showed that 63% of patients remained
non-operatively treated at 2 years (CI 58% to 67%) (figure 2).
At study completion (mean follow-up 3.3 years), 307 of the
485 included patients remained non-operatively treated while
178 patients had undergone ACLR. Those who remained non-
operated were older, less active in Level 1 pivoting sports and
had fewer meniscal injuries at baseline compared with ACLR
patients (table 2). Patient-reported outcomes revealed similar
outcomes at 2-year follow-up, despite slightly lower baseline
scores in the delayed ACLR group (figure 3) (online supple-
mental table 1 and 2).

ACL reconstructions and additional injuries

A significantly higher proportion of patients active in Level 1
pivoting sports before injury underwent ACLR (52%) compared
with those in less pivoting or non-pivoting sports (Level 2—4)
(figure 4). Cox regression analysis showed that younger patients,
those engaged in Level 1 activities prior to injury and those with
meniscal injuries at baseline had a statistically significant higher
hazard for undergoing subsequent ACLR compared with older
patients, those active in non-pivoting sports and those with
isolated ACL injury (table 3). Among patients who eventually
underwent ACLR, the reason for reconstruction was available
for 49% (n=88). Knee instability was the most frequently cited
reason for surgery (85%, n=75), while meniscal injuries were
reported as the main reason in 11% (n=10) of patients (table 4).
The most common types of meniscal tears found at arthros-
copy were ramp lesions, longitudinal tears and lateral posterior
root tears. Among those who underwent ACLR, 56% (n=100)
patients had concurrent meniscal repair of one or both menisci.
Cartilage injuries were described in 35% (n=63) of ACLR
patients, with International Cartilage Regeneration and Joint
Preservation Society (ICRS) grade 1-2 being the most common.

DISCUSSION

This nationwide cohort study revealed that a diverse patient
population opted for non-operative treatment. At 2 years,
63% remained non-operatively treated. Younger patients, those
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Table 1 Baseline patient characteristics
Initial non-operative treatment decided
(n=485)
Sex N (%)
Female 274 (56)
Male 211 (44)
Age at injury (years)
Mean (SD) 35.2(12)

Median (range), IQR

Age intervals at inclusion
(years)

<25

25-34

35-44

>45
Height (cm), mean (SD)
Weight (kg), mean (SD)
BMI (kg/mz), mean (SD)
Non-smokers
Non-tobacco users

Time from injury to inclusion
(days)

Median (min-max), IQR
Total follow-up time (days)

Mean (SD)

Median (min-max), IQR
Activity level preinjury

Level 1 (highly pivoting eg,

soccer)

Level 2 (less pivoting eg,

alpine skiing)

Level 3 (non-pivoting eg,

running)

Level 4 (low activity level)
Activity at time of injury

Alpine sports

Soccer

Handball

Other team sports (incl.
basketball)

Other sports*®
Fall, jump, violence, play

Unrelated to sports (work,
traffic)

Other

Previous surgery on ipsilateral
knee

Previous ACL injury on
contralateral knee

Degree of knee hyperextension
(n=335)

<5degrees
5-10degrees
>10degrees
Injury details (MRI)
Isolated ACL injury
ACL injury and other injuries
Meniscal injury
Medial only
Lateral only
Both

34.5 (13.7-69.0), IQR 24.7-44.2

122 (25)
122 (25)
124 (26)
117 (24)
173.0 (9.3)
76.2 (15.8)
25.4 (4.4)
435 (90)
405 (84)

75.0 (0-357), IQR: 49-118

1202 (685)
1139 (9-2383), IQR: 619-1768

174 (36)

126 (26)

152 (31)

32(7)

140 (29)
114 (24)
27 (6)
20 (4)

78 (16)
60 (12)
26 (5)

20 (4)
13(3)

36 (7)

296 (88)
35(11)
4(1)

193 (40)
292 (60)
(n=193)
116 (61)
59 (30)
18 (10)

Continued

Table 1 Continued
Initial non-operative treatment decided
(n=485)
Type of teart Medial Lateral
Radial 15(13) 15 (25)
Longitudinal 28 (24) 16 (27)
Horizontal 15 (13) 5(8)
Anterior root 2(2) 0
Posterior root 5 (4) 12 (20)
Degenerative 11 (10) 3(5)
Bucket handle 8(7) 3(5)
Complex rupture 10 (9) 4(7)
Ramp lesion 22 (19) 1Q2)
Cartilage injury 22 (5)
Medial collateral ligament 120 (25)
injury#
Grade 1 45 (9)
Grade 2 58 (12)
Grade 3 13(3)
Brace treatment 54 (11)
Lateral collateral ligament injury 15 (3)
Grade 1 8(2)
Grade 2 6(1)
Grade 3 0
Brace treatment 8(2)

Variables are presented as count (%), unless reported otherwise. Sample size (n)
is specified when it differs from the total of 485, and reflects different timing of
introduction of certain selected variables added to the NKLR.

*Includes skiing, cycling, martial arts, floorball, ice-hockey, racket sports, volleyball,
skateboard, dancing and other physical activity

1% is calculated based on the total number of injuries to the medial (n=116) and
lateral (n=59) meniscus, respectively.

$MCL and LCL injuries are based on clinical examination.

ACL, anterior cruciate ligament; BMI, body mass index; LCL, lateral collateral
ligament; MCL, medial collateral ligament; NKLR, Norwegian Knee Ligament
Register.

engaged in Level 1 activities prior to injury and those with
meniscal injuries at baseline, had a statistically significant higher
risk of undergoing ACLR than their reference groups. KOOS
scores were similar between non-operative and delayed ACLR
patients.

Kaplan—Meier survival estimate

T T T  § & T
0 1 2 3 4 5 6 ¥ 4
Years to failure

| 95% Cl

Survivor function |

Figure 2 Kaplan-Meier survival curve for non-operative treatment,
presented with survival curve and 95% Cls.
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Table 2 Patient characteristics and outcomes by treatment group

ACLR (n=178)

Non-ACLR (n=307)

Patient characteristic
Sex
Female
Male
Age at injury (years), mean (SD)
BMI (kg/m?), mean (SD)
Preinjury activity level
Level 1 (highly pivoting)
Level 2 (less pivoting)
Level 3 (non-pivoting)
Level 4 (sedentary)
Baseline injury details
Activity at time of injury
Alpine sports
Soccer
Handball
Other team sports (incl. baskethall)
Other sports
Fall, jump, violence, play
Unrelated to sports (work, traffic)
Other
Time from injury to inclusion (days)
Mean (SD)
Median
Isolated ACL injury
ACL and other injuries
Meniscal injury
Medial
Lateral
Both
Type of tear
Radial
Longitudinal
Horizontal
Anterior root
Posterior root
Degenerative
Bucket handle
Complex rupture
Ramp lesion
Cartilage injury
No
Yes
Medial collateral ligament injuryt
Grade 1
Grade 2
Grade 3
Lateral collateral ligament injury**
Grade 1
Grade 2
Grade 3
KOOS, mean (95% Cl)
Sport and recreation
Quality of Life

94 (53)
84 (47)
32.3(11.8)
25.3(SD 4)

82 (46)
38(21)
50 (28)
8(5)

(n=178)
38 (21)
60 (34)
12 (7)

9 (5)

23 (13)
21(12)
6(3)

9 (5)

94.5 (59)

77 (IQR: 54-117)
70 (39)

108 (61)

82 (46)

47

22

13

Medial (n=49)
8

15

7

N N B W W o

166 (94)
10 (6)
n=37

n=102
34 (29-39)
30 (26-34)

Variables are presented as count (%), unless reported otherwise.
*Includes skiing, cycling, martial arts, floorball, ice-hockey, racket sports, volleyball, skateboard, dancing, and “other physical activity”

tGrade not documented; n=2.

Lateral (n=27)

O W N O 0O N OO

180 (59)
127 (41)
36.9 (12)
25.4 (SD 4.5)

92 (30)
88 (29)
102 (33)
24 (8)

(n=303)
102 (33)
54.(18)
15 (5)
11 (4)
49 (16)
39(13)
19 (6)
14 (5)

90.7 (67)

72 (IQR: 45-119)

123 (40)

184 (60)

108 (35)

69

34

5

Medial (n=67) Latera I(n=32)
7 9
13 10
8 3

— 00 H~ 00 NN

(S,
- = = w » o

295 (96)
12 (4)
n=83

28

42

1"

n=11

6

5

0

n=201

40 (36-43)
40 (37-43)

ACL, anterior cruciate ligament; ACLR, anterior cruciate ligament reconstruction; BMI, body mass index; KOOS, Knee Injury and Osteoarthritis Outcome Scale.

Kooy CEVW, et al. Br J Sports Med 2025;0:1-9. doi:10.1136/bjsports-2025-109890

saibojouyoal Jejiwis pue ‘Bulurey | ‘Buiuiw elep pue 1xa) 01 pale|al sasn 1o} Buipnjoul ‘1ybliIAdoo Aq paloaloid
‘usbiag Jo AlsiaAluN 18 GZ0Z ‘62 1800100 uo /wod fwg wslg//:dily wouy papeojumoq "5Z0Z 1890100 ST U0 06860T-G202-S10ds[g/9eTT 0T Sk paystignd 1siiy :paiN suods [ ig


http://bjsm.bmj.com/

Original research

A | Sport & Recreation

100 mm ACLR 100
1 Non-operated
80 il; 80
- Sl - T mh
40+ 40
20 20—
0 T 0 T

|
Baseline 2 year 5 year

B Quality of life

Baseline 2 year 5 year

Figure 3 Patient-reported outcomes measured by KOOS at inclusion (baseline) for all, and then at 2 and 5 years after non-operative treatment
or ACLR, respectively. Presented with mean and 95% Cls. 0 represents worst and 100 represents optimal knee function. (A) Sport and recreation
subscale, (B) quality of life subscale. The only statistically significant difference between ACLR and non-surgical patients was the baseline QoL score
(p<0.001). ACLR, anterior cruciate ligament reconstruction; KOOS, Knee injury and Osteoarthritis Outcome Score; QoL, quality of life.

Non-operatively treated patients
This study demonstrates that patients undergoing non-operative
treatment represent all age groups and are typically active prein-
jury. The patients were on average older than those undergoing
ACLR in the NKLR (35 vs 28 years) and likely represented a
less high-risk patient group. Nevertheless, one-fourth were
younger than 25 years old, and approximately 1 in 3 were
active in pivoting sports preinjury. Despite Norwegian guide-
lines recommending early ACLR for patients with concomitant
injuries requiring surgery and those returning to pivoting sports
or physically demanding jobs,” *° 36% of patients in our study
were active in Level 1 sports preinjury—an unexpected finding
for a non-operative group. Although not explained by our data,
we may speculate that these reflected a low-intensity of partici-
pation or a willingness to modify their activity level after injury
in order to avoid surgery and further knee injury.

The Swedish national knee registry, the only other registry
with published data on non-operatively treated patients, reports

Kaplan—Meier survival estimates

(\! -
o
T T T T T T T T
0 1 2 3 4 5 6 74
Years to failure
95% ClI 95% ClI 95% ClI
—==——rPivoling: Sesesmie Less pivoting — — — No pivoting

Figure 4 Kaplan-Meier survival curve for non-operative treatment,
stratified by activity level prior to injury, presented with survivor
function and 95% Cls. Log-rank test: p value <0.001.

a younger and more male-dominated cohort with shorter
time to ACLR compared with the Norwegian cohort.’! These
differences may reflect that a proportion of their patients were
initially scheduled for surgery and not truly intended for non-
operative treatment. Other prospective studies have described
small, selected populations®* ** providing less generalisable find-
ings compared with our larger, unselected cohort.

Most non-operatively treated patients remain non-operated
after two years

Our findings support that when non-operative treatment is
selected as the initial approach, nearly two-thirds of patients
remain non-ACLR at short-term follow-up—63% at 2 years in

Table 3  Cox regression analysis exploring the association between
risk factors and delayed ACLR

HR (95% CI) P value
Sex
Male 1 (ref.)
Female 0.88 (0.6 t0 1.2) 0.399
Age (years)
<25 1.95(1.2t03.2) 0.006
25-34 1.45 (0.89 to 2.36) 0.136
35-44 1.54 (0.96 to 2.47) 0.075
>45 1 (ref.)
Pre-injury activity level
Level 1 1.54 (1.1 t0 2.2) 0.02
Level 2 0.98 (0.65 to 1.48) 0.919
Levels 3 and 4 1 (ref.)
Meniscal injury at baseline
Yes 1.63(1.2t02.2) 0.001
No 1 (ref.)

Variables are presented as count (%), unless reported otherwise. N is specified if it
differs from the total of 178 (due to the different timing of introduction of certain

variables added to the NKLR).

ACLR, anterior cruciate ligament reconstruction; NKLR, Norwegian Knee Ligament
Register.
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Table 4 Surgical details for those who underwent ACLR (n=178)

Reason for ACLR (n=88)
Meniscal injury 10 (11)
Combined instability 7(8)

Instability in ADL 45 (51)
Instability in sports 23 (26)
Activity level as indication for ACLR 3(3)
Other 0

Physical therapy prior to surgery (n=88) 87 (99)

Age at ACLR
Mean (SD) 33(12)

Median, IQR 32,23-43

Time (days) from primary ACL injury to surgery
Median, IQR 225, 160-375

Time (days) from inclusion to surgery
Median, IQR 139, 75-262

Graft choice
BPTB autograft 147 (83)

Hamstring autograft 18 (10)
Quadriceps tendon autograft 13(7)

Overall meniscal injury and/or procedure
None 62 (35)

Medial meniscus 92 (52)
Lateral meniscus 68 (38)
Both meniscus 44 (25)

Type of meniscal tear Medial (n=82) Lateral (n=57)
Radial 1(1) 6(11)
Longitudinal 18 (22) 22 (39)
Anterior root 0 2 (4)
Posterior root 1(1) 19 (33)
Degenerative 12 (15) 6(11)
Bucket handle 11(13) 2 (4)
Complex 4 (5) 0
Ramp lesion 35 (43) 0

Meniscal procedure®
Suture 75 (42) 51 (29)
Resection (partial) 16 (9) 16 (9)

Cartilage injury
No injury 115 (65)

ICRS 1-2 43 (24)
ICRS 3-4 20 (11)

Cartilage procedure (debridement)t 10 (5)

MCL reconstruction 3(Q2)

LCL reconstruction 0

Variables are presented as count (%), unless reported otherwise. N is specified if it
differs from the total of 178 (due to the different timing of introduction of certain
variables added to the NKLR).

*26 patients had sutures and 3 patients had resection on both menisci.

tNo microfractures or other procedures were reported.

ACL, anterior cruciate ligament; ACLR, anterior cruciate ligament reconstruction;
ADL, activities of daily living; BPTB, bone-patellar tendon-bone; ICRS, International
Cartilage Regeneration and Joint Preservation Society; LCL, lateral collateral
ligament; MCL, medial collateral ligament; NKLR, Norwegian Knee Ligament
Register.

our cohort, which is comparable to the Delaware-Oslo cohort’s
nearly 70%.%* RCTs also report that 40-50% of patients
assigned to initial non-operative treatment are reconstructed
within 2 years.”” The slightly higher proportion of ACLR
in these trials may be explained by selection bias (excluding
surgery-averse patients) and thorough RCT follow-up, which

might have facilitated cross-over to surgery. Also, the the Knee
Anterior Cruciate Ligament, Nonsurgical versus Surgical Treat-
ment (KANON) (n=59) and the Conservative versus Operative
Methods for Patients with ACL Rupture Evaluation (COMPARE)
(n=82) trials included younger populations and reported slightly
higher preinjury activity levels compared with our cohort. This
difference, however, disappears in our subgroup analyses, where
nearly 50% of the patients under 25 years in our cohort and
those active in Level 1 pivoting sports underwent ACLR. In
summary, our findings support that when non-operative treat-
ment is selected as the initial approach, nearly two thirds of
patients remain non-ACLR at short-term follow-up.

Factors associated with delayed ACLR

Determining whether ACLR or rehabilitation alone is optimal for
a given patient remains a key clinical challenge, and prediction
models still show limited accuracy.**¢ Our findings that age and
activity level are associated with higher ACLR rates align with
previous research.**?” *® While many potential predictive factors
have been studied, only age and activity level are consistently
reliable indicators for predicting ACLR after initial rehabilita-
tion."”” Studies of predictive factors require careful interpreta-
tion: their findings may reflect current clinical guidelines and
selection bias rather than true prediction, and they cannot
establish causation or explain why patients choose specific treat-
ments or achieve certain outcomes. When patients opt for ACLR
shortly after injury, which is often the case,*® their decisions may
reflect expectations, custom practice and fear rather than expe-
rienced knee instability.***’

Meniscal injuries

The risk of additional meniscal injury is a key concern that
often drives early ACLR recommendations,'**’ yet our findings
showed that knee instability, not meniscal injury, predominantly
drove the decision to undergo surgery. While arthroscopy during
ACLR revealed more meniscal injuries than baseline MRI, the
types and severity were similar. The proportion of meniscal
procedures in the delayed ACLR patients matched the overall
NKLR of 60%,*" supporting that delayed ACLR did not lead to
increased meniscal procedures compared with early ACLR at 2
years.*!

Why so many patients with MRI-verified meniscal injuries
(40%) underwent non-operative treatment in the first place
remains unclear, particularly given recent emphasis on meniscal
preservation. This may reflect minor injuries expected to heal,
MRI misclassification or misinterpretation. It may also indicate
a knowledge gap in how surgeons define or interpret ‘surgery-
demanding’ meniscal injuries in clinical guidelines, and in how
patient preferences influence the treatment choice. Despite the
mentioned limitations in our data, we found no evidence that
non-operative treatment leads to a concerning increase in severe
meniscal injuries.

Patient-reported outcomes

KOOS scores improved markedly from baseline, reaching
60-70/100 in the sport/recreation and QoL subscales at 2 years,
which is similar to scores seen in both non-operative and early
ACLR patients in previous RCTs.”® However, regardless of treat-
ment choice, patients’ reported knee function remained well
below normal values.***> While outcomes were similar between
treatment groups, KOOS may not adequately capture relevant
differences, such as knee instability—the main reason for delayed
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surgery in our study. We also lack crucial information on activity
level and patient satisfaction after non-operative treatment.

A highly clinically relevant question is whether outcomes are
worse for patients undergoing delayed ACLR as a result of ‘failed’
non-operative treatment, compared with those who remain
non-operative or have early ACLR. While RCTs show similar
outcomes between early ACLR and non-operative treatment
with the option of delayed ACLR, some observational studies
suggest potentially inferior outcomes with delayed ACLR—
though the clinical significance remains unclear.® *! ** Further
research specifically addressing the impact of delayed ACLR is
needed, yet initial rehabilitation rather than primary ACLR is
currently being recommended for many patients.* ** Our find-
ings of similar short-term outcomes between non-operative and
delayed ACLR patients do not contradict this approach.

CLINICAL AND RESEARCH IMPLICATIONS

When counselling ACL-injured patients, information should
include that with current treatment algorithms, two-thirds of
those treated non-operatively remain non-operatively treated at
2 years and patient-reported outcomes are similar for the patients
who stay non-operatively treated and those that undergo ACLR
later on. These findings suggest that non-operative treatment
with an option of delayed ACLR is a viable treatment option for
selected patients—typically those older and less active in level
one sports—though long-term follow-up is needed. Addition-
ally, patient-reported and surgeon-reported reasons for choosing
non-operative treatment should be incorporated into registry
updates. The low inclusion rate compared with ACLRs high-
lights the need to improve registry coverage of non-operative
cases, which could also support the development of future
prediction models.

STRENGTHS AND LIMITATIONS

To our knowledge, this represents the first and largest prospec-
tive cohort with such detailed data on non-operatively treated
ACL injured patients, in a real-world setting. The study was
planned as a descriptive cohort study ahead of the first inclusion
of non-operatively treated patients. The prospective longitudinal
design and systematic data collection within a well-established
ACL register enables nationwide comprehensive capture of non-
operatively treated patients and enhances the validity of our
findings.

Several limitations warrant consideration. First, our findings
should not be generalised to all ACL injured patients. This cohort
represents selected patients who received initial non-operative
treatment based on patient preference, surgeon recommendations
and likely influence from Norwegian clinical guidelines. As such,
the group consists of fewer high-risk patients compared with the
general, younger, ACLR population or elite-level athletes. Despite
this being a larger cohort than most non-operative studies, only a
limited fraction of initially non-operative patients was registered
during this period. Non-inclusion reasons can only be speculated,
but likely stem from voluntary registration for non-operative cases
versus mandatory reporting for reconstructions, plus limited health-
care personnel awareness of registration. The voluntary registration
recruited fewer patients than expected, given that about 13000
primary ACLRs were registered during this 7-year period. We can
speculate that patients with symptomatic ACL tears are more likely
to be referred from primary healthcare, while those managing well
may not and therefore are not included. However, additional selec-
tion bias is unlikely because very few patients decline participation in
the NKLR. A technical glitch prevented some patients from receiving

the KOOS questionnaire. Although affecting patients at random, it
resulted in lower response rates than expected and limits our avail-
able outcome data. These limitations precluded meaningful compar-
isons between non-operative and the general cohort in the NKLR
of operatively treated patients, but increased coverage will enable
future research in this area.

Using ACLR as an outcome measure has its limitations, as it is influ-
enced by patient and surgeon preferences. Although we excluded
patients with early ACLR to reduce misclassification bias, some
patients classified as crossing over from non-operative to surgical
treatment may have been intended surgical candidates from the
beginning. This underscores the need for clearer registration criteria
as conversion rates may be skewed toward a falsely high ACLR rate.

We do not have details on why or how non-operative treatment
was chosen. We speculate that the decision reflects existing Norwe-
gian guidelines and shared decision-making processes, but such
details are not captured in the NKLR. Although reasons for delayed
ACLR are reported and included in our analysis, these findings
should be interpreted cautiously as this variable was only added to
the registry in 2022, limiting availability to the most recent portion
of our cohort (n=88, 449%). Finally, we do not have data on what
the non-operative treatment contained, such as rehabilitation proto-
cols or adherence to it, which could influence both patient-reported
outcomes and ACLR conversion rates. Variables on rehabilitation,
return to sport and patient satisfaction have now been added to the
NKLR to inform future studies.

CONCLUSION

ACL injured patients registered in the NKLR and initially treated
non-operatively were generally active individuals (1 in 3 were active
in pivoting sports preinjury), with a mean age at injury of 35 years.
At 2-year follow-up, 63% remained non-operated. Younger patients,
those active in highly pivoting sports preinjury and those who had
signs of any type of meniscal injury on baseline MRI were more
likely to undergo ACLR compared with older patients, those with
lower activity levels and those without meniscal injuries, respec-
tively. Among those who eventually underwent ACLR, the main
reason for surgery was instability. The non-operatively treated and
ACLR patients had similar KOOS at 2 years. These findings suggest
that non-operative treatment with an option of delayed ACLR is a
sensible treatment option for selected ACL-injured patients.

Acknowledgements The authors would like to acknowledge the Norwegian Knee
Ligament Register (NKLR), all Norwegian orthopaedic surgeons and physiotherapists
for reporting to the NKLR, and for patient contributions regarding PROMs.

Contributors All authors have contributed and approved the final version of this
manuscript. The main and the mast author (CEVWK and GRE) are guarantors.

Funding The authors have not declared a specific grant for this research from any
funding agency in the public, commercial or not-for-profit sectors.

Patient and public involvement Patients and/or the public were not involved in
the design, or conduct, or reporting, or dissemination plans of this research.

Patient consent for publication Patients consented prior to inclusion in the
NKLR (based on written consent).

Ethics approval The NKLR was approved by the Norwegian Data Inspectorate
prior to initiation in 2004. An application detailing the proposed expansion of the
NKLR was approved by the Norwegian Data Inspectorate on 24 January 2017.
This study was approved by the South Eastern Regional Committee for Medical
and Health Research Ethics #793976 and the data protection officer at Akershus
University Hospital. Participants gave informed consent to participate in the study
before taking part.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement All data relevant to the study are included in the
article or uploaded as supplementary information.

Supplemental material This content has been supplied by the author(s). It
has not been vetted by BMJ Publishing Group Limited (BMJ) and may not have

8

Kooy CEVW, et al. Br J Sports Med 2025;0:1-9. doi:10.1136/bjsports-2025-109890

saibojouyoal Jejiwis pue ‘Bulurey | ‘Buiuiw elep pue 1xa) 01 pale|al sasn 1o} Buipnjoul ‘1ybliIAdoo Aq paloaloid
‘usbiag Jo AlsiaAluN 18 GZ0Z ‘62 1800100 uo /wod fwg wslg//:dily wouy papeojumoq "5Z0Z 1890100 ST U0 06860T-G202-S10ds[g/9eTT 0T Sk paystignd 1siiy :paiN suods [ ig


http://bjsm.bmj.com/

Original research

been peer-reviewed. Any opinions or recommendations discussed are solely those
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and
responsibility arising from any reliance placed on the content. Where the content
includes any translated material, BMJ does not warrant the accuracy and reliability
of the translations (including but not limited to local regulations, clinical guidelines,
terminology, drug names and drug dosages), and is not responsible for any error
and/or omissions arising from translation and adaptation or otherwise.

ORCID iDs

Caroline Emilie van Woensel Kooy http://orcid.org/0009-0004-4171-0727
Lars Engebretsen http://orcid.org/0000-0003-2294-921X

Guri Ranum Ekas http://orcid.org/0000-0002-3677-1101

REFERENCES

1

20

21

Filbay SR, Culvenor AG, Ackerman IN, et a/. Quality of life in anterior cruciate
ligament-deficient individuals: a systematic review and meta-analysis. Br J Sports Med
2015;49:1033-41.

Kvist J, Pettersson M. Knee-Related Quality of Life Compared Between 20 and 35
Years After an Anterior Cruciate Ligament Injury Treated Surgically With Primary Repair
or Reconstruction, or Nonsurgically. Am J Sports Med 2024;52:311-9.

Granan LP, Engebretsen L, Bahr R. Surgery for anterior cruciate ligament injuries in
Norway. Tidsskr Nor Laegeforen 2004;124:928-30.

Granan LP, Bahr R, Steindal K, et al. Development of a national cruciate ligament
surgery registry: the Norwegian National Knee Ligament Registry. Am J Sports Med
2008;36:308-15.

Melbye P, Gundtoft P, Lien-Iversen T, et al. Secondary surgeries 20 years after surgical
and non-surgical treatment of ACL rupture: A population-based cohort study. Knee
2022;35:1-7.

Urhausen AP, Pedersen M, Grindem H, et a/. Clinical, Functional, Sports Participation,
and Osteoarthritis Outcomes After ACL Injury: Ten-Year Follow-up Study of

the Delaware-Oslo ACL Cohort Treatment Algorithm. J Bone Joint Surg Am
2025;107:840-8.

Reijman M, Eggerding V, van Es E, et al. Early surgical reconstruction versus
rehabilitation with elective delayed reconstruction for patients with anterior cruciate
ligament rupture: COMPARE randomised controlled trial. BM/ 2021;372.

Frobell RB, Roos EM, Roos HP, et al. A randomized trial of treatment for acute anterior
cruciate ligament tears. N Engl / Med 2010;363:331-42.

Frobell RB, Roos HP, Roos EM, et al. Treatment for acute anterior cruciate ligament
tear: five year outcome of randomised trial. BMJ 2013;346.

Beard DJ, Davies L, Cook JA, et al. Rehabilitation versus surgical reconstruction for
non-acute anterior cruciate ligament injury (ACL SNNAP): a pragmatic randomised
controlled trial. Lancet 2022;400:605-15.

Prodromidis AD, Drosatou C, Mourikis A, et a/. Relationship Between Timing of
Anterior Cruciate Ligament Reconstruction and Chondral Injuries: A Systematic
Review and Meta-analysis. Am J Sports Med 2022;50:3719-31.

Prodromidis AD, Drosatou C, Thivaios GC, et al. Timing of Anterior Cruciate Ligament
Reconstruction and Relationship With Meniscal Tears: A Systematic Review and Meta-
analysis. Am J Sports Med 2021;49:2551-62.

Anderson AF, Anderson CN. Correlation of meniscal and articular cartilage injuries in
children and adolescents with timing of anterior cruciate ligament reconstruction. Am
J Sports Med 2015;43:275-81.

Granan L-P, Bahr R, Lie SA, et al. Timing of anterior cruciate ligament reconstructive
surgery and risk of cartilage lesions and meniscal tears: a cohort study based on the
Norwegian National Knee Ligament Registry. Am J Sports Med 2009;37:955-61.
Ralles S, Agel J, Obermeier M, et al. Incidence of Secondary Intra-articular Injuries
With Time to Anterior Cruciate Ligament Reconstruction. Am J Sports Med
2015;43:1373-9.

Filbay SR. Early ACL reconstruction is required to prevent additional knee injury:

a misconception not supported by high-quality evidence. Br J Sports Med
2019;53:459-61.

Ekas GR, Ardern CL, Grindem H, et a/. Evidence too weak to guide surgical treatment
decisions for anterior cruciate ligament injury: a systematic review of the risk of new
meniscal tears after anterior cruciate ligament injury. Br J Sports Med 2020;54:520-7.
Seil R, Mouton C, Theisen D. How to get a better picture of the ACL injury problem?
A call to systematically include conservatively managed patients in ACL registries. Br J
Sports Med 2016;50:771-2.

Arp K, Nedermark J, Ingwersen KG, et al. Which patients need anterior cruciate
ligament reconstruction after initial treatment with rehabilitation? A scoping review.
Knee Surg Sports Traumatol Arthrosc 2025;33:500-12.

Elm E von, Altman DG, Egger M, et al. Strengthening the reporting of observational
studies in epidemiology (STROBE) statement: guidelines for reporting observational
studies. BMJ 2007;335:806-8.

Norwegain knee ligament register. Annual report. 2024. Available: https://www.
helse-bergen.no/48d1eb/contentassets/9f19d57711ee4e60815d6h89e8e8472b/
report2024.pdf

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

4

42

43

44

45

46

Roos EM, Roos HP, Lohmander LS, et al. Knee Injury and Osteoarthritis Outcome Score
(KOOS)--development of a self-administered outcome measure. J Orthop Sports Phys
Ther 1998;28:88-96.

Roos EM, Roos HP, Ekdahl C, et al. Knee injury and Osteoarthritis Outcome Score
(KOOS)--validation of a Swedish version. Scand J Med Sci Sports 1998;8:439-48.
Register TNA. Norwegian KOOS, version LK1.0,. 2007. Available: https://www.
diakonhjemmetsykehus.no/499769/siteassets/seksjon/nkrr/documents/koos-
norwegian_skjema.pdf

Hefti F, Miller W, Jakob RP, et al. Evaluation of knee ligament injuries with the IKDC
form. Knee Surg Sports Traumatol Arthrosc 1993;1:226-34.

Grindem H, Eitzen |, Moksnes H, et al. A pair-matched comparison of return

to pivoting sports at 1 year in anterior cruciate ligament-injured patients

after a nonoperative versus an operative treatment course. Am J Sports Med
2012;40:2509-16.

Mansournia MA, Collins GS, Nielsen RO, et al. A CHecklist for statistical Assessment of
Medical Papers (the CHAMP statement): explanation and elaboration. Br J Sports Med
2021;55:1009-17.

Vetter TR. Fundamentals of Research Data and Variables: The Devil Is in the Details.
Anesth Analg 2017;125:1375-80.

Diermeier T, Rothrauff BB, Engebretsen L, et al. Treatment after anterior cruciate
ligament injury: Panther Symposium ACL Treatment Consensus Group. Knee Surg
Sports Traumatol Arthrosc 2020;28:2390-402.

Norwegian Knee Ligament Register, Norwegian Arthroscopy Association. Best clinical
practice: acl injury 2022. 2022. Available: https://www.helse-bergen.no/nasjonalt-
kvalitets-og-kompetansenettverk-for-leddproteser-og-hoftebrudd/anbefalinger-og-
retningslinjerfnasjonalt-korshandregister

Persson K, Bergerson E, Svantesson E, et al. 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. Br
J Sports Med 2022;56:862-9.

Grindem H, Eitzen |, Engebretsen L, et al. Nonsurgical or Surgical Treatment of ACL
Injuries: Knee Function, Sports Participation, and Knee Reinjury: The Delaware-Oslo
ACL Cohort Study. J Bone Joint Surg Am 2014;96:1233-41.

Moksnes H, Engebretsen L, Eitzen |, et al. Functional outcomes following a non-
operative treatment algorithm for anterior cruciate ligament injuries in skeletally
immature children 12 years and younger. A prospective cohort with 2 years follow-up.
BrJ Sports Med 2013;47:488-94.

Grindem H, Wellsandt E, Failla M, et a/. Anterior Cruciate Ligament Injury—Who
Succeeds Without Reconstructive Surgery? The Delaware-Oslo ACL Cohort Study.
Orthop J Sports Med 2018;6:2325967118774255.

Martin RK, Wastvedt S, Pareek A, et al. Predicting Anterior Cruciate Ligament
Reconstruction Revision: A Machine Learning Analysis Utilizing the Norwegian Knee
Ligament Register. J Bone Joint Surg Am 2022;104:145-53.

Eastlack ME, Axe MJ, Snyder-Mackler L. Laxity, instability, and functional outcome
after ACL injury: copers versus noncopers. Med Sci Sports Exerc 1999;31:210-5.
Grevnerts HT, Sonesson S, Gauffin H, et a/. Decision Making for Treatment After

ACL Injury From an Orthopaedic Surgeon and Patient Perspective: Results From the
NACOX Study. Orthop J Sports Med 2021;9.

van der List JP, Hagemans FJA, Hofstee DJ, et a/. The Role of Patient Characteristics in
the Success of Nonoperative Treatment of Anterior Cruciate Ligament Injuries. Am J
Sports Med 2020;48:1657-64.

Swirtun LR, Eriksson K, Renstrdm P. Who chooses anterior cruciate ligament
reconstruction and why? A 2-year prospective study. Scand J Med Sci Sports
2006;16:441-6.

Sanders TL, Kremers HM, Bryan AJ, et al. Is Anterior Cruciate Ligament Reconstruction
Effective in Preventing Secondary Meniscal Tears and Osteoarthritis? Am J Sports Med
2016;44:1699-707.

van der Graaff SJA, Reijman M, van Es EM, et al. Meniscal procedures are not
increased with delayed ACL reconstruction and rehabilitation: results from a
randomised controlled trial. Br J Sports Med 2023;57:78-82.

Baldwin JN, McKay M, Simic M, et al. Self-reported knee pain and disability

among healthy individuals: reference data and factors associated with the Knee
injury and Osteoarthritis Outcome Score (KOOS) and KOOS-Child. Osteoarthr Cartil
2017;25:1282-90.

Marot V, Murgier J, Carrozzo A, et al. Determination of normal KOOS and WOMAC
values in a healthy population. Knee Surg Sports Traumatol Arthrosc 2019;27:541-8.
Bergerson E, Persson K, Svantesson E, et al. Superior Outcome of Early ACL
Reconstruction versus Initial Non-reconstructive Treatment With Late Crossover to
Surgery: A Study From the Swedish National Knee Ligament Registry. Am J Sports
Med 2022;50:896-903.

de Jonge R, Maté M, Kovacs N, et al. Nonoperative Treatment as an Option for
Isolated Anterior Cruciate Ligament Injury: A Systematic Review and Meta-analysis.
Orthop J Sports Med 2024;12.

Saueressig T, Braun T, Steglich N, et a/. Primary surgery versus primary rehabilitation
for treating anterior cruciate ligament injuries: a living systematic review and meta-
analysis. Br J Sports Med 2022;56:1241-51.

Kooy CEVW, et al. Br J Sports Med 2025;0:1-9. doi:10.1136/bjsports-2025-109890

saibojouyoal Jejiwis pue ‘Bulurey | ‘Buiuiw elep pue 1xa) 01 pale|al sasn 1o} Buipnjoul ‘1ybliIAdoo Aq paloaloid
‘usbiag Jo AlsiaAluN 18 GZ0Z ‘62 1800100 uo /wod fwg wslg//:dily wouy papeojumoq "5Z0Z 1890100 ST U0 06860T-G202-S10ds[g/9eTT 0T Sk paystignd 1siiy :paiN suods [ ig


http://orcid.org/0009-0004-4171-0727
http://orcid.org/0000-0003-2294-921X
http://orcid.org/0000-0002-3677-1101
http://dx.doi.org/10.1136/bjsports-2015-094864
http://dx.doi.org/10.1177/03635465231218237
https://pubmed.ncbi.nlm.nih.gov/15060639
http://dx.doi.org/10.1177/0363546507308939
http://dx.doi.org/10.1016/j.knee.2022.01.007
http://dx.doi.org/10.2106/JBJS.24.00243
http://dx.doi.org/10.1136/bmj.n375
http://dx.doi.org/10.1056/NEJMoa0907797
http://dx.doi.org/10.1136/bmj.f232
http://dx.doi.org/10.1016/S0140-6736(22)01424-6
http://dx.doi.org/10.1177/03635465211036141
http://dx.doi.org/10.1177/0363546520964486
http://dx.doi.org/10.1177/0363546514559912
http://dx.doi.org/10.1177/0363546514559912
http://dx.doi.org/10.1177/0363546508330136
http://dx.doi.org/10.1177/0363546515574061
http://dx.doi.org/10.1136/bjsports-2018-099842
http://dx.doi.org/10.1136/bjsports-2019-100956
http://dx.doi.org/10.1136/bjsports-2015-095027
http://dx.doi.org/10.1136/bjsports-2015-095027
http://dx.doi.org/10.1002/ksa.12378
http://dx.doi.org/10.1136/bmj.39335.541782.AD
https://www.helse-bergen.no/48d1eb/contentassets/9f19d57711ee4e60815d6b89e8e8472b/report2024.pdf
https://www.helse-bergen.no/48d1eb/contentassets/9f19d57711ee4e60815d6b89e8e8472b/report2024.pdf
https://www.helse-bergen.no/48d1eb/contentassets/9f19d57711ee4e60815d6b89e8e8472b/report2024.pdf
http://dx.doi.org/10.2519/jospt.1998.28.2.88
http://dx.doi.org/10.2519/jospt.1998.28.2.88
http://dx.doi.org/10.1111/j.1600-0838.1998.tb00465.x
https://www.diakonhjemmetsykehus.no/499769/siteassets/seksjon/nkrr/documents/koos-norwegian_skjema.pdf
https://www.diakonhjemmetsykehus.no/499769/siteassets/seksjon/nkrr/documents/koos-norwegian_skjema.pdf
https://www.diakonhjemmetsykehus.no/499769/siteassets/seksjon/nkrr/documents/koos-norwegian_skjema.pdf
http://dx.doi.org/10.1007/BF01560215
http://dx.doi.org/10.1177/0363546512458424
http://dx.doi.org/10.1136/bjsports-2020-103652
http://dx.doi.org/10.1213/ANE.0000000000002370
http://dx.doi.org/10.1007/s00167-020-06012-6
http://dx.doi.org/10.1007/s00167-020-06012-6
https://www.helse-bergen.no/nasjonalt-kvalitets-og-kompetansenettverk-for-leddproteser-og-hoftebrudd/anbefalinger-og-retningslinjer#nasjonalt-korsbandregister
https://www.helse-bergen.no/nasjonalt-kvalitets-og-kompetansenettverk-for-leddproteser-og-hoftebrudd/anbefalinger-og-retningslinjer#nasjonalt-korsbandregister
https://www.helse-bergen.no/nasjonalt-kvalitets-og-kompetansenettverk-for-leddproteser-og-hoftebrudd/anbefalinger-og-retningslinjer#nasjonalt-korsbandregister
http://dx.doi.org/10.1136/bjsports-2021-105115
http://dx.doi.org/10.1136/bjsports-2021-105115
http://dx.doi.org/10.2106/JBJS.M.01054
http://dx.doi.org/10.1136/bjsports-2012-092066
http://dx.doi.org/10.1177/2325967118774255
http://dx.doi.org/10.2106/JBJS.21.00113
http://dx.doi.org/10.1097/00005768-199902000-00002
http://dx.doi.org/10.1177/23259671211005090
http://dx.doi.org/10.1177/0363546520917386
http://dx.doi.org/10.1177/0363546520917386
http://dx.doi.org/10.1111/j.1600-0838.2005.00505.x
http://dx.doi.org/10.1177/0363546516634325
http://dx.doi.org/10.1136/bjsports-2021-105235
http://dx.doi.org/10.1016/j.joca.2017.03.007
http://dx.doi.org/10.1007/s00167-018-5153-6
http://dx.doi.org/10.1177/03635465211069995
http://dx.doi.org/10.1177/03635465211069995
http://dx.doi.org/10.1177/23259671241239665
http://dx.doi.org/10.1136/bjsports-2021-105359
http://bjsm.bmj.com/

	Non-­operative treatment of anterior cruciate ligament injuries: two-­thirds avoid surgery at 2-­year follow-­up in a nationwide cohort
	Abstract
	Introduction﻿﻿
	Methods
	Study design
	Setting
	Participants
	Data collection, variables and outcome measures
	Statistical analysis
	Patient and public involvement
	Equity, diversity and inclusion

	Results
	Baseline characteristics
	Outcomes after initial non-operative treatment
	ACL reconstructions and additional injuries

	Discussion
	Non-operatively treated patients
	Most non-operatively treated patients remain non-operated after two years﻿﻿﻿﻿
	Factors associated with delayed ACLR
	Meniscal injuries
	Patient-reported outcomes

	Clinical and research implications
	Strengths and limitations
	Conclusion
	References


