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ABSTRACT 

Physiotherapy is considered an important component of rehabilitation following anterior cruciate ligament reconstruction (ACLR). 
The relationship between physiotherapy treatment and patient-reported outcomes following ACLR in New Zealand (NZ) is not clear. 
We used repeated measures logistic regression to examine the relationship between patient-reported outcome data from the NZ ACL 
Registry and physiotherapy treatment data from the Accident Compensation Corporation (ACC). Outcome measures utilised were 
the patient acceptable symptom state (PASS) on the Knee Injury Osteoarthritis and Outcome Score (KOOS4) and a normative score 
on the Marx Activity Rating Scale (MARS) within 24 months of ACLR. Data from 5,345 individuals were included in the final analysis, 
with a mean (SD) of 11.7 (10.5) (range 0–91) physiotherapy treatments received, over an average (SD) of 185 (153) (range 0–725) 
days, in the two years following ACLR. Physiotherapy treatment post-ACLR increased the likelihood of achieving a KOOS4 PASS score 
at 6 and 12 months, but not at 24 months, following surgery. Physiotherapy did not increase the likelihood of achieving a normative 
MARS score in the 24 months after ACLR. Multiple factors likely contribute to people who have had an ACLR in NZ receiving a low 
dosage of physiotherapy treatment following surgery. Physiotherapy treatment after ACLR may increase patient acceptance of any 
post-surgical symptoms and functional limitations, but the effect on post-operative activity levels is less clear. 
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INTRODUCTION

Functional rehabilitation following anterior cruciate ligament 
reconstruction (ACLR) is considered an effective intervention to 
increase the likelihood of a patient achieving their post-surgical 
goals (Lobb et al., 2012). In New Zealand (NZ), physiotherapists 
typically oversee rehabilitation following ACLR (Fausett et al., 
2019). Therefore, the quantity and duration of post-operative 
physiotherapy treatment likely provides an accurate estimation 
of the dosage of rehabilitation received following ACLR in 
NZ. There remains no consensus on the optimal quantity and 
duration of post-ACLR physiotherapy treatment (Walker et al., 
2020), with equivocal evidence as to whether the dosage of 
physiotherapy treatment following ACLR significantly influences 
patient‑reported outcome scores, knee strength, functional 
ability, and graft re-rupture rates (Beynnon et al., 2011; Grant et 
al., 2005; Hohmann et al., 2011; Przybylak et al., 2019; Rhim et 
al., 2021; Vincent et al., 2017). 

The dosage of treatment received by patients receiving 
community-based physiotherapy following ACLR can vary 

widely. Retrospective studies show patients post-ACLR receive 
between 15 and 50+ physiotherapy treatments following surgery 
(Burroughs et al., 2021; Christensen et al., 2017; Dempsey 
et al., 2019; Miller et al., 2017). The number of treatments 
physiotherapists report using following ACLR ranges from 20 
to 60 but can exceed 100 (Dingenen et al., 2021; Ebert et 
al., 2019a; Korakakis et al., 2021). The reported duration of 
post-ACLR rehabilitation for community-based patients ranges 
between 127–175 days (Christensen et al., 2017; Dempsey et al., 
2019; Miller et al., 2017), with the duration rarely exceeding 6 
months (Dunphy & Gardner, 2020; Ebert et al., 2018; Edwards et 
al., 2018). 

Outcomes following ACLR are typically evaluated with a 
combination of functional measures and patient-reported 
outcomes measures (PROMs) (Filbay & Grindem, 2019). There 
are over 50 PROMs related to the anterior cruciate ligament 
(ACL) deficient knee (Johnson & Smith, 2001). The Knee Injury 
Osteoarthritis and Outcome Score (KOOS) and the Marx Activity 
Rating Scale (MARS) are two PROMs consistently utilised in 
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ACL research and by ACL registries (Kanakamedala et al., 
2016; Senorski, Svantesson, Engebretson, et al., 2019). As 
discrepancies can exist between post-operative PROM scores and 
patient satisfaction levels, the concept of a patient acceptable 
symptom state (PASS) may better facilitate interpretation of a 
PROM (Cristiani et al., 2020; Wright et al., 2015). The PASS is 
defined as the PROM score beyond which patients consider 
themselves well (Tubach et al., 2005). PASS thresholds have been 
developed for each subscale of the KOOS (Muller et al., 2016), 
and measurement of the PASS is a valuable complement to the 
KOOS in ACL injury (Svantesson et al., 2020). PASS thresholds, 
which are derived from a population with the condition of 
interest, differ from normative scores, which are derived from 
people who have never had the condition. 

The Accident Compensation Corporation (ACC) of NZ is a 
government-funded no-fault insurance scheme, which funds 
treatment and rehabilitation costs for personal injuries caused 
by an accident, as defined by the ACC Act of 2001 (Todd, 
2011). An injury claim is lodged on behalf of the patient by their 
treatment provider and, if accepted, treatment costs are funded 
under that specific claim (Bismark & Paterson, 2006). As ACL 
injuries in NZ are typically the result of an accident (Gianotti et 
al., 2009), treatment and rehabilitation costs for ACL injuries in 
NZ are usually met by ACC. ACC is the primary funder of private 
physiotherapy services in NZ (Reid & Larmer, 2007). Patients 
receiving treatment from private physiotherapists are typically 
charged a co-payment, as ACC funding does not usually cover 
the full cost of the treatment (New Zealand Government, 2007). 
ACC requires physiotherapy providers to collect visual analogue 
scale (VAS) pain scores and patient specific functional scale 
(PSFS) scores from patients; however, ACC does not collect 
this data from providers. Therefore, although ACC has visibility 
regarding the dosage of rehabilitation provided following ACLR, 
it has no knowledge of the specific outcome, or effectiveness, of 
that rehabilitation. ACC has also historically placed limits on the 
number of physiotherapy treatments it would fund following a 
musculoskeletal injury, with the maximum number of treatments 
following ACL injury being sixteen. Once the treatment number 
limit has been reached, the physiotherapist must apply to ACC 
for funding of additional treatments. 

ACL registries provide a unique opportunity to understand and 
interpret factors affecting patient-reported outcomes after ACLR 
(Prentice et al., 2018). The NZ ACL Registry has been collecting 
PROM data for NZ ACLR patients since 2014, with almost 90% 
of ACLRs performed in 2020 enrolled by the registry (New 
Zealand ACL Registry, 2021). To date, it has not been possible 
to correlate these patient outcomes with the rehabilitation 
received, as the NZ ACL Registry does not collect data related to 
post-surgical physiotherapy treatment. Therefore, the purpose 
of this study was to explore the quantity and duration of 
physiotherapy treatment following primary, unilateral ACLR in 
NZ, and to determine the relationship between that dosage of 
physiotherapy treatment and patient-reported outcomes in the 
two years following surgery. 

METHODS 

Data sources
This retrospective study used outcome data from November 

2014 to 1 December 2019 from the NZ ACL Registry. The 
data included pre-ACL injury MARS score, pre-ACLR KOOS/
MARS scores, and post-ACLR KOOS/MARS scores at 6, 12, and 
24 months. The data was forwarded to ACC’s Analytics and 
Research department in a password-protected Microsoft Excel 
spreadsheet. As outcome data were collected independent of 
the physiotherapy provider, all individuals had the opportunity 
to complete PROMs at all data collection points, even if the 
individual was not engaged in physiotherapy treatment at the 
time of PROM data collection. 

Using individual identifiers – National Health Index (NHI) number, 
and/or date of birth, and/or date of ACL injury – outcome data 
was matched to the ACC claim under which the ACLR was 
funded. Once individual outcome data and the ACC claim were 
matched, the following variables were extracted from the ACC 
claims management software system (Fineos) into a password-
protected Microsoft Excel spreadsheet:

•	 Age at date of ACLR. 

•	 Gender. 

•	 Date of ACLR.

•	 Number of days between ACL injury and ACLR. 

•	 Number of physiotherapy treatments in the 12 months prior 
to ACLR. 

•	 Number of physiotherapy treatments between 0–6, 7–12, 
and 13–24 months post-ACLR. 

•	 Date of first and last physiotherapy treatment after ACLR.

•	 Whether the individual had received vocational 
rehabilitation following ACLR.

Once extracted, patient data were de-identified and forwarded 
to the primary investigator for analysis. Individuals were 
excluded if patient-reported outcome data was either missing 
or unavailable from more than one post-ACLR time point. 
Unavailable data was defined as data yet to be collected, as 
that time point after ACLR had not yet been reached. Other 
exclusion criteria included ACLR revision, as subjective outcomes 
for this population are typically worse than for primary surgery 
(Lind et al., 2012; Wright et al., 2012), or non-ACC funded 
ACLR, as ACC would not hold physiotherapy treatment data for 
these individuals. 

Outcome measures
The primary outcomes were the achievement of a KOOS4 PASS 
score or a normative MARS score. The KOOS is composed of five 
subscales: pain, knee-related symptoms, activities of daily living 
(ADL), function in sport and recreation, and quality of life (Roos 
et al., 1998). Items on the KOOS are scored from 0 (no problem) 
to 4 (extreme problem) on a 5-point Likert scale. Scores 
from each subscale are transformed to a 0–100 scale, with 0 
representing “extreme knee problems” and 100 representing 
“no knee problems”. The KOOS4 is an average of four subscales, 
where the ADL subscale is excluded to avoid a ceiling effect, 
as younger, more active patients rarely have difficulties with 
activities of daily living (Frobell et al., 2010). Excluding the ADL 
subscale mitigates the risk of a high score on the ADL subscale 
artificially inflating the KOOS4 score. 
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The achievement of a KOOS4 PASS score was based on 
individual KOOS subscale threshold values established by Muller 
et al. (2016), who asked ACLR patients: “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?” (p. 
2821). Corresponding PASS values for the KOOS subscales were 
Pain > 88.9, Symptoms > 57.1, Sport and Recreation > 75.0, 
Quality of Life > 62.5, which equates to a KOOS4 PASS score of 
70.9. Individuals were not required to achieve a PASS score on 
each of the four subscales. 

The MARS is a knee-specific questionnaire that evaluates 
activity level in people with various knee disorders (Marx et 
al., 2001). The MARS assesses the ability to perform four 
functional activities: running, cutting, decelerating, and pivoting. 
Participants record how often they perform these activities on 
a 0–4 scale, with 4 being most active. The maximum possible 
MARS score is 16. We used a MARS score of 11 for females and 
12 for males as normative values (Cameron et al., 2015). 

Statistical analysis 
Initial descriptive analysis examined the distributions of the 
outcome and explanatory measures. The available confounding 
factors were identified as gender, age group, received vocational 
rehabilitation post-ACLR, and number of days between ACL 
injury. A repeated measures logistic regression with unstructured 
correlation was used to examine the association between 
dichotomous outcome measures and physiotherapy treatment, 
adjusting for the confounders and time varying effects.

RESULTS 

Outcome data for 9,562 individuals was received from the 
NZ ACL registry (Figure 1). Outcome data was unable to be 
matched to an ACC claim for 4% of individuals due to a missing 
NHI number, date of birth, or date of ACL injury. Physiotherapy 
treatment data was not recorded for 7%. Two out of the 
possible three post-ACLR outcome data points were either 
missing or unavailable for 33%. Sufficient outcome data was 
available and able to be matched to the corresponding ACC 
claim, from which physiotherapy treatment data was able to be 
extracted, for 56% of individuals. 

Descriptive analysis of the groups included and excluded from 
the final data set revealed the percentage of males differed 
across all groups, with males more likely to have missing 
physiotherapy treatment data and missing outcome data (Table 
1). Individuals with missing outcome data were more likely to 
be younger at the time of ACLR but less likely to have received 
vocational rehabilitation. Those with missing physiotherapy 
treatment data had a longer delay to ACLR and were less likely 
to have received vocational rehabilitation. 

Physiotherapy treatment following ACLR
The average (SD) number of physiotherapy treatments in the 
12 months prior to ACLR was 5.5 (5.2) (range 0–39) (Figure 2). 
The average (with SD in parentheses) number of physiotherapy 
treatments 0–6 months post-ACLR was 9.2 (7.2) (range 0–67), 
7–12 months post-ACLR was 1.9 (3.7) (range 0–54), and 13–24 
months post-ACLR was 0.6 (2.4) (range 0–35). The average (SD) 

Figure 1 

Flow Chart Showing Derivation of Final Data Set 

Outcome data received from New Zealand ACL Registry 
n = 9,562

Outcome data matched to ACC claim
n = 9,195

Outcome data matched to ACC claim, with  
physiotherapy treatment data available

n = 8,518

Outcome data available and matched to ACC claim, with 
physiotherapy treatment data available 

n = 5,345

Outcome data unable to be matched to an 
ACC claim

n = 367

No physiotherapy treatment data available
n = 677

Missing outcome data at 6 and/or 12 and/or 
24 months post-ACLR

n = 1,410

Unavailable outcome data at 6 and/or 12 and/
or 24 months post-ACLR

n = 1,763

Note. ACC = Accident Compensation Corporation; ACL = anterior cruciate ligament; ACLR = anterior cruciate ligament reconstruction.
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Table 1 

Descriptive Covariate Values for Individuals Included and Excluded From the Final Data Set 

Variable Outcome 
data received 
from NZ ACL 

Registry
(n = 9,562)

Outcome 
data 

unmatched  
to ACC claim

(n = 367)

Physiotherapy 
treatment 

data missing
(n = 677)

Outcome 
data missing
(n = 1,410)

Outcome data 
unavailable
(n = 1,763)

Physiotherapy 
treatment data 
and outcome 

data available and 
matched

(n = 5,345)

p b

% a

Gender Male 57.6 63.2 69.4 70.7 54.3 53.3 < 0.0001
Age at ACLR,  

M (SD), range, 
years 

27.8 (11.1), 
8–70

28.8 (10.5), 
11–64

29.4 (10.9),
9–70

25.6 (9.3),
10–63

28.7 (10.8),
10–69

29.4 (11.2),
8–69

Age at ACLR, 
years

8–20 29 20 23 36 26 24 < 0.0001
21–30 38 47 38 40 38 37
31–40 18 18 22 15 20 20
41–69 15 15 17 9 16 19

Days from ACL 
injury to 
ACLR, M (SD), 
range, years 

289 (723),
12–16,025

290 (928),
14–15,418

422 (975),
17–8,801

252 (637),
16–14,406

234 (605),
12–16,025

287 (708),
14–12,163

Days from ACL 
injury to  
ACLR 

14–79 26 29 22 27 26 25 < 0.0001
80–126 24 20 24 23 24 25
127–230 25 23 23 25 29 25
231+ 25 23 31 25 21 25
Missing – 5 – – – –

Had vocational 
rehabilitation 

Yes 33.4 – 22.2 40.1 32.3 35.6 < 0.0001
No 66.6 – 77.8 59.9 67.7 64.4

Pre-injury MARS 
score, M (SD)

11.4 (4.9) 11.4 (5.0) 10.4 (5.3) 11.2 (5.2) 11.6 (4.8) 11.7 (4.8)

Note. ACC = Accident Compensation Corporation; ACL = anterior cruciate ligament; ACLR = anterior cruciate ligament reconstruction;  
NZ = New Zealand. 

a Except where indicated. b Chi-square test.

total number of physiotherapy treatments in the 24 months 
post-ACLR was 11.7 (10.5) (range 0–91). The percentage of 
individuals who did not receive physiotherapy treatment pre-
ACLR, and 0–6, 7–12, and 13–24 months post-ACLR, was 22%, 
12%, 57%, and 88% respectively (Figure 2). 

The duration of post-ACLR physiotherapy treatment was 
less than 6 months for 57% of individuals, while post-ACLR 
physiotherapy treatment lasted longer than 9 months for 25% 
of individuals (Figure 3). The average (SD) number of days 
from the first post-ACLR physiotherapy treatment to the last 
treatment was 185 (153) days (range 0–725). 

Patient-reported outcomes following ACLR 
KOOS4

The likelihood of an individual achieving a KOOS4 PASS score 
following ACLR increased significantly over time (p < 0.0001) 
(Table 2). The percentage of individuals achieving a KOOS4 PASS 
score pre-ACLR, and at 6, 12, and 24 months post-ACLR, was 
17%, 53%, 70%, and 75% respectively (Figure 4). 

MARS
The likelihood of an individual achieving a normative MARS 
score following ACLR increased significantly over time (p < 
0.0001) (Table 3). The percentage of individuals achieving a 
normative MARS score pre-ACLR, and at 6, 12, and 24 months 
post-ACLR, was 5%, 11%, 23%, and 28% respectively (Figure 
5).

Relationship between physiotherapy treatment and 
patient-reported outcomes – univariate analysis
Post-ACLR physiotherapy treatment was initially grouped into 
0, 1, 2–4, and 5+ treatments, as these treatment numbers 
approximated quartile divisions within the complete data 
set. Initial analyses showed a statistically significant increase 
in the likelihood of achieving a KOOS4 PASS score for one 
physiotherapy treatment over no physiotherapy treatments 
0–6 and 7–12 months post-ACLR (p = 0.04), with lesser non-
significant increases for 2–4 and 5+ treatments (Table 4). There 
was no effect of different quantities of post-ACLR physiotherapy 



New Zealand Journal of Physiotherapy | 2023 | Volume 51 | Issue 1 | 57 

Pe
rc

en
ta

ge
 o

f 
in

di
vi

du
al

s

12–0 months 
pre-ACLR

Time

6 months 
post-ACLR

7–12 months 
post-ACLR

13–24 months 
post-ACLR

Number of
physiotherapy
treatments

 0
 1 to 5
 6 to 10
 11 to 15
 16 to 20
 21+

90%

80%

70%

60%

50%

40%

30%

20%

10%

 0%

Figure 2 

Average Number of Physiotherapy Treatments Per Individual 

Note. ACLR = anterior cruciate ligament reconstruction.

Table 2 

Unadjusted Odds Ratios For the Likelihood of Achieving a 
KOOS4 PASS Score Following ACLR 

Time since ACLR OR 95% CI p

LL UL

Pre-ACLR 1.00 – –

6 months 5.34 4.92 5.79

12 months 10.87 9.96 11.86

24 months 13.99 12.64 15.49 < 0.0001

Note. ACLR = anterior cruciate ligament reconstruction; CI = confidence 
interval; KOOS4 PASS = Knee Injury Osteoarthritis and Outcome Score, 
patient acceptable symptom state; LL = lower limit; UL = upper limit.
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Figure 4

Individuals Achieving a KOOS4 PASS Score Over Time 

Note . ACLR = anterior cruciate ligament reconstruction; KOOS4 PASS 
= Knee Injury Osteoarthritis and Outcome Score, patient acceptable 
symptom state.

treatment on the likelihood of achieving a normative MARS 
score. Therefore, the physiotherapy treatment groups were 
collapsed into whether or not physiotherapy treatment was 
present. 

KOOS4

The percentage of individuals who achieved a KOOS4 PASS 
score at each time point, based on whether they received 
physiotherapy treatment, is shown in Figure 6. Overall, there 
was a significant association between receiving physiotherapy 
treatment and the likelihood of achieving a KOOS4 PASS score 
following ACLR (p = 0.0024), with physiotherapy treatment 

at 7–12 months associated with an increased likelihood of 
achieving a KOOS4 PASS score at 12 months post-ACLR (Table 
5). 

MARS
The percentage of individuals who achieved a normative MARS 
score at each time point, based on whether they received 
physiotherapy treatment, is shown in Figure 7. Overall, there 
was a significant association between receiving physiotherapy 
treatment and the likelihood of achieving a normative MARS 
score following ACLR (p = 0.0003), with physiotherapy 
treatment between 7–12 and 13–24 months associated with an 
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Figure 3 

Number of Days Between First and Last Physiotherapy Treatment 
Following ACLR 

Note. ACLR = anterior cruciate ligament repair.
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Figure 5

Individuals Achieving a Normative Marx Activity Rating Scale 
Over Time 

Note. ACLR = anterior cruciate ligament reconstruction; MARS = Marx 
Activity Rating Scale.

Table 4 

Unadjusted Odds Ratios for Physiotherapy Treatment and the 
Likelihood of Achieving a KOOS4 PASS Score Following ACLR

Time since 
ACLR

Number of 
physiotherapy 

treatments

OR 95% CI

LL UL

0–6 months 0 1.00 – –
1 1.45 1.01 2.09

2–4 1.20 0.96 1.49
5+ 1.18 0.99 1.39

7–12 months 0 1.00 – –
1 1.31 1.08 1.59

2–4 1.12 0.96 1.31
5+ 1.17 0.99 1.39

13–24 months 0 1.00 – –
1 0.90 0.62 1.33

2–4 0.88 0.60 1.27
5+ 0.77 0.50 1.17

Note. ACLR = anterior cruciate ligament reconstruction; CI = confidence 
interval; KOOS4 PASS = Knee Injury Osteoarthritis and Outcome Score, 
patient acceptable symptom state; LL = lower limit; UL = upper limit.

increased likelihood of achieving a normative MARS score at 12 
and 24 months after surgery respectively (Table 6). 

Relationship between physiotherapy treatment and 
patient-reported outcomes – multivariate analysis
When adjusted for confounding variables, there was a 
significant relationship between physiotherapy treatment and 
likelihood of achieving a KOOS4 PASS score following ACLR 
(p = 0.0035) (Table 7). Physiotherapy treatment between 0–6 
months and 7–12 months increased the likelihood of achieving 
a KOOS4 PASS score at 6 and 12 months respectively. However, 
when adjusted for confounders, the relationship between 
physiotherapy treatment and the likelihood of achieving 
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Figure 6

Individuals Achieving a KOOS4 PASS Score and If They Received 
Physiotherapy Treatment 

Note . ACLR = anterior cruciate ligament reconstruction; KOOS4 PASS 
= Knee Injury Osteoarthritis and Outcome Score, patient acceptable 
symptom state.

Pre-ACLR 0–6 months 
post-ACLR

7–12 months 
post-ACLR

13–24 months 
post-ACLR

 No physiotherapy treatment

 Yes physiotherapy treatment

a normative MARS score following ACLR did not reach 
significance (p = 0.15). Physiotherapy treatment during all post-
operative time periods was not associated with an increased 
likelihood of achieving a normative MARS score at any post-
operative time point. Unadjusted and adjusted odds ratios for 
KOOS4 PASS scores and normative MARS scores for all variables 
are presented in Appendices A and B. 

Table 3 

Unadjusted Odds Ratios for the Likelihood of Achieving a 
Normative Marx Activity Rating Scale Score Following ACLR

Time since ACLR OR 95% CI p

LL UL

Pre-ACLR 1.00 – –

6 months 2.20 1.90 2.55

12 months 5.86 5.10 6.73

24 months 7.53 6.52 8.70 < 0.0001

Note. ACLR = anterior cruciate ligament reconstruction; CI = 
confidence interval; LL = lower limit; UL = upper limit.
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Individuals Achieving a Normative Marx Activity Rating Scale and 
If They Received Physiotherapy Treatment

Pre-ACLR 0–6 months 
post-ACLR

7–12 months 
post-ACLR

13–24 months 
post-ACLR

 No physiotherapy treatment

 Yes physiotherapy treatment

Table 5 

Unadjusted Odds Ratios for Individuals Receiving Physiotherapy 
Treatment and the Likelihood of Achieving a KOOS4 PASS Score 
Following ACLR 

Time since 
ACLR

Physiotherapy 
treatment

OR 95% CI

LL UL

0–6 months No 1.00
Yes 1.12 0.95 1.31

7–12 months No 1.00
Yes 1.21 1.08 1.36

13–24 months No 1.00
Yes 0.86 0.68 1.09

Note. ACLR = anterior cruciate ligament reconstruction; CI = confidence 
interval; KOOS4 PASS = Knee Injury Osteoarthritis and Outcome Score, 
patient acceptable symptom state; LL = lower limit; UL = upper limit.

Table 6 

Unadjusted Odds Ratios for Individuals Receiving Physiotherapy 
Treatment and the Likelihood of Achieving a Normative Marx 
Activity Rating Scale Score Following ACLR

Time since  
ACLR

Physiotherapy 
treatment

OR 95% CI

LL UL

0–6 months No 1.00

Yes 0.95 0.71 1.27

7–12 months No 1.00

Yes 1.27 1.12 1.46

13–24 months No 1.00

Yes 1.40 1.12 1.75

Note. ACLR = anterior cruciate ligament reconstruction; CI = confidence 
interval; LL = lower limit; UL = upper limit.

Table 7 

Adjusted Odds Ratios for Receiving Physiotherapy Treatment 
and the Likelihood of Achieving a KOOS4 PASS Score and a 
Normative Marx Activity Rating Scale Score Following ACLR 

Variable Time since 
ACLR

Physiotherapy 
treatment

OR 95% CI

LL UL

KOOS4 0–6 
months

No 1.00
Yes 1.19 1.01 1.41

7–12 
months

No 1.00
Yes 1.18 1.05 1.33

13–24 
months

No 1.00
Yes 0.84 0.67 1.07

MARS 0–6 
months

No 1.00
Yes 0.91 0.68 1.23

7–12 
months

No 1.00
Yes 1.13 0.97 1.31

13–24 
months

No 1.00
Yes 1.24 0.97 1.58

Note. ACLR = anterior cruciate ligament reconstruction; CI = confidence 
interval; KOOS4 PASS = Knee Injury Osteoarthritis and Outcome Score, 
patient acceptable symptom state; LL = lower limit; MARS = Marx 
Activity Rating Scale; UL = upper limit.

DISCUSSION

The aim of this study was to explore the dosage of 
physiotherapy treatment following ACLR in NZ, and 
to determine the relationship between the quantity of 
physiotherapy treatment and patient-reported outcomes in the 
2 years following surgery. Our results showed physiotherapy 
treatment in the first 12 months following ACLR was associated 
with an increased likelihood of achieving a KOOS4 PASS score. 
Physiotherapy treatment in the 24 months following ACLR 
was not associated with an increased likelihood of achieving 
a normative MARS score. A greater number of physiotherapy 
treatments following ACLR was not associated with an increased 
likelihood of achieving a KOOS4 PASS score or a normative 
MARS score in the 24 months following surgery. Overall, 
individuals received a low dosage of physiotherapy treatment 
following ACLR in NZ.

This is the first study to show a relationship between 
physiotherapy treatment and the achievement of a KOOS4 PASS 
score following ACLR. Other factors associated with achieving 
a KOOS4 PASS score after an ACLR include the absence of a 
concomitant medial collateral ligament injury and receiving a 
hamstring tendon graft (Senorski et al., 2018). Age, gender, 
quadriceps symmetry, absence of concomitant cartilage and 
meniscal injuries, and hop test performance are also associated 
with achieving PASS scores on subscales of the KOOS following 
ACLR (Cristiani et al., 2020; Senorski et al., 2018). Of these 
factors, only quadriceps symmetry and hop test performance 
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can be modified by rehabilitation, i.e., physiotherapy treatment. 
Physiotherapy treatment following ACLR has been shown to 
improve quadriceps and hamstring strength (Dempsey et al., 
2019; Rhim et al., 2021; Walston & Barillas, 2021) and lower 
limb function (Ebert et al., 2018; Lim et al., 2019). Therefore, 
physiotherapy treatment potentially contributes to the positive 
correlation between functional performance and KOOS scores 
following ACLR (Reinke et al., 2011).

Physiotherapy treatment between 13 and 24 months after ACLR 
was associated with decreased likelihood of achieving a KOOS4 
PASS score, both in the univariate and multivariate analyses, 
although results did not reach statistical significance. A lower 
percentage of individuals who received physiotherapy treatment 
from 13 to 24 months achieved a KOOS4 PASS score at 24 
months. Physiotherapy treatment after ACLR is recommended 
to last up to 12 months (van Melick et al., 2016). Therefore, 
if physiotherapy treatment is required after 12 months, there 
have potentially been post-operative complications (Eckenrode 
et al., 2017; Lord et al., 2020), which necessitated prolonged 
physiotherapy treatment and likely contributed to a worse 
outcome.

In the univariate analysis, physiotherapy treatment between 
7–12 and 13–24 months after ACLR was associated with a 
significantly increased likelihood of achieving a normative MARS 
score. When considered with other confounding variables, 
there was a trend for physiotherapy treatment between 7 and 
24 months to be associated with an increased likelihood of 
achieving a normative MARS score, but significance was not 
reached. The relationship between physiotherapy treatment and 
MARS scores following ACLR has not been previously reported. 
However, physiotherapy treatment following ACLR has been 
associated with higher scores on the Tegner Activity Scale 
(Przybylak et al., 2019; Revenäs et al., 2009), which, as with the 
MARS, quantifies activity level following knee injury (Collins et 
al., 2011).

Not unexpectedly, the percentage of individuals achieving 
KOOS4 PASS scores and normative MARS scores improved over 
time following ACLR. Our results show 75% of patients post-
ACLR perceive their symptoms as acceptable at 2 years post-
surgery, which is consistent with previous research (Ingelsrud et 
al., 2015). Only 28% of individuals had achieved a normative 
MARS score at 2 years post-ACLR. Although the percentage 
achieving a normative MARS score increased over time, the 
average MARS score at 24 months post-ACLR was only 61% 
of the average pre-injury score, suggesting a low rate of return 
to pre-injury activity levels after 24 months. Previous research, 
using MARS data from the same population, reported only 
11.1% and 15.5% of patients in NZ have returned to pre-injury 
activity levels at 12 and 24 months respectively following ACLR 
(Rahardja et al., 2021). Our study therefore adds to the body of 
work showing a significant number of people do not achieve 
pre-injury activity levels 2 years after ACLR (Antosh et al., 2018; 
Cox et al., 2014; Dunn et al., 2010).

Preliminary analysis of the KOOS4 data used a normative score 
as the dependent variable in the statistical model. However, the 
number of individuals achieving a normative KOOS4 score at 
each time point was so low the statistical model failed. Previous 
research has shown most people do not achieve normative 

KOOS scores within 2 years of ACLR (Herrington, 2013). As a 
significant number of patients achieve a PASS score on four out 
of the five KOOS subscales at 12 months after ACLR (Senorski 
et al., 2018), a KOOS4 PASS score was therefore selected as a 
dependent variable. A normative MARS score was selected as 
a dependent variable in the current study, as, to date, no PASS 
scores have been published for the MARS.

Normative values need to be considered in the context of the 
population from which they were derived. The normative MARS 
values used in the current study were derived from a cohort 
of United States military academy recruits, with an average 
(SD) age of 18.8 (0.9) years for males and 18.7 (0.7) years for 
females (Cameron et al., 2015); the only published normative 
MARS scores to date. In the current study, average age of 
individuals at time of ACLR was 29.5 years for males and 29.3 
years for females, with an age range from 8 to 69 years. Only 
11% of individuals were aged 17–19 years. Younger people 
have higher participation rates in ACL-dependent activities (Eime 
et al., 2016), which would be reflected in higher MARS scores. 
Following ACLR, MARS scores decline with increasing age 
(Randsborg et al., 2022; Spindler et al., 2018). Therefore, the 
average age of individuals in the current study likely contributed 
to the low percentage achieving a normative MARS score 
following ACLR.

Patient-reported outcome measures are not routinely utilised 
by physiotherapists in clinical practice (Jette et al., 2009). 
Although there is no data on the general utilisation of PROMs 
by NZ physiotherapists, only 52% of NZ physiotherapists 
report using PROMs when considering a return to sport after 
ACLR (Fausett et al., 2022). Patient-reported outcome data 
following ACLR in NZ is collected by an ACL Registry. This is 
an ACC-funded organisation set up by the Knee and Sports 
Society, which is a branch of the NZ Orthopaedic Association 
(New Zealand ACL Registry, 2021). The NZ ACL Registry has 
no links to physiotherapy providers in NZ. Therefore, the 
collection of PROM data following ACLR is independent of the 
providers delivering the post-surgical rehabilitation, arguably 
independence that eliminates any bias the physiotherapist 
may introduce by their collection of the PROM data. However, 
collection of the PROM data is not correlated specifically to a 
particular stage of rehabilitation and the physiotherapist has no 
visibility of the PROM scores. PROM data is collected by the NZ 
ACL Registry at 6, 12, and 24 month intervals following ACLR. 
More frequent collection of PROM data by the physiotherapist 
may offer greater insights into the patient’s rehabilitation 
progress, with the rehabilitation plan able to be adjusted or 
modified if required. 

Our results show individuals in NZ receive a low dosage of 
physiotherapy treatment following ACLR, with less than 12 
treatments over 185 days. Previous retrospective studies have 
shown community-based patients can receive 15–58 treatments 
over 127–175 days following ACLR (Christensen et al., 2017; 
Dempsey et al., 2019; Miller et al., 2017). This large range 
reflects the lack of a consensus regarding an optimal number 
of physiotherapy treatments following ACLR (Walker et al., 
2020). While no optimal number of physiotherapy treatment 
sessions exists that can be applied to all patients, the number 
of treatments required by each patient will be a product of 
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their post-operative goals and individual progress through their 
rehabilitation programme. Following ACLR, a fortnightly review 
with the treating physiotherapist is suggested as the minimum 
requirement (Filbay & Grindem, 2019), and if rehabilitation 
lasts the recommended 9–12 months (van Melick et al., 2016), 
then the minimum number of post-ACLR physiotherapy 
treatments would be 18–24. Ultimately, the optimal number of 
physiotherapy treatments for each individual will be the number 
of treatments they require to achieve their post-operative goals.

The temporal utilisation of a limited number of physiotherapy 
treatments following ACLR could also influence the duration 
of rehabilitation. Individuals in the current study received 
79% of post-ACLR physiotherapy treatments within 6 months 
of surgery – a finding consistent with a recent database 
analysis of over 11,000 ACLR patients that reported 90% of 
post-ACLR physiotherapy treatments were received within 4 
months of surgery (Burroughs et al., 2021). If the majority of 
allocated treatments are utilised within a short timeframe after 
surgery, then the premature cessation of rehabilitation may be 
decided by the allocated number of treatments rather than the 
achievement of patient goals.

For almost 60% of individuals in the current study, post-ACLR 
physiotherapy treatment lasted less than 6 months, with 
physiotherapy lasting at least 9 months for only a quarter of 
individuals. Although time-based rehabilitation following ACLR 
has now been succeeded by criterion-based rehabilitation 
(Meredith et al., 2020), time from surgery is still the most 
considered factor when assessing a return to sport (Burgi et al., 
2019). Few patients achieve recommended criteria to resume 
pre-injury activities within 9 months of ACLR surgery (Herbst 
et al., 2015; Toole et al., 2017; Welling et al., 2018), and a 
return to pre-injury activities before 9 months significantly 
increases the risk of re-injury (Beischer et al., 2020; Bodkin et 
al., 2022; Grindem et al., 2016). The risk of re-injury following 
ACLR is also highest in the first 6–12 months of a return to 
pre-injury activities (Paterno et al., 2012; Webster & Feller, 
2016). Therefore, physiotherapist treatment and oversight of 
rehabilitation 7–12 months after ACLR may help reduce the risk 
of ACL re-injury at a time when most patients are considering 
returning to pre-injury activities.

The final phase of ACLR rehabilitation typically involves a 
resumption of functional activities, sport-specific training, and 
a graduated return to pre-injury sports (Buckthorpe, 2019), 
with most patients expecting a return to pre-injury activities 
6–12 months after surgery (Armento et al., 2020; Feucht et 
al., 2016). Individuals in the current study received on average 
less than two physiotherapy treatments 7–12 months after 
ACLR, with 58% receiving no physiotherapy treatment during 
this time. Therefore, our results suggest NZ ACLR patients 
are undertaking end-stage rehabilitation without adequate 
professional oversight (Ebert et al., 2019a; Filbay & Grindem, 
2019). Low numbers of physiotherapy treatments at 7–12 
months could reflect increased self-management (Ebert et al., 
2019a), decreased patient compliance (Risberg et al., 2016), a 
lack of physiotherapist skill and knowledge to manage a patient 
through the return to sport phase following ACLR (Walker 
et al., 2020), or the use of non-physiotherapy providers for 
rehabilitation guidance (Walker et al., 2021). 

Multiple factors likely contribute to patients receiving a low 
dosage of physiotherapy treatment following ACLR, including 
low motivation to complete rehabilitation (Thorstensson et 
al., 2009), a lack of patient education regarding post-ACLR 
rehabilitation (Cailliez et al., 2012), or a lack of surgeon 
endorsement of rehabilitation (Ebert et al., 2019b). Patients also 
report frustration and disappointment with a physiotherapist’s 
ability to manage late-stage ACLR rehabilitation (Walker et al., 
2022), which could lead to patients prematurely disengaging in 
physiotherapy, resulting in a low number of treatments.

From a NZ-specific perspective, the provider co-payment, which 
can be up to $50 per treatment, for a private physiotherapy 
treatment, likely represents a significant barrier to a patient 
receiving the recommended dosage of physiotherapy following 
ACLR. The limits placed on the number of physiotherapy 
treatments for an ACL injury by ACC have also potentially 
contributed to low numbers of treatments being used in the 
current study. The physiotherapist has to submit a request to 
ACC for funding of additional treatments by providing their 
clinical records and a completed ACC32 form, which includes 
details regarding the patient’s current condition, how the 
current condition is linked to the covered injury, and a plan for 
the additional treatments. The request is then clinically assessed 
by ACC, with a subsequent decision issued to either approve 
or decline the request. This prior approval process represents 
a barrier to receiving additional physiotherapy treatments, as 
a decision to decline additional funding results in the patient 
being liable for the full cost of any further physiotherapy 
treatment, further compounding any financial burden on the 
patient. Other potential factors preventing engagement in 
physiotherapy following ACLR include patient-specific barriers 
(health literacy/understanding of the condition, cultural beliefs, 
socioeconomic status), provider-specific barriers (patient 
interactions), and healthcare system barriers (waiting times, 
location of services, involvement of multiple providers) (Fausett 
et al., 2019).

A strength of the current study is the large number of 
individuals, which provides a level of statistical robustness. 
However, large cohorts increase the likelihood of significant 
results, even if those results may not be clinically relevant 
(Senorski, Svantesson, Baldari, et al., 2019). We used 
deterministic linkage to match two large, separate data sets, 
which can produce false negative links due to missing data and 
erroneous entries (Zhu et al., 2015). The retrospective design, 
while allowing a large cohort, prevents any causal links being 
established. ACC clients with an ACL injury may have more 
than one knee claim related to their ACL injury. Therefore, we 
cannot rule out the possibility of individuals receiving post-ACLR 
physiotherapy treatment under a knee claim that the ACLR was 
not funded under. However, this scenario is unlikely to apply to 
a large number of individuals, as ACC processes are designed to 
ensure all entitlements are funded under the correct claim. By 
choosing to use PROM data from the NZ ACL Registry, there was 
no control over the outcome measures used, and other PROMs 
may be more appropriate measures to assess patient outcomes 
within 2 years of ACLR. The International Knee Documentation 
Committee form is a more useful tool to evaluate patients in 
the first year after ACLR (van Meer et al., 2013) and the Tegner 
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activity scale (TAS) is recommended when assessing activity 
levels in ACLR patients, particularly in conjunction with the 
International Knee Documentation Committee (Wera et al., 
2014).

CONCLUSION

Physiotherapy treatment improves subjective patient-reported 
outcomes following ACLR, although the effect of physiotherapy 
treatment on activity levels is less certain. The majority of 
individuals report acceptable symptoms and function at 2 years 
following ACLR, which is in contradiction to a low rate of return 
to pre-injury activity levels. Individuals undergoing ACLR in NZ 
receive a low dosage of physiotherapy treatment following 
surgery. The optimal number of physiotherapy treatments 
following ACLR remains unclear and is likely dependent on 
multiple factors. A well-controlled prognostic study examining 
the effects of various quantities of physiotherapy treatment on 
outcomes following ACLR is warranted. However, ethical issues 
would likely render the undertaking of such a study challenging. 
Future prospective research on outcomes following ACLR should 
consider the appropriateness of the outcome measures used 
and how the demographics of the cohort might influence any 
findings. 

KEY POINTS 

1.	 In the first 12 months following ACLR, physiotherapy 
treatment increases the likelihood of an individual accepting 
any ongoing symptoms or functional limitations; however, in 
the 24 months following ACLR, the effect of physiotherapy 
on activity levels is less clear. 

2.	 The dosage of physiotherapy treatment received by NZ 
patients following ACLR is less than previous research 
suggests is required. 

3.	 Multiple factors potentially influence the dosage of post-
ACLR physiotherapy treatment in NZ, including financial 
barriers and health system requirements. 

4.	 Regular assessment of the patient’s status during 
ACLR rehabilitation, using both functional and patient-
reported outcomes, will likely have multiple benefits, 
including providing an objective basis for the progression 
and modification of rehabilitation, and increasing and 
maintaining patient motivation.
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Appendices 

Appendix A

Odds Ratios for the Likelihood of Achieving a KOOS4 PASS Score

Variable Unadjusted a Adjusted b

OR 95% CI p OR 95% CI p

LL UL LL UL

Time Pre-surgery 1.00 < 0. 0001 1.00 < 0.0001

0–6 months 5.34 4.92 5.79 6.37 4.76 8.53

7–12 months 10.87 9.96 11.86 13.92 10.55 18.53

13–24 months 13.99 12.64 15.40 16.08 11.63 22.22

Time x 
gender

Pre-surgery Female 0.72 0.62 0.83 < 0.0001 0.67 0.58 0.78 < 0.0001

Male 1.00 1.00

0–6 months Female 0.79 0.70 0.88 0.72 0.64 0.82

Male 1.00 1.00

7–12 months Female 0.98 0.86 1.11 0.89 0.78 1.02

Male 1.00 1.00

13–24 months Female 1.06 0.90 1.25 1.00 0.84 1.18

Male 1.00 1.00

Time x age at 
date of ACLR

Pre-surgery 8–20 years 1.00 < 0.0001 1.00 < 0.0001

21–30 years 0.70 0.58) 0.83 0.72 0.60 0.87

31–40 years 0.57 0.46 0.71 0.56 0.45 0.70

41–69 years 0.47 0.37 0.59 0.46 0.37 0.58

0–6 months 8–20 years 1.00 1.00

21–30 years 0.68 0.58 0.79 0.76 0.64 0.89

31–40 years 0.59 0.50 0.71 0.66 0.55 0.79

41–69 years 0.63 0.53 0.76 0.69 0.58 0.83

7–12 months 8–20 years 1.00 1.00

21–30 years 0.75 0.63 0.90 0.87 0.72 1.05

31–40 years 0.52 0.43 0.64 0.63 0.52 0.78

41–69 years 0.65 0.53 0.79 0.76 0.62 0.94

13–24 months 8–20 years 1.00 1.00

21–30 years 0.79 0.62 0.99 0.90 0.71 1.14

31–40 years 0.65 0.51 0.83 0.77 0.60 1.00

41–69 years 0.87 0.68 1.12 0.99 0.77 1.29

Time x any 
physiotherapy 
treatment

Pre-surgery No 1.00 0.0024 1.00 0.0035

0–6 months Yes 1.12 0.95 1.31 1.19 1.01 1.41

No 1.00 1.00

7–12 months Yes 1.21 1.08 1.36 1.18 1.05 1.33

No 1.00 1.00

13–24 months Yes 0.86 0.68 1.09 0.84 0.67 1.07

No 1.00 1.00



New Zealand Journal of Physiotherapy | 2023 | Volume 51 | Issue 1 | 67 

Variable Unadjusted a Adjusted b

OR 95% CI p OR 95% CI p

LL UL LL UL

Time x 
vocational 
rehabilitation

Pre-surgery Yes 0.64 0.54 0.75 < 0.0001 0.69 0.59 0.82 < 0.0001

No 1.00 1.00

0–6 months Yes 0.57 0.5 0.64 0.60 0.52 0.68

No 1.00 1.00

7–12 months Yes 0.56 0.49 0.64 0.59 0.52 0.68

No 1.00 1.00

13–24 months Yes 0.61 0.52 0.72 0.63 0.53 0.75

No 1.00 1.00

Time x days 
from ACL 
injury to 
ACLR

Pre-surgery 14–79 1.00 < 0.0001 1.00 < 0.0001

80–126 1.61 1.29 2.01 1.62 1.29 2.02

127–230 1.84 1.48 2.29 1.94 1.56 2.42

230+ 2.11 1.70 2.61 2.27 1.83 2.81

0–6 months 14–79 1.00 1.00

80–126 1.08 0.92 1.27 1.07 0.91 1.26

127–230 1.19 1.01 1.40 1.23 1.04 1.45

230+ 1.27 1.08 1.50 1.31 1.10 1.55

7–12 months 14–79 1.00 1.00

80–126 1.12 0.93 1.34 1.13 0.94 1.36

127–230 0.95 0.79 1.14 0.98 0.82 1.18

230+ 0.91 0.76 1.09 0.93 0.78 1.12

13–24 months 14–79 1.00 1.00

80–126 1.17 0.92 1.48 1.16 0.92 1.47
127–230 1.03 0.82 1.29 1.03 0.82 1.30

230+ 0.94 0.75 1.17 0.91 0.72 1.14

Note. ACL = anterior cruciate ligament; ACLR = anterior cruciate ligament repair; CI = confidence interval; KOOS4 PASS = Knee Injury Osteoarthritis 
and Outcome Score, patient acceptable symptom state; LL = lower limit; UL = upper limit.

a unadjusted except for time effects.

b adjusted for gender, age at date of ACLR, presence of vocational rehabilitation post-ACLR, and number of days between ACL injury and ACLR. 
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Appendix B

Odds Ratios for the Likelihood of Achieving a Normative Marx Activity Rating Scale Score

Variable Unadjusted a Adjusted b

OR 95% CI p OR 95% CI p

LL UL LL UL

Time Pre-surgery 1.00 < 0.0001 1.00 < 0.0001

0–6 months 2.20 1.90 2.55 14.66 6.66 32.28

7–12 months 5.86 5.10 6.73 37.85 18.37 77.96

13–24 months 7.53 6.52 8.70 35.14 16.75 73.73

Time x 
gender

Pre-surgery Female 0.85 0.65 1.09 0.0001 0.80 0.62 1.04 < 0.0001

Male 1.00 1.00

0–6 months Female 0.82 0.68 1.00 0.75 0.62 0.92

Male 1.00 1.00

7–12 months Female 0.74 0.64 0.85 0.65 0.55 0.75

Male 1.00 1.00

13–24 months Female 0.77 0.65 0.90 0.70 0.59 0.84

Male 1.00 1.00

Time x age at 
date of ACLR

Pre-surgery 8–20 years 1.00 < 0.0001 1.00 < 0.0001

21–30 years 0.53 0.40 0.71 0.54 0.40 0.74

31–40 years 0.42 0.29 0.62 0.45 0.31 0.67

41–69 years 0.23 0.14 0.38 0.31 0.19 0.51

0–6 months 8–20 years 1.00 1.00

21–30 years 0.47 0.37 0.58 0.49 0.39 0.62

31–40 years 0.24 0.18 0.34 0.27 0.19 0.38

41–69 years 0.20 0.14 0.28 0.25 0.17 0.36

7–12 months 8–20 years 1.00 1.00

21–30 years 0.56 0.47 0.66 0.64 0.53 0.77

31–40 years 0.28 0.22 0.35 0.35 0.28 0.45

41–69 years 0.16 0.12 0.20 0.22 0.17 0.29

13–24 months 8–20 years 1.00 1.00

21–30 years 0.69 0.56 0.85 0.73 0.59 0.91

31–40 years 0.34 0.26 0.44 0.38 0.29 0.50

41–69 years 0.18 0.13 0.24 0.23 0.17 0.32

Time x any 
physiotherapy 
treatment

Pre-surgery No 1.00 0.0003 1.00 0.15

0–6 months Yes 0.95 0.71 1.27 0.91 0.68 1.23

No 1.00 1.00

7–12 months Yes 1.27 1.12 1.46 1.13 0.97 1.31

No 1.00 1.00

13–24 months Yes 1.40 1.12 1.75 1.24 0.97 1.58

No 1.00 1.00
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Variable Unadjusted a Adjusted b

OR 95% CI p OR 95% CI p

LL UL LL UL

Time x 
vocational 
rehabilitation

Pre-surgery Yes 0.81 0.61 1.06 < 0.0001 1.04 0.77 1.38 < 0.0001

No 1.00 1.00

0–6 months Yes 0.65 0.52 0.80 0.85 0.68 1.07

No 1.00 1.00

7–12 months Yes 0.51 0.43 0.59 0.57 0.48 0.68

No 1.00 1.00

13–24 months Yes 0.77 0.65 0.92 0.89 0.73 1.08

No 1.00 1.00

Time x days 
from ACL 
injury to 
ACLR

Pre-surgery 14–79 1.00 < 0.0001 1.00 < 0.0001

80–126 1.14 0.80 1.62 1.20 0.84 1.72

127–230 1.00 0.69 1.44 1.16 0.8 1.69

230+ 1.10 0.77 1.57 1.39 0.97 2.01

0–6 months 14–79 1.00 1.00

80–126 0.94 0.73 1.21 0.98 0.76 1.27

127–230 0.73 0.56 0.95 0.82 0.62 1.07

230+ 0.61 0.46 0.80 0.72 0.54 0.97

7–12 months 14–79 1.00 1.00

80–126 0.79 0.65 0.95 0.81 0.66 0.99

127–230 0.47 0.39 0.58 0.50 0.41 0.62

230+ 0.45 0.37 0.56 0.52 0.42 0.65

13–24 months 14-–9 1.00 1.00

80–126 0.91 0.73 1.14 0.96 0.76 1.22

127–230 0.65 0.52 0.81 0.71 0.56 0.91

230+ 0.51 0.40 0.64 0.60 0.47 0.77

Note. ACL = anterior cruciate ligament; ACLR = anterior cruciate ligament repair; CI = confidence interval; LL = lower limit; UL = upper limit.

a unadjusted except for time effects.

b adjusted for gender, age at date of ACLR, presence of vocational rehabilitation post-ACLR, and number of days between ACL injury and ACLR. 


