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Rehabilitation versus surgical reconstruction for non-acute 
anterior cruciate ligament injury (ACL SNNAP): a pragmatic 
randomised controlled trial 
David J Beard, Loretta Davies, Jonathan A Cook, Jamie Stokes, Jose Leal, Heidi Fletcher, Simon Abram, Katie Chegwin, Akiko Greshon, 
William Jackson, Nicholas Bottomley, Matt Dodd, Henry Bourke, Beverly A Shirkey, Arsenio Paez, Sarah E Lamb, Karen Barker, Michael Phillips, 
Mark Brown, Vanessa Lythe, Burhan Mirza, Andrew Carr, Paul Monk, Carlos Morgado Areia, Sean O’Leary, Fares Haddad, Chris Wilson, 
Andrew Price, on behalf of the ACL SNNAP Study Group*

Summary 
Background Anterior cruciate ligament (ACL) rupture is a common debilitating injury that can cause instability of the 
knee. We aimed to investigate the best management strategy between reconstructive surgery and non-surgical 
treatment for patients with a non-acute ACL injury and persistent symptoms of instability.

Methods We did a pragmatic, multicentre, superiority, randomised controlled trial in 29 secondary care National 
Health Service orthopaedic units in the UK. Patients with symptomatic knee problems (instability) consistent with an 
ACL injury were eligible. We excluded patients with meniscal pathology with characteristics that indicate immediate 
surgery. Patients were randomly assigned (1:1) by computer to either surgery (reconstruction) or rehabilitation 
(physiotherapy but with subsequent reconstruction permitted if instability persisted after treatment), stratified by site 
and baseline Knee Injury and Osteoarthritis Outcome Score—4 domain version (KOOS4). This management design 
represented normal practice. The primary outcome was KOOS4 at 18 months after randomisation. The principal 
analyses were intention-to-treat based, with KOOS4 results analysed using linear regression. This trial is registered 
with ISRCTN, ISRCTN10110685, and ClinicalTrials.gov, NCT02980367.

Findings Between Feb 1, 2017, and April 12, 2020, we recruited 316 patients. 156 (49%) participants were randomly 
assigned to the surgical reconstruction group and 160 (51%) to the rehabilitation group. Mean KOOS4 at 18 months 
was 73·0 (SD 18·3) in the surgical group and 64·6 (21·6) in the rehabilitation group. The adjusted mean difference 
was 7·9 (95% CI 2·5–13·2; p=0·0053) in favour of surgical management. 65 (41%) of 160 patients allocated to 
rehabilitation underwent subsequent surgery according to protocol within 18 months. 43 (28%) of 156 patients 
allocated to surgery did not receive their allocated treatment. We found no differences between groups in the 
proportion of intervention-related complications.

Interpretation Surgical reconstruction as a management strategy for patients with non-acute ACL injury with 
persistent symptoms of instability was clinically superior and more cost-effective in comparison with rehabilitation 
management.

Funding The UK National Institute for Health Research Health Technology Assessment Programme.

Copyright © 2022 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY 4.0 
license.

Introduction 
Anterior cruciate ligament (ACL) rupture is a common 
knee injury that can have a profound effect on knee 
kinematics (knee movement and forces) with recurrent 
knee instability (giving way) as the main problem. The 
injury mainly affects young, active individuals, with an 
estimated 200 000 injuries annually in the USA.1,2 The 
instability leads to poor quality of life, decreased activity, 
and increased risk of secondary osteoarthritis of the 
knee.3 Management of patients with an ACL injury 
can include a non-surgical (rehabilitation) or surgical 
(reconstruction) approach. Rehabilitation involves 
specialised physiotherapy exercises whereas the surgery 
involves reconstructing the ligament, usually with 

tissue taken from the injured person’s own body 
(autograft).

In England, an estimated 30 000 primary ACL 
reconstruction surgeries are done each year4,5 and Swedish 
ACL registry data suggest an incidence of 71 surgeries per 
100 000 population per year.6 The age-standardised rate of 
ACL reconstruction in the UK increased by 12 times 
from 1997 to 2017 to 24·2 surgeries per 100 000 population.5 
Based on the conservative estimate, the annual cost of ACL 
reconstruction to the UK National Health Service (NHS) 
in 2015 was £63–85 million. Rehabilitation management 
can be much cheaper than surgery but still has a cost 
burden for health-care services. Despite there being many 
studies in ACL injury, there remains insufficient and 
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conflicting evidence to show which management strategy 
is best to guide decision making in long-standing injured 
but symptomatic patients.7–10

High-quality trials have been done in the management 
of patients with (mostly acute) ACL injury with conflicting 
findings. The Swedish KANON trial by Frobell and 
colleagues11 suggested that rehabilitation should always be 
attempted in the first place for acute cases and that a 
period of rehabilitation before considering surgery can 
reduce the need for ACL surgery by up to 50%. By contrast, 
the Dutch COMPARE trial by Reijman and colleagues12 
suggested that early ACL reconstruction might give better 
results for acute patients compared with receiving 
rehabilitation first. This study examined clinical 
effectiveness and cost-effectiveness of two treatment 
strategies (surgery or rehabilitation) for 167 patients with 
ACL injury and showed better self-reported outcomes in 
the surgery group compared with in the non-surgical 
group. However, the conversion from rehabilitation to 
reconstruction was also around 50% in this study.12

Although both previous trials have generated high-
quality evidence, their contrasting findings and lack of 
applicability to managing less acute ACL injuries (such as 

in the NHS13–15) provides strong justification for this trial. 
Patients with ACL rupture often present as non-acute, 
sometimes having sustained injury sometime earlier 
(≤12 months can have passed since initial injury16). The 
optimum management for these patients with ACL injury 
remains without evidence. Arguments exist for both 
options. Surgery is often the default management but is 
expensive and might also lead to complications.4,17 Routine 
prescription of formal rehabilitation, if it is not as good as 
surgery at stabilising the knee, could be considered 
wasteful. Moreover, prescription of rehabilitation might 
disadvantage individuals with ACL injuries by delaying 
optimum treatment, leading to secondary problems.

We aimed to investigate, in patients with non-acute 
ACL deficiency, whether a strategy of non-surgical 
management with the option for later ACL reconstruction 
if required, was more clinically effective and cost-effective 
than a strategy of immediate surgical reconstruction.

Methods 
Study design and participants
The detailed study protocol has been published 
previously18 and all information on the design and 

Research in context

Evidence before this study
Despite being a common injury, existing management for 
anterior cruciate ligament (ACL) injury is based on insufficient 
evidence, which has led to a highly varied approach to 
management. The condition can be treated surgically or non-
surgically, often with a preference from patients and surgeons for 
surgical reconstruction. A Cochrane systematic review examined 
whether surgery or non-surgical (conservative) management was 
superior for ACL injury. The study concluded that no high-quality 
evidence existed on which to base practice. Surgical stabilisation 
of the knee joint is common, but uncertainties remain over 
whether surgery is any more beneficial than non-surgical 
intervention, particularly in patients with ongoing instability and 
longer-term injuries. The 2013 KANON study showed that an 
operation was unnecessary for some patients with acute ACL 
injury and that previous rehabilitation before considering 
surgery reduced the need for ACL surgery by up to 50%. 
Although this study provided good evidence for recently 
injured individuals, the findings could not be applied to a 
population of symptomatic patients with longer-term injury 
typically seen in some health-care settings (such as the National 
Health Service in the UK).

The COMPARE trial in the Netherlands provided contrasting 
conclusions to the KANON trial. 167 patients with acute ACL 
rupture from six hospitals had improved symptoms, function, 
and sport levels at 2-year follow-up after early surgical 
reconstruction compared with initial rehabilitation and 
subsequent surgery. The inference is that surgery is superior but 
the clinical recommendation is complicated by the frequency of 

observed conversion to surgical reconstruction. Despite poorer 
outcomes in the rehabilitation group, 50% of these patients did 
not require (or select) subsequent surgery, similar to results of the 
KANON trial.

The contrasting findings from the few clinically relevant 
studies, and the need to account for less specific populations, 
highlighted the need for a robust randomised trial of ACL 
management comparing surgical and non-surgical 
management in individuals with longer-term ACL injury.

Added value of this study
This study showed that, in patients with non-acute ACL injuries 
with persistent symptoms of instability and giving way, surgical 
reconstruction was a superior clinical management 
option, in terms of outcome after 18 months, compared with 
management with rehabilitation therapy. The risks associated 
with surgery are minimal.  The study adds value by providing 
new evidence for a specific population of patients with ACL 
injury (more long standing and less acute than in existing 
studies) and by being a pragmatic investigation in several 
centres. These findings can be used to guide treatment options 
for this specific patient group. 

Implications of all the available evidence
For unstable symptomatic patients with a non-acute 
presentation, surgical reconstruction should be the treatment 
of choice. Patients can still undergo non-surgical treatment and 
obtain benefit, but the superior benefit of reconstruction in this 
particular population should be explained during any shared 
decision-making process, along with the risks.
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methodology is contained within the publication. In 
summary, the ACL Surgery Necessity in Non-Acute 
Patients  (ACL SNNAP) trial was a pragmatic, 
multicentre, superiority, randomised controlled trial 
done in 29 NHS secondary care hospitals across the UK 
(appendix p 2). The trial was designed as a pragmatic 
management assessment in which specific events were 
expected and permitted. This design included the option 
for later surgical intervention (ACL reconstruction) in 
the non-surgical group, only if required (appendix p 3). 
A two-stage internal pilot was included.

Patients with symptomatic knee problems (instability) 
consistent with an ACL injury (see inclusion and exclusion 
criteria in the published protocol) were eligible. Partial or 
complete tears were confirmed at routine outpatient 
appointment using MRI (and occasionally by clinical 
assessment). Symptomatic instability included episodes 
of the knee giving way or a feeling of instability with 
movement or activity. We excluded patients with meniscal 
pathology with characteristics that indicate immediate 
surgery—ie, locked knee or large bucket handle tear or 
complex cartilage tear. We also excluded any patients with 
evidence of later stage osteoarthritis (grade 3 or 4 on the 
Kellgren and Lawrence scale19), as well as patients with 
multi-plane, multi-ligament instability. We included 
patients with partial tears with gross instability symptoms, 
in line with normal clinical practice—management for 
such patients will be identical to that for patients with 
complete ACL rupture. All patients had to be potential 
candidates for both management options of ACL 
reconstruction and rehabilitation.

Potential patients were identified in routine orthopaedic 
outpatient and pre-assessment clinics by the local clinical 
team. Written consent was obtained for all patients. 
Patients who wished to participate completed an informed 
consent form and baseline questionnaire (see published 
protocol for detail). Ethics approval was given by the 
National Research Ethics Service, Oxfordshire Research 
Ethics Committee in October, 2016 (16/SC/0502).

Patients contributed to the design of the study and 
supported the development of the funding proposal and 
conduct of the study. Early in the project the patient and 
public involvement (PPI) group helped ensure that 
patient information sheets and report forms were 
accessible and user friendly. A patient representative was 
an active member of the trial steering committee and, as 
part of this role, contributed to the monitoring and 
supervision of trial progress.

Randomisation and masking 
Randomisation was to one of two management options: 
non-surgical management (rehabilitation) or surgical 
management (1:1) by computer allocation using a 
centrally managed web-based automated system 
(provided by Fr3dom, Brighton, UK). The allocation was 
generated using permuted block randomisation with 
varying block sizes stratified by baseline Knee Injury and 

Osteoarthritis Outcome score—4 domain version 
(KOOS4; <30 or ≥30) and recruitment site. Randomisation 
took place following the baseline assessment visit. 
Because of the nature of the interventions, neither 
participants nor health-care practitioners (surgeons and 
physiotherapists) were masked to the intervention.

Procedures 
The study interventions are well described in the published 
protocol and used a pragmatic approach in which content 
was based on a minimal set of pre-established criteria. 
This method ensured the integrity of the comparison 
while allowing for usual variation in practice.

Patients who were randomly assigned to rehabilitation 
were referred to their nearest physiotherapy department 
to undergo physiotherapy delivered (or closely 
supervised) by a senior physiotherapist with experience 
of ACL injury. Routine ACL rehabilitation protocols 
(with documentary evidence) were followed at individual 
sites. Mandatory aims included the provision of 
a minimum of six rehabilitation sessions delivered 
over at least a 3-month period (appendix pp 14–16). The 
rehabilitation protocol had to include the following 
components: control of pain and swelling; regaining 
range of movement; improving neuromuscular control; 
regaining muscle strength; achieving normal gait 
pattern; and returning to function, activity, or sport. 
Sites were required to have clearly identified progression 
milestones and return-to-sport criteria with 
identification criteria for poor progression or non-
progression.20

The progress of patients randomly assigned to 
non-surgical management was monitored regularly by 
their physiotherapist or surgeon. If, after a minimum 
period of at least 3 months of rehabilitation (or before, if 
instability or symptoms occurred before completion of the 
3-month period), the participant continued with 
symptomatic knee instability or symptoms related to 
associated pathology (ie, pain or locking), the non-surgical 
management was considered to have been unsuccessful. 
This intermediate outcome was confirmed at a review 
clinical appointment and the following criteria were 
confirmed: continued feeling of knee instability or 
symptoms (ie, pain or locking) related to the associated 
pathology, at least two episodes of giving way of the knee, 
and unable to return to a Tegner activity level 2 points 
below that of their pre-injury status.

Following a policy of shared decision making, the 
patient and surgical team then decided whether to proceed 
with ACL reconstruction surgery to address continued 
symptoms or instability. If appropriate, the participant 
was listed for surgery, as per usual practice. These 
management conversions were within protocol and not 
considered crossovers.

Patients randomly assigned to reconstructive surgery 
were placed on a surgical waiting list to undergo a 
standard ACL reconstruction procedure. Operations were 

See Online for appendix
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carried out according to the discretion of the participating 
surgeon. Two types of commonplace ACL reconstruction 
were acceptable: one using a patella tendon graft and the 
other using a hamstring graft. Any physiotherapy advice 
and any treatment aimed at the acute presentation 
(ie, swelling, regaining range of motion, etc) before 
surgery was permitted, but no formal ACL rehabilitation 
programme or specific prescription for ACL remedial 
exercise beyond basic maintenance exercises were 
permitted. All other care was routine, including 
immediate postoperative care. Patients were engaged in a 
postoperative rehabilitation programme as per standard 
care at the participating hospital. Surgery was performed 
or supervised in theatre by a specialist consultant knee 
surgeon with recognised expertise in ACL reconstruction 
(having done ≥50 previous ACL reconstructions).

A surgical case report form was used to document the 
operation and monitor compliance with the intervention 
guidelines. The content of, and adherence to, the 
postoperative rehabilitation was also recorded for any 
patient undergoing surgery.

Baseline data were collected in clinic (using a web-
based data collection system) just before randomisation. 

The KOOS4 and details of the baseline level of ACL 
injury with associated knee pathology from the MRI 
report were also collected. Follow-up outcome data were 
collected by self-reported questionnaire completed by 
participants using a web-based data collection system for 
the primary endpoint at 18 months. A shortened version 
of the follow-up questionnaire was sent out at 6 and 
12 months. Follow-up questionnaires could also be 
completed as a paper hardcopy and returned via post or 
telephone. Clinical outcome and adherence data were 
collected throughout the trial by research teams at the 
local sites and triangulated between clinical sites and the 
research office.

Outcomes 
The primary outcome was KOOS4 at 18 months after 
randomisation (see published protocol for details)21 with 
scores ranging from 0 to 100, and a higher score 
indicating better health. 18 months after randomisation 
is when most patients will have engaged in sufficient 
activity to allow functional knee stability to be assessed 
(taking into account any delay in surgery or rehabilitation). 
The follow-up time was selected on the basis of clinician 
input, and PPI.

Secondary outcomes were knee-specific quality of life 
(ACL QoL),22 return to activity and level of sport 
participation (Tegner or modified Tegner score), health-
related quality of life (EQ-5D-5L), resource use, 
intervention-related complications, and patient satisfaction 
at least 18 months after randomisation. The outcomes 
reflected consensus opinion in a PPI group and the reference 
standard for assessing ACL injury and reconstruction.23

Statistical analysis 
The final protocol18 and statistical analysis plan24 for this 
trial have been published elsewhere. The sample size 
was calculated using the KOOS4 and a conservative 
minimal clinically important change of 8 points with an 
SD of 19.24,25 Given these assumptions, 120 participants 
per group were required (240 in total) to achieve 
90% power at a two-sided significance level of 5% in the 
absence of any clustering of outcome. To allow for just 
over 15% missing data (as in a similar trial26), 
320 participants were needed. Further details on the 
justification for the sample size calculation are provided 
in the protocol.18

All principal analyses were based on the intention-to-
treat (ITT) principle, analysing participants in the groups 
to which they were randomly assigned irrespective of 
compliance with treatment allocation. Statistical 
significance was at the two-sided 5% level, with 
corresponding 95% CIs derived. Baseline and follow-up 
data were summarised using the appropriate descriptive 
statistics. The analyses were done once the 18-month 
timepoint had been reached by the last participant.

We anticipated that the ACL SNNAP trial would involve 
several potential treatment pathways because of the Figure 1: Trial profile

156 allocated to surgical reconstruction
113 received allocated treatment

110 received sufficient 
postoperative rehabilitation

3 received insufficient 
postoperative rehabilitation

43 did not receive allocated 
treatment
11 still awaiting surgery
17 underwent rehabilitation
15 neither waiting for surgery 

nor receiving rehabilitation

28 excluded from primary  
 outcome analysis
 1 withdrew (after  
    treatment  
    allocation)
 27 lost to follow-up

160 allocated to rehabilitation
125 received allocated treatment

39 underwent subsequent 
surgery

61 completed rehabilitation with 
no surgery

25 started rehabilitation but 
insufficient or unknown 
completion

35 did not receive allocated 
treatment
26 underwent subsequent 

surgery
9 no rehabilitation or surgery

128 included in primary outcome analysis

316 randomised

1403 patients assessed for eligibility

120 included in primary outcome analysis

1087 excluded
602 ineligible
485 refused consent

40 excluded from primary  
 outcome analysis
 2 withdrew (after  

undergoing 
rehabilitation)

 38 lost to follow-up
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complex nature of the interventions and several potential 
pathway profiles were described and accounted for to 
inform the per protocol analyses.24 Item-level missing 
data were dealt with according to the KOOS manual to 
generate KOOS subscale scores.24 However, participant-
level missing data were not imputed in the principal 
analyses of the primary and secondary outcomes.

The principal analysis of the primary outcome measure 
(KOOS4) was made using a linear regression model 
including treatment group, with adjustment for the 
stratification by site and baseline KOOS4. The model 
included KOOS4 at baseline as a continuous variable and 
adjusted for stratification by site using cluster robust 
SEs. Unadjusted analyses included only the treatment 
variable in the analysis models, with adjusted analyses 
further adjusting for baseline KOOS4 and allowing for 
intra-cluster correlation between recruitment sites. We 
did further analyses of the primary outcome to assess 
compliance, missing data, comparing area under the 
curve (AUC) and subgroups (appendix p 1).

For the secondary outcomes, KOOS subscales, ACL 
QoL, and EQ-5D-5L were analysed using linear 
regression models with adjustment for randomisation 
and baseline variables as described in the analysis of the 
primary outcome. Modified Tegner activity scores were 
analysed using a Mann-Whitney U test, with 95% CIs for 
proportions calculated for patient satisfaction and return 
to pre-injury activity level. We calculated a 95% CI for the 
difference in proportions of participants who reported 
that their knee was better at 18 months than it was before 
their treatment (but after their injury) using Newcombe’s 
method 10 (also referred to as the score method). We 
summarised numbers of complications by treatment 
group and compared differences in withdrawals between 
treatment groups.

We also estimated the probability that surgical 
management was the most cost-effective option at 
different threshold values per quality-adjusted life-year 
(QALY) gained.27 We estimated health-care costs and 
QALYs for all participants from the date of recruitment 
until withdrawal from study or end of follow-up at 18 
months. Health-care costs and QALYs were discounted at 
3·5% per year and missing data were imputed with 
multiple imputation by chained equations (30 imputed 
datasets) after assessing missing at random to be a 
plausible assumption. We estimated the joint uncertainty 
around incremental healthcare costs and QALYs (ie, the 
difference between surgical and non-surgical manage
ment), and calculated the probability that surgical 
management is more cost-effective than non-surgical 
management at £30 000 per QALY. Analyses were done in 
Stata (version 17.0).

Role of the funding source 
The funder of the study had no role in study design, data 
collection, data analysis, data interpretation, or writing of 
the report.

Results 
Between Feb 1, 2017, and April 12, 2020, we assessed 
1403 patients for eligibility. Of these, we recruited 
316 (22·5%) participants (figure 1). 602 (42·9%) screened 
patients were ineligible. The main reasons included 
other study knee-related pathology such as medial or 
lateral collateral ligament injury (n=55 [9%]) or meniscal 
pathology (n=148 [25%]), having undergone previous 
knee surgery (n=91 [15%]), or having an acute injury 
(n=81 [13%]). 485 (34·6%) of 1403 screened patients were
eligible, 276 (57%) of whom declined to participate in the
trial because of preference for surgery, whereas 115 (24%) 
eligible patients declined because of preference for 
rehabilitation (appendix p 4).

156 (49%) participants were randomly assigned to the 
surgical management group and 160 (51%) to the 
rehabilitation group. Groups were similar in terms of 
baseline characteristics, with a mean age of 32·9 years 
(SD 9.8; table 1). Three patients withdrew from ACL 
SNNAP (figure 1), one of whom did not confirm their 
data that were collected up to the point of withdrawal 
could be used and therefore their outcome data are not 
presented here. The proportion of male patients was 
slightly higher in the surgical group than in the 
rehabilitation group (table 1). 108 patients (34%) had 
sustained their injury within the past 4 months and 
207 (66%) patients had sustained injury more than 
4 months ago. 68 (22%) patients had sustained their 

Surgical reconstruction 
(n=156)

Rehabilitation 
(n=159)

Total (n=315)

Sex

Male 110 (71%) 98 (62%) 208 (66%)

Female 46 (29%) 61 (38%) 107 (34%)

Age at randomisation 32·9 (10·0) 32·9 (9·6) 32·9 (9·8)

Time since injury, months

<4 58 (37%) 50 (31%) 108 (34%)

4–5 34 (22%) 37 (23%) 71 (23%)

6–8 23 (15%) 25 (16%) 48 (15%)

9–11 6 (4%) 14 (9%) 20 (6%)

12–23 11 (7%) 16 (10%) 27 (9%)

≥24 24 (15%) 17 (11%) 41 (13%)

KOOS4 at baseline 45·7 (19·6) 43·3 (18·1) 44·5 (18·9)

Tegner activity score at baseline

0–3 119 (76%) 127 (80%) 246 (78%)

4–6 32 (21%) 28 (18%) 60 (19%)

7–10 5 (3%) 4 (3%) 9 (3%)

ACL QoL at baseline 26·1 (17·4); n=156 23·2 (14·6); n=157 24·6 (16·1); n=313

EQ-5D-5L VAS 64·2 (20·8); n=154 68·4 (20·6); n=156 66·3 (20·8); n=310

EQ-5D-5L index 0·56 (0·25); n=156 0·57 (0·26); n=158 0·56 (0·26); n=314

Data are n (%) or mean (SD). One patient who was randomly assigned to the rehabilitation group withdrew and their 
outcome data were not used for the trial and are not reported in the tables. ACL=anterior cruciate ligament. 
KOOS4=Knee Injury and Osteoarthritis Outcome Score—4 domain version. QoL=quality of life. VAS=visual analogue 
scale.

Table 1: Baseline characteristics
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injury 1 year or more before recruitment and some up to 
10 years previously. Baseline patient-reported outcome 
measures were well balanced between the two treatment 
groups (mean KOOS4 at baseline was 45·7 [SD 19·6] for 
surgical management and 43·3 [SD 18·1] for those 
allocated to rehabilitation). Complete baseline data are 
provided in the appendix (p 7).

119 (38%) injuries were sustained playing football. Other 
sports (including netball, rugby, skiing, snowboarding, 
and non-specific sports) made up a substantial proportion 
of other injuries (appendix p 6). 19 (6%) of 299 patients 
had partial tears. 125 (78%) of 160 participants in the 
rehabilitation group received initial rehabilitation 
treatment within the trial. Of these, 61 (49%) patients 

completed rehabilitation treatment with no subsequent 
surgery, 39 (31%) had subsequent reconstruction for 
continued symptoms, and 25 (20%) started rehabilitation 
but did not complete the treatment (figure 1). 35 (22%) of 
160 patients in the rehabilitation group did not undergo 
the allocated rehabilitation treatment, of whom 26 (74%) 
had subsequent reconstruction. 65 (41%) patients allocated 
to rehabilitation had subsequent reconstruction for 
ongoing symptoms in line with the protocol.

113 (72%) of 156 patients allocated to surgical 
reconstruction underwent surgical reconstruction 
(figure 1). 43 (28%) patients did not undergo 
reconstruction, of whom 11 (26%) were still awaiting 
surgery and 17 (40%) elected for rehabilitation despite 
surgical allocation (figure 1). These 17 patients were 
considered outside the expected management protocols. 
The median time to surgery was 113 days (IQR 66–158) in 
the surgical management group and 237 days (156–241) 
for those who underwent surgery in the rehabilitation 
group (appendix p 8).

Of the 313 forms sent out at 18 months, 248 (79%) were 
completed. KOOS4 analyses (primary outcome) for all 
analysis populations are shown in table 2 and figure 2. 
For the ITT analysis of KOOS4 at 18 months, 128 (82%) 
participants in the surgical management group had 
scores available for analysis, compared with 120 (75%) 
participants in the rehabilitation group (table 2). Mean 
KOOS4 at 18 months after randomisation increased to 
73·0 in the surgical management group and to 64·6 in 
the rehabilitation group. The adjusted mean difference 
was 7·9 (95% CI 2·5–13.2; p=0·0053), in favour of 
surgical management (table 2). A similar number of 
patients in the surgical management and the 
rehabilitation groups had an increase in KOOS4 from 
baseline to 18 months of 8 or more (100 [78%] vs 87 [73%]). 
The per protocol pragmatic and per protocol conservative 
analyses supported the ITT results, with all treatment 
effects significantly favouring surgical management 
(table 2). Findings from complier average causal effect 
analyses similarly favoured surgical management 

Surgical 
reconstruction, 
KOOS4

Rehabilitation, 
KOOS4

Surgical 
reconstruction vs 
rehabilitation

Mean 
difference 
(95% CI)

p value

Intention to treat

Adjusted* 73·0 (18·3); 
n=128

64·6 (21·6); 
n=120

7·9 
(2·5–13·2)

0·0053

Unadjusted 73·0 (18·3) 64·6 (21·6) 8·3 
(3·3–13·3)

0·0012

Per protocol conservative

Adjusted 75·9 (16·1); 
n=94

69·1 (18·7); 
n=73

7·3 
(0·8–13·8)

0·030

Unadjusted 75·9 (16·1) 69·1 (18·7) 6·8 
(1·5–12·2)

0·012

Per protocol pragmatic

Adjusted 75·7 (16·2);  
n=95

64·8 (21·5); 
n=100

11·2 
(5·7–16·8)

0·0003

Unadjusted 75·7 (16·2) 64·8 (21·5) 10·9 
(5·5–16·3)

0·0001

Data are mean (SD), unless otherwise indicated. KOOS4=knee injury and 
osteoarthritis outcome score—4 domain version. *Main result for primary 
outcome. 

Table 2: Primary outcome analysis

Figure 2: Marginal mean KOOS4 at each timepoint in the intention-to-treat 
population
Wings represent 95% CIs. KOOS4=Knee Injury and Osteoarthritis Outcome 
Score—4 domain version.
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Figure 3: Marginal mean KOOS4 scores at each timepoint by receipt of 
surgery in the rehabilitation group
Wings represent 95% CIs. KOOS4=Knee Injury and Osteoarthritis Outcome 
Score—4 domain version.
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(appendix p 8). Assessment of influence of missing data 
(pattern-mixture model) showed the results were robust 
up to a 5-point difference in KOOS4 (in favour or against 
surgical reconstruction group; appendix pp 1, 9). We 
found no differences in treatment effect for any of the 
subgroup factors (sex, baseline KOOS4, age, and baseline 
Tegner activity scores; appendix p 9).

We did a secondary AUC analysis on the ITT population 
using KOOS4 at baseline, 6, 12, and 18 months 
(appendix p 10). The difference in AUC values was 4·1 
(95% CI 0·4–7·7; p=0·028), which was also in favour of 
surgical management. Figure 3 shows the marginal 
mean KOOS4 but with the rehabilitation treatment 
group split into those who received surgery and those 
who did not. These two subgroups had different profiles.

KOOS subscales (pain, symptoms, activities of daily 
living, sports and recreation, and knee-related QOL) were 
analysed separately as secondary outcomes (table 3). All 
subscales showed statistically significant differences in 
favour of surgical management (table 3).

One intraoperative complication was recorded in the 
surgical management group and two in the rehabilitation 
group. 11 clinical events in which a medical professional 
was encountered were recorded in the surgical 
management group (in 10 patients), compared with 12 in 
the rehabilitation group (in 11 patients; appendix pp 10–11). 
Three graft failures were reported (two in the surgical 
group and one in the rehabilitation group). The most 
common complication was newly acquired meniscal 
pathology (one in surgical management and three in 
rehabilitation; appendix pp 10–11).

115 participants in the surgical reconstruction group 
and 116 in the rehabilitation group had EQ-5D-5L scores 
available at 18 months. The mean index score for generic 
quality of life (EQ-5D-5L) was 0·77 in the surgical group 
and 0·72 in the rehabilitation group (appendix p 12). The 
adjusted mean difference was 0·04 (95% CI –0·02 to 0·10; 
p=0·22; appendix p 12).

89 (57%) of 156 participants had ACL QoL scores at 
18 months available in the surgical management group, 
compared with 82 (51%) of 160 in the rehabilitation 
group (appendix p 12). Mean ACL QoL scores were 59·7 
in the surgical group and 48·2 in the rehabilitation group 
(appendix p 12). The adjusted mean difference was 11·6 
(95% CI 4·4–18·8; p=0·0028), in favour of surgical 
management (appendix p 12).

Patient satisfaction was assessed by asking patients the 
nature of their problems at 18 months compared with 
before their treatment, as well as if they would still 
choose to have the same treatment if they were able to go 
back in time. 102 (83%) participants in the surgical 
reconstruction group said their knee was better than it 
was before treatment at 18 months, compared with 
79 (68%) in the rehabilitation group, with a difference of 
15% (95% CI 4–25) in favour of surgical management 
(appendix p 12). 98 (80%) participants in the surgical 
management group said that they would choose the 

same treatment again compared with 71 (61%) in the 
rehabilitation group (appendix pp 12–13). 21 (18%) 
patients in the rehabilitation group said that they would 
not choose the same treatment again, compared with 
six (5%) in the surgical management group 
(appendix pp 12–13).

Median Tegner activity scores at 18 months were 5 in 
the surgical reconstruction group and 4 in the 
rehabilitation group, with the difference in favour of 
surgical reconstruction (p=0·0065 Mann-Whitney U 
test; appendix p 13). At 18 months, 27 (28%) participants 
in the surgical group had returned to their pre-injury 
activity level, compared with 21 (24%) in the rehabilitation 
group (appendix p 13). 65 (68%) of 95 participants with 
available scores in the surgical group did not reach the 
activity level that they expected to return to after 
treatment, compared with 63 (73%) of 86 patients with 
scores available in the rehabilitation group 
(appendix p 13).

No ethics-reportable adverse events or serious adverse 
events were reported in the ACL SNNAP trial. Figure 4 
shows the cost-effectiveness acceptability curve capturing 
the probability that surgical reconstruction is cost-
effective compared with rehabilitation at different 
threshold values. Surgical reconstruction was the most 
cost-effective option at £30 000 (72% probability) per 
QALY gained (figure 4). This finding was a result of 
better outcomes (1·03 QALYs per participant compared 
with 0·98 QALYs per participant; p=0·17) despite higher 
health-care costs (£3186 compared with £2169 per 
participant; difference £1017 [95% CI 557–1476]; p<0·001) 
of surgical reconstruction compared with rehabilitation 
(figure 4).

Discussion 
We found that both groups improved over time but 
patients with non-acute anterior cruciate ligament injury 
undergoing immediate surgical reconstruction without 
any further intervention had substantially better 

Surgery 
(n=128)

Rehabilitation 
(n=120)

Mean 
difference

p value

Pain 85·3 (15·5) 79·3 (19·2) 5·4 (0·9–9·9) 0·020

Symptoms 79·4 (15·7) 71·9 (20·8); 
n=119

6·8 (2·7–10·9) 0·0020

Activities of 
daily living

91·2 (14·5); 
n=105

85·0 (20·3); 
n=88

8·1 (3·2–13·0) 0·0022

Sports and 
recreation

68·9 (24·9) 59·2 (29·8) 9·3 (0·3–18·3) 0·043

Knee-related 
QoL

58·1 (25·0) 48·1 (26·6) 9·7 (2·9–16·4) 0·0065

Data are mean (SD) or mean (95% CI), unless otherwise indicated. Data collection 
of the four domains used in the primary outcome was prioritised. For all five 
domains, missing data were because of  withdrawal or participant non-response. 
KOOS4=Knee Injury and Osteoarthritis Outcome Score—4 domain version.
QoL=quality of life.

Table 3: Analysis of KOOS subscales (secondary outcomes) at 18 months
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outcomes at 18 months after randomisation than did 
those undergoing non-surgical management (and any 
subsequent necessary surgery). The secondary outcome 
measures also favoured surgical reconstruction over 
non-surgical management.

A substantial proportion of patients allocated to the 
rehabilitation group underwent surgery following failure 
to stabilise the knee by rehabilitation alone. This effect 
was expected and in line with the protocol, although 
slightly smaller than was expected for non-acute patients 
and compared with more acute populations.11,23 Further 
understanding of management efficacy and profile was 
achieved by examining the subgroups within the 
rehabilitation group, namely those who completed the 
rehabilitation management in full and did not require 
surgery, and those in the rehabilitation group who 
required subsequent surgery because of continued 
persistent symptoms. Patients who did not require 
surgery in the rehabilitation group improved more 
quickly (as per KOOS4 score) but then rapidly plateaued 
with a final KOOS4 at 18 months around 12 points below 
that of the surgical group. By contrast, patients who had 
subsequent reconstruction surgery after unsuccessful 
rehabilitation were slow to progress initially (presumably 
because of continued knee instability) but at 18 months 
had KOOS4 results similar to those in the surgery group.

The study gave some insight into the effect of ACL 
injury in general. The overall mean baseline KOOS4 
was 44·5. Patients were predominantly active before 
injury, with most patients having a Tegner activity score 
above 4 before injury, compared with less than a quarter 
at recruitment. These results show the remarkable 
reduction in activity and consequence of ACL injury, 
regardless of treatment type (appendix pp 7, 13).

Although not necessarily limitations, the study revealed 
several interesting characteristics and methodological 
nuances, particularly with regard to trial conduct and 
recruitment. The slow recruitment in the early part of the 
study necessitated adjustments to inclusion criteria based 
on the screening data. This adjustment would not have 
been possible without detailed and accurate screening 
data. Early in recruitment we found that comorbidity 
resulted in substantial patient exclusions, specifically, 
meniscal pathology (148 [25%] of 602 patients were 
deemed ineligible) and medial collateral ligament injury 
pathology (55 [9%] of 602 patients deemed ineligible; 
appendix p 4). Thus, after consensus meetings the criteria 
were relaxed to include patients who had meniscal injury 
or medial collateral ligament injury not requiring urgent 
surgery. Consideration was given to constructing 
comprehensive per protocol analyses to enable fair 
comparisons and interpretations in the event of poor 
compliance, but ultimately these were only needed for 
reassurance in view of the ITT findings.

The acuteness of injury was also found to be a reason 
for non-eligibility and under-recruitment. To address this 
issue, the 4-month acuteness boundary was relaxed. The 
guidance provided to recruiting centres was to exclude 
patients only if their acute episode had not settled, which 
improved recruitment and few patients were deemed 
ineligible under an acute injury category. Importantly, 
the study findings only apply to patients with non-acute 
injury.

The initial lack of equipoise in both clinicians and 
patients was also problematic—276 (57%) of 485 patients 
who did not consent declined to participate in the trial 
because of a preference for surgery. Conversely, 
115 (24%) patients of those who were eligible but declined 
preferred rehabilitation. Site visits and extra consideration 
in trial presentation for patients, by clarifying the 
uncertainty that exists around the benefit for both 
treatment options, helped alleviate this issue. In terms of 
surgeon and clinician equipoise, these individuals were 
allowed to recognise their own lack of equipoise and 
therefore deem themselves unsuitable as a recruiting 
surgeon or site. Among clinical staff who expressed 
equipoise, continual reinforcement of this position and 
the importance of upholding this position for the benefit 
of the trial was required. A final challenge to trial conduct 
was the patient pathway and previous treatment. Several 
potential patients at screening had already undertaken a 
comprehensive rehabilitation programme, but without 
success (therefore being deemed ineligible).

Our study had several limitations. The early changes to 
the protocol to accommodate patients with a shorter 
injury history (but still not acute) to improve recruitment 
altered the characteristics of the study population. 
Overall, patients had less long-standing injury than was 
originally planned. Moreover, the study addressed a 
deliberately specific population of patients who 
continued to have ACL injury-related symptoms of 
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Figure 4: Cost-effectiveness acceptability curve
Figure plots the probability (y-axis) that surgical management is cost-effective 
compared with non-surgical management for different willingness-to-pay 
thresholds per QALY gain (x-axis). Probability captures the joint uncertainty in 
incremental costs and QALYs of surgical management compared with 
rehabilitation. Given a willingness-to-pay threshold of £30 000 per QALY gained, 
the probability that surgical management is cost-effective compared with 
rehabilitation is 0·72. QALY=quality-adjusted life-year.
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instability and had not undergone any previous formal 
treatment.

Another potential limitation is the proportion of 
patients who did not undergo surgical reconstruction, 
despite allocation to that group. The true benefit of 
surgical reconstruction could be somewhat greater than 
the ITT analysis suggests. The 18-month follow-up 
period ideally could have been longer but was constrained 
by various factors including funding. Notwithstanding, 
most patients had established their level of instability at 
this timepoint since being included in the trial. The trial 
design and analysis accounted for delayed surgery in 
both groups.

The choice of a 3-month period for rehabilitation 
(before review) was somewhat arbitrary but in line with 
normal clinical practice. No evidence supports a particular 
timeframe that is appropriate for rehabilitation 
intervention. Furthermore, the trial cannot guarantee 
best practice rehabilitation (nor was it designed to). The 
results cannot be extrapolated to high-level sports 
institutions where the frequency, content, and application 
of rehabilitation techniques might be different to that 
investigated for SNNAP (in the NHS). We had some 
concern that the trial might disadvantage patients in the 
non-surgical group, while exercising on an unstable knee. 
Patients might have had episodes of instability or giving 
way and sustain secondary damage to their menisci 
(thereby compromising longer-term outcomes). However, 
only four patients acquired meniscal damage, three in the 
rehabilitation group and one in the surgical group. A 
potential further limitation is that we were unable to 
explore reasons for the low rate of return to sports.

Over 18 months of follow-up in the ACL-SNNAP trial, 
we found that surgical reconstruction led to improved 
health-related QoL compared with non-surgical 
management, albeit non-significantly, but with higher 
health-care costs. Using £20 000–30 000 per QALY 
thresholds, we found surgical reconstruction to be cost-
effective in the UK setting. This is the first study 
estimating the effectiveness and cost-effectiveness of 
two common interventions for patients with non-acute 
ACL deficient knees. Our cost-effectiveness analysis is 
based on the largest randomised trial comparison of 
surgical and non-surgical management of patients with 
non-acute ACL injury. The health economics analysis 
also had some limitations, including the many missing 
data on use of health-care resources and EQ-5D-5L. We 
accounted for this limitation using multiple imputation.28

As the trial was embedded in routine NHS care it was 
intended to be inclusive (all patients who met the 
selection criteria at participating sites were candidates). 
We maximised methods of follow-up—ie, online, postal, 
and telephone calls to be inclusive of patients’ 
preferences for completion. In addition to study 
participants, we included a representative sample of 
clinicians and trial personnel at recruiting sites. The 
trial was promoted at national conferences to increase 

awareness of the project and encourage interest and 
geographical diversity of trial sites. Patients contributed 
to the design of the study and supported the development 
of the funding proposal and conduct of the study. Early 
in the project the PPI group helped ensure that patient 
information sheets and report forms were accessible 
and user-friendly. A patient representative was an active 
member of the trial steering committee and, as part of 
this role, contributed to the monitoring and supervision 
of the trial progress.

The ACL SNNAP trial showed that, although benefit 
can still be obtained from initial non-surgical treatment, 
immediate surgical reconstruction of the ACL in patients 
with symptomatic non-acute injury is a superior 
management strategy when compared with rehabilitation. 
The superiority of surgical reconstruction was shown in 
self-reported outcomes of function and pain, complication 
rate, and several secondary outcomes, including activity 
level and patient satisfaction. Interestingly, neither group 
had good evidence of returning to their pre-injury level 
of sport or activity. Immediate ACL reconstruction, 
despite attracting higher costs than rehabilitation, was 
shown to be cost-effective.

In shared decision making with patients with longer-
term ACL injuries (which are no longer acute), ACL 
reconstruction is likely to give superior results over a 
non-operative strategy. Patients who do not want surgery 
(for any reason) should be reassured that their injury can 
still improve with non-operative care and the option for 
later surgical reconstruction remains open.
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