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Abstract

Background: There is paucity in studies reporting long-term results following anterior cruciate ligament 
(ACL) rupture. A UK national ligament registry (NLR) designed to collect demographic, clinical and outcome data 
on patients undergoing ACL reconstruction was launched in 2013. There was therefore an emergent question on 
the role of such registry as an additional source of evidence. 

Study aims: A framework analysis aimed to provide a basis for the evaluation of outcomes following ACL 
management and formulate a structure of the evidence, which can be derived from the registry. 

Methods: A systematic approach was adopted to select relevant studies. Qualitative thematic and meta-
narrative analyses were conducted. Level-1 registry data were recorded for all primary ACL reconstruction 
procedures from January to June 2016. Registry data content and validity were evaluated.

Results: Seven studies were suitable for analyses yet none defi ned the pattern of meniscal injury following 
initial treatment. When reported the incidence varied markedly between 23% and 80%. There was evidence of 
collection of at least one principal outcome measure in at least 85% of participants across all studies. Thematic 
analysis identifi ed four key domains of outcome measures (1) intervention selection, (2) Knee stability evaluation, 
(3) Patient reported outcomes, (4) Radiographic evaluation and risk of secondary osteoarthritis. Graft choice, 
rate of meniscal and chondral injuries and cumulative risk of revision surgery had incomplete and inconsistent 
reports. Comparison of demographic and clinical data with the fi rst registry report demonstrated: predominately 
younger patient population; older female patients at time of intervention; and higher incidence of meniscal tears. 

Conclusions: Registry data driven quality and research improvement open a new paradigm in ACL 
reconstruction evidence base and future practice. Early observations have consolidated the importance of 
associated meniscal injuries in the management of ACL rupture. Further work is needed to improve registry data 
completeness, accuracy and validity. A proposed data migration process using available technologies can help 
harmonise data collection without the added burden on clinical services.
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Introduction

Longitudinal prospective data collected in clinical registry contain speci ic clinical 
information on diagnosis and surgical procedures. A core component of any successful 
registry is a standardised data management approach and outcome reporting of a large 
scale. Lessons have already been learnt from well-established registries such as the 
National Joint Registry (NJR) on long-term outcomes related to implant survival and 
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revision surgery. Similar to its predecessor the UK National Ligament Registry (NLR) 
has the potential to offer the ability to guide future clinical practice and health care 
policy.

Short to intermediate-term outcomes for both surgical reconstruction and 
structured rehabilitation treatments are well documented with Level-I and II evidence 
[1]. ACL reconstruction is utilized more commonly to facilitate return to sports and to 
protect the menisci and articular cartilage. Arguments for ACL reconstruction advocate 
prevention of instability, restoration of normal kinematics, and return to normal 
function and sports. Ultimately allowing joint preservation by preventing secondary 
meniscal lesions and degenerative changes, which can result from abnormal joint contact 
stresses [2-4]. In contrast, other authors reported satisfactory results and restoration 
of function with adequate rehabilitation. Structured rehabilitation is often reserved 
for lower-demand and older patients. Thus avoiding the risk of arthro ibrosis, graft 
impingement, graft failure, infection, and donor site morbidity [1,3,5,6]. Nordenvall 
et al concluded that ACLR had no protective effect against secondary osteoarthritis in 
the Swedish patient’s registry. This study however used solely secondary procedures 
as a surrogate marker of osteoarthritis [7]. A high pro ile editorial published in the 
British Medical Journal in January 2015 has fuelled the debate further. Lohmander and 
Roos highlighted the limited evidence for the need to reconstruct the ACL [8]. These 
authors used results from their own trial’s report published in 2010 to substantiate 
their claims [9]. In this randomized controlled trial it is suggested that structured 
rehabilitation may also be appropriate for younger active patients. In contrast, it is 
reported that over a third of patients who defer ACL reconstruction return for surgery 
within two years, deferred surgery was also associated with a higher incidence of 
meniscal injury requiring surgery [10-12]. The latter indings were robustly echoed 
in a large observational study of over 5000 patients with ACL rupture [12]. The 
presence of such contrasting opinions exhorts the need to investigate a balanced 
argument based on methodological appraisal of the best available evidence as well 
as considering other sources of evidence. Numerous trials only report a proportion of 
their principal outcome measures; this can lead to misinterpretation of evidence and 
creates a high risk of bias. Selective reporting can further distort the evidence base 
leading to the misrepresentation of advantages of interventions [13-21]. Makhni et al 
carried out a quantitative evaluation of variability in studies investigating ACLR. They 
analysed 119 studies published across all high impact factor orthopaedic literature. 
The authors found a high degree of variability in outcome reporting, with only 50% 
reporting objective outcome measures, and only 24% reporting return to pre-injury 
level of function. The authors noted also a high variability in instrumented assessment 
of laxity [22]. Consequently, a systematic review with meta-narrative analyses of 
studies, which compared ACL reconstruction vs. non-operative treatment with long-
term results, was conducted in order to evaluate the literature and help formulate a 
baseline argument on the role of NLR as a possible source of evidence. 

Methods

A systematic search of the literature was performed using terms related to: 
anterior cruciate ligament, reconstruction, surgical, operative, treatment, non-operative, 
non-surgical, immobilisation, physiotherapy, rehabilitation, brace. The search syntax, 
alternative keywords, and term variations were used across all database records. 
Search database utilised were: MEDLINE®, Embaseᵀᴹ, CINAHL® (cumulative index to 
nursing and allied health literature) and the Cochrane Central Register of Controlled 
Trials (CENTRAL) (Figure 1). Selected studies were used to evaluate quality and 
completion of main outcome measures reported in the ACL literature (summarised in 
tables 1 and 2).
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Table 1: Summary of study parameters.

Study
Numbers 

operative vs. 
non-op

Mean 
Age 

Gender 
(M/F)

Injury to 
intervention

Time (months)

Diagnostic 
modality

Associated injury
Operative
Treatment

Non-Operative
Treatment

Follow up
Mean &
Range 
(years)

Fink et al. 113 (72 vs. 41)
Op: 36.6
Non-op 

32.3
55/16 3.3 Arthroscopy

48% meniscal 
15% MCL

Open BPTB
Hamstring, cycling, 

swimming
5-7 then 

10-13

Frobell et al. 121 (62/59) 26 88/32 > 4 weeks? MRI
51% meniscal
31% chondral

Arthroscopic BPTB or 
Hamstring

? 5

Kessler et al. 109 (60/49) 30.7 68/41 ? Arthroscopy
35% meniscal/

Chondral
Arthroscopic BPTB

Brace 6/52 then 
gradual physio

11.1

Meuffels 
et al.

50 (25/25)
Op 37.6
Non-op 

37.8
38/12 6 (2-258)

Arthroscopy or 
MRI

74% meniscal
38% chondral

Open BPTB
Active rehab and 

ROM
10

Mihelic et al. 54 (36/18)
Op 25.3
Non-op 

25.5
44/10 19 Arthroscopy

28% MM
5% both menisci

Open BPTB
POP 3 weeks. ROM 

& strength
17-20

Streich et al. 80 (40/40)
Op: 26

Non-op: 
24

56/24
Op 7.3

Non-op 5.8
Arthroscopy

24% partial 
meniscetomy

Arthroscopic BPTB
Close kinetic chain 

exercises
15

Swirtun et al. 57 (22/35) 32 30/27 9
Arthroscopy or 

MRI
37% meniscal or 

chondral 
Arthroscopic BPTB ?

5.6
(5-6)

?: Not reported. BPTB: bone patellar tendon bone. MRI: magnetic resonance imaging. MM: medial meniscus. MCL: medial collateral ligament.

Table 2: Summary table for methodological evaluation of each study

Study Design

Clearly outlined selection 
criteria

Random
 subject allocation

A
llocation concealm

ent

Baseline sim
ilarities of 

prognostic factors

Participants blinding

Blinding of intervention 
providers

Blinding of assessors 
of principal outcom

e 
m

easures

M
inim

um
 85%

 com
plete 

follow
-up w

ith at least 
one principal outcom

e 
m

easure

Participants received 
allocated intervention or 
analysis by “intention to 

treat”

Reported com
parison 

betw
een groups for 

at least one principal 
outcom

e m
easure

Analysis of crude 
outcom

es, variability and/
or effect size

Fink et al. Case series Y N N Y N N N Y Y Y Y
Frobell et al. RCT Y Y N Y N N N Y Y Y Y
Kessler et al. Case series N N N N N N N Y Y Y Y

Meuffels et al.
Matched

Therapeutic
Series

Y N N Y N N Y Y Y Y Y

Mihelic et al. Case series Y N N N N N N Y Y Y Y
Streich et al. Case series Y N N Y N N N Y Y Y Y
Swirtun et al. Case series Y N N Y N N N Y Y Y Y

Figure 1: Flow diagram of studies selection process.
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Results

Search results

A total of 119 records were generated from the search, limited to 108 humans and 
English publications. This yielded 89 titles for initial screening after removal of 19 
duplicates. Following initial screening and application of the inclusion and exclusion 
criteria 58 titles and 24 abstracts were excluded. A further search including the cited 
references did not yield additional studies. The numbers and reasons for exclusion 
following rigorous titles screening, abstracts assessment and review of full texts 
are detailed in a low diagram (Figure 1). Full-text review of the inal studies was 
conducted. The inal inclusion was therefore, a total of seven studies addressing the 
question and suitable for analysis. 

Study characteristics

A summary of the study parameters is outlined in table 1. The seven studies analysed 
included a total of 584 patients, 317 were treated with ACL reconstruction and 267 
received a non-operative management approach. The mean age of participants included 
was 30 years. Three of the studies reported combined ages for both interventions 
groups. The studies comprised 379 males and 162 females. At the exception of the RCT 
conducted by Frobell et al, all patients regardless of the intervention strategy received 
a diagnostic arthroscopy to con irm the status of ruptured ACL. The implication of 
this practice in terms of diagnostic accuracy and therapeutic effect is discussed below. 
Nevertheless, this practice is largely superseded nowadays by the wide availability of 
MRI scanning. Although three studies recorded the use of diagnostic MRI scanning, 
their overall utilisation was not adequately reported [23-25]. The mean interval 
between injury and treatment was 7.6 months, however this was inadequately 
recorded in two of the studies [23,26]. In addition, the duration prior to treatment was 
signi icantly variable from one to over 35 months [24,24]. The surgical intervention 
across all studies consisted of bone-patellar tendon-bone (BPTB) graft reconstruction. 
Frobell et al included patients who also received Hamstring grafts [23]. The non-
operative management strategy consisted of exercise rehabilitation program followed 
by a gradual return to normal function including sports. Two studies adhered to an 
initial period of brace or splint immbolisiation [26,28]. All studies reported at least one 
principal outcome measure at a minimum of ive years follow-up. The longest period of 
follow up was 20 years [28]. 

Methodological appraisal of studies

The study conducted by Frobell et al. was the only article, which compared the 
results of operative versus non-operative treatment using a randomised, controlled 
trial design [23]. The remaining six studies followed retrospective paired and non-
paired comparisons. All studies achieved adequate follow up of results outlined 
in their outset. There was evidence of collection of at least one principal outcome 
measure in at least 85% of participants across all studies. In addition, ive studies 
demonstrated baseline equivalence of potential prognostic factors between the two 
intervention groups. All seven studies reported comparison between groups for at 
least one principal outcome measure. A summary of the methodological evaluation 
for each study is presented in table 2. The results indicate that the current evidence-
base portrays methodological limitations associated with a high risk of bias. With the 
exception of the RCT by Frobell et al. the remainder of the studies followed a subjective 
selection of participants determined by surgeon and/or patient’s choices. Given the 
designs of the studies there was no scope for blinding of assessors of intervention 
outcomes. Although it constituted a substantial source of bias, lack of blinding is a 
widely recognised design limitation in orthopaedic research [29,30]. Appraisal of the 
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studies identi ied using a systematic approach revealed recurrent limitations and a high 
risk of bias. These observations are echoed in previous studies [1,31]. Consequently, 
the ability to determine the true extent of differences between the two interventions 
was signi icantly mitigated. 

The meta-narrative results were analysed according to the key areas representing 
the most important study parameters, prognostic factors and outcome measures. 
These domains should constitute the focus of attention for completeness of outcome 
measures comparing ACLR and non-operative interventions. Following analysis of 
the key concepts it was possible to establish the relationships between the studies as 
well as identify areas where incomplete and variable outcome measures had occurred. 
The numbers of surgeons involved were not fully disclosed in three [23,24,27], out 
of the seven studies, and two of the studies used age as selection criteria for ACLR 
[23,27], while the remainder relied on subjective criteria depending on surgeons 
and patients preferences. In addition, ive studies relied solely on arthroscopy 
for diagnosis, indicating that patients who did not receive ACLR still had a surgical 
intervention [23,26-28,32]. Similarly, four studies reported the use of open surgical 
technique [24,27,28,32], one study used both open and arthroscopic with no report 
of subset analysis in relation to technique or graft choice [26]. The average interval 
between diagnosis and surgical intervention varied greatly with a mean lead-time 
between three and nine months. Postoperative immobilisation was also variable, one 
study did not report on this important aspect of management [25,28], the remainder 
of studies ranged from two to six weeks in cast or knee brace. None of the studies 
de ined the pattern of meniscal injury and meniscal status following initial treatment. 
Furthermore, three studies did not report the proportion of injured knee associated 
with meniscal lesions [25,28]. When reported, the incidence varied markedly between 
23% and 80%. The proportion of meniscal lesion requiring operative treatment was 
not clearly reported in four out of the seven studies [24,25,28,32]. Nevertheless, the 
remaining studies indicated an increased risk of secondary meniscal surgery following 
non-operative management of two to four folds when compared to patients treated with 
ACLR. While graft rupture was the most commonly reported complication, ive studies 
did not report adverse events following each intervention [23-27]. ACLR revision 
surgery was only reported in three of the studies [26,27]. Among these Kessler et al 
excluded this group from their inal analysis [26]. In terms of knee stability evaluation, 
none of the studies used evaluation of knee stability in pre-operative assessment or as 
part of patient’s selection. KT 1000 and post-operative Lachman test were reported 
in ive studies, demonstrating better results in ACLR groups. Streich et al showed 
no difference in KT 1000, [32], and Frobell et al demonstrated improved results in 
Lachman and Pivot Shift tests [23], results were not however clearly outlined for the 
subgroup treated with physical rehabilitation alone. Swirtun et al used neither clinical 
nor objective measurement of knee stability [25]. 

Discussion
ACL registries as an alternative source of evidence, lessons learned

In a report from the Swedish national ligament registry [33], 95% of primary ACL 
reconstruction was carried out using hamstring auto-graft in 2012. This was an increase 
from 80% in 2005. The registry showed that an entire primary ACL reconstruction 
population had a rate of 33% meniscal injuries and 27% chondral injuries [33,34]. 
When compared to BPTB the revision rates were similar, however patients who had 
undergone hamstring reconstruction demonstrated better functional scores at 5 years 
post-operatively. The cumulative risk of revision following primary ACLR was 3.3% 
and this increased to 5.7% in patients younger than 19 years. In the same report, 
female patients scored worse than male counterparts for return to sports and pre-
injury level of activity, corroborating previous biomechanical studies, which suggested 
that female athletes have a more ligament dominated knee stability [33]. 
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In the US, The Multicenter Orthopaedic Outcomes Network (MOON) consortium 
was created in 2002 to enroll and longitudinally follow a large population cohort of 
ACLR [35]. Although only limited to seven large centres it has been reported that the 
MOON cohort has had an important in luence on the management of ACL rupture. 
The MOON collected database led to changes in ACLR practice including the use of 
auto-graft for high school, college, and competitive athletes in their primary anterior 
cruciate ligament reconstructions [35]. Other modi ications included treatment 
options for meniscus and cartilage injuries, as well as lifestyle choices made after 
anterior cruciate ligament reconstruction [35]. The same long-term results have also 
helped the evaluation of societal and economic impact of ACL ruptures [4], ACLR 
was shown to be more cost effective compared to rehabilitation alone when taking 
into consideration indirect costs such as work and earnings [4,36]. In addition, the 
California (US) based Kaiser-Permante ACL cohort clearly de ined patients related 
factors in the indication for early ACL reconstruction, based on initial knee stability 
testing and pre-injury levels of sports participation [37]. The rate of late primary 
reconstruction was 16% compared to the 51% recorded in the RCT by Frobell et al. 
[23,37]. The same database showed no correlation between severity of initial injury 
and late onset degenerative changes, suggesting a greater link to knee stability and level 
of functional demand [37,38]. Similar results were echoed in the Delaware-Oslo ACL 
cohort akin to a multicenter clinical registry. The latter group also demonstrated the 
importance of patients and activity level on long-term outcomes at 10 years following 
ACL injury. They demonstrated that a subset of patients could be managed with 
rehabilitation alone [39,40]. The severity of initial knee instability, activity level and 
functional demand measured on KOOS score were outlined as useful cutoff variance 
for patients potentially able to derive good outcomes from non-operative treatment 
[40]. The reported incidence of associated meniscal injuries in the earlier literature 
varied markedly between 23% and 80% [23-28]. UK-NLR demonstrated comparable 
igures to previous observational studies [12,41,42]. 

Results from the MOON cohort enabled the creation a vast plethora of evidence 
on patients’ risk factors and ACL reconstruction outcomes, rate of graft failures, 
and outcomes in relation to concomitant soft tissue knee injuries [43]. In contrast, 
information about surgical outcome and adverse events following ACLR in the UK had 
been traditionally con ined to limited series from individual surgeons and specialized 
units [44]. 

Another useful role for the registry is the ability to use cumulative revision rates 
of primary ACLR and correlate these with the various prognostic factors stipulated 
in earlier studies. For instance a recent study derived from the Kaiser Permante 
ACL registry (California, USA) has demonstrated that femoral drilling technique and 
graft ixation devices had markedly changed over the last seven years, even though 
cumulative ACLR revision rates remained stable [45]. 

Why do we need a UK ACL registry?

Traditionally, studies in luencing technical choices included biomechanical in-vitro 
analyses, as well as successes and failures reported in experimental studies or case 
series. In comparison the ACL registry will include prospective data collection from 
all centres hence reducing the risk of recall and selection bias. Consequently, even 
surgeons from low volume institutions will become able to compare and if needed alter 
their practice in order to improve outcomes. Furthermore, recommendation on timing 
of intervention, need for associated procedures, and surgical volumes can be derived 
from such registries. Even though lessons can be learned from other ACL registries, the 
need for a UK based ACL registry had become vital. There are variations in the patients’ 
populations and local practices across the already established registries. This has been 
outlined in the reported differences in techniques and outcomes from The Danish knee 
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ligament registry and the MOON group [46,47]. Therefore, our own national registry 
will not only help in luence local practice and research but also allow comparison with 
other registries at an international level. 

Potential shortfalls

At present clinical registries globally suffer from unattained full potential. The 
latter often stems from limitations in the validity and accuracy of data collected. A 
recent study comparing NJR data with the London Implant Retrieval Centre reported 
that 39.1% of retrieved implants were not recorded by the NJR [48]. Similarly, in other 
registries such as the Scandinavian hip registry only 67% of prosthetic infection were 
accurately recorded when compared to other sources, namely prescription registries, 
lab results and disease surveillance studies [49]. This global situation is not limited to 
clinical data. Another recent study identi ied discrepancies in demographic as well as 
comorbidities information when comparing trauma registries in the US [50]. 

In addition, the registry in its original version relied on patients’ access to the 
Internet and a valid email address. Access to an email address, computer literacy, and 
loss of email contact due to spam ilter or fear of Internet fraud might be at the source 
of this limiting factor [51,52].

Conclusion and Future Solutions

The ability to evaluate a large number of patients in various settings and to evaluate 
multiple exposures and outcomes simultaneously offers a clear advantage as an 
additional source of evidence base. The focus of future work should be on registry 
data evaluation and data quality assurance, drawing lessons from the benchmark 
established by the NJR. The future for UK-NLR data quality assurance will be to 
replicate the practice established by the NJR especially the NJR data quality audit. 
The latter has been rolled-out on a national program of local data completeness and 
accuracy audits, following the development of an audit toolkit during a six hospitals 
pilot phase [53]. The majority of NHS trusts have participated using a standardised 
approach to facilitate and support the audit process. A data migration process, a so 
called “push to registry” function, using available technologies can also help harmonise 
data collection without the additional load on clinical teams. Linking the registry to 
clinical databases can be laborious and inancially demanding. However, this approach 
is technically achievable and has gained international acceptance as illustrated by 
models from arthroplasty registries.
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