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Background: Paediatric ACL injuries are increasingly common and present significant chal-
lenges. Inappropriate treatment can lead to long-term complications like instability,
growth disturbance, and osteoarthritis. The Paediatric ACL National Audit (PANA) Study
assesses UK practices and adherence to Best Orthopaedic Practice (BOAST) guidelines for
managing these injuries, identifying opportunities to improve care for young patients.
Methods: PANA was a collaborative audit of 22 hospitals in England, Wales, and Scotland,
measuring adherence to BOAST guidelines in treating paediatric ACL injuries. Orthopaedic
surgeons and trainees collected data through a secure online questionnaire about service
provision for skeletally immature patients, including diagnostic imaging, rehabilitation,
post-operative follow-up, and surgical techniques.
Results: Our analysis revealed variability in adherence to the BOAST guidelines for ACL
injuries in paediatric patients, with 65% of centres using acute knee pathways and 68% util-
ising collaborative imaging pathways. About 59% of centres conduct radiological growth
monitoring, while only 30% report functional outcomes. Less than 50% report re-rupture
rates, and 74% adhere to rehabilitation protocols.
Conclusion: The rise in ACL injuries in the paediatric population highlights the need for
standardised care delivery and reporting. Following the release of the BOAST guidelines
in 2022, this nationwide audit has revealed discrepancies in UK practices. A multidisci-
plinary approach is essential for improving patient care and outcomes by standardising
and promoting best practice.
© 2026 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY

license (http://creativecommons.org/licenses/by/4.0/).
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1. Introduction

Anterior cruciate ligament (ACL) injuries are a significant source of morbidity and functional impairment in the paediatric
population, with significant short- and long-term consequences [1]. These injuries, often caused by non-contact mechanisms
such as pivoting or landing, are becoming more prevalent due to increased participation in organised sports and intensive
training from a young age [1,2]. If not properly managed, paediatric ACL injuries can lead to recurrent instability, meniscal
and cartilage damage, and early-onset osteoarthritis [2]. The unique challenges of treating skeletally immature patients
include avoiding physeal damage while ensuring joint stability [3].

The literature shows the importance of timely diagnosis and individualised treatment approaches, ranging from struc-
tured rehabilitation for partial tears to surgical reconstruction for complete ruptures, to mitigate risks of growth distur-
bances and optimise functional outcomes [1,3,4]. Adherence to evidence-based guidelines is crucial for optimising patient
outcomes and improving the quality of care.

The Paediatric ACL National Audit (PANA) Study was undertaken to evaluate current practices among healthcare provi-
ders in the United Kingdom in managing ACL injuries in skeletally immature patients. The primary objective was to identify
variations in practice and pinpoint areas for potential improvement in the care of this vulnerable population.

This paper presents the findings of the PANA Study, which specifically examined adherence to the Best Orthopaedic Prac-
tice (BOAST) guidelines for managing paediatric ACL injuries [5]. First published in May 2022, these guidelines outline rec-
ommendations for various aspects of care, including diagnosis, treatment modalities, surgical techniques, rehabilitation
strategies, and follow-up protocols [5].

This study compared current clinical practice with the BOAST guidelines to evaluate paediatric ACL injury management
across the UK. It identifies gaps in adherence, areas for improvement, and opportunities to refine care delivery. These find-
ings can inform the development of targeted interventions and updated guidelines, aiming to improve outcomes for skele-
tally immature patients affected by ACL injuries.

2. Methods

This national audit was registered at the national level through the host institution (Cambridge University Hospital) and
approved by the British Society for Children’s Orthopaedic Surgery (BSCOS), British Association for Surgery of the Knee
(BASK), and the British Orthopaedic Association (BOA). The Qualtrics (USA) secure online questionnaire platformwas utilised
to collect data from participating trusts. Audit leads for each trust registered the audit locally and completed the online ques-
tionnaire. Audit leads could be any registered healthcare practitioner involved in the care of paediatric ACL injuries; how-
ever, it was predominantly completed by orthopaedic trainees and consultant orthopaedic surgeons.

To maximise the circulation of the questionnaire, it was presented at the East Anglia Paediatric Orthopaedic Group Meet-
ing (EAPOG) by BG and at the International Kids Knee Conference in Sheffield in 2024 by the BASK Research Lead, SMC. Stu-
dents and trainees distributed cards with QR codes at these events to collect participant details and maximise the number of
respondents. In addition, the survey link was sent to the BSCOS and BOTA mailing lists via email to further increase
participation.

The questionnaire assessed adherence to BOAST guidelines for managing paediatric ACL injuries. It collected data on diag-
nosis, treatment modalities, surgical techniques, rehabilitation protocols, and follow-up practices. A copy of the online ques-
tionnaire is available in Appendix 1.

The collected responses were compiled and analysed to assess compliance with the BOAST guidelines.

3. Results

3.1. Centres and acute knee pathways

Our audit encompassed 22 centres, distributed among England (20), Scotland (1), and Wales (1). The questionnaire, com-
pleted by 31 doctors, evaluated various aspects of managing paediatric ACL injury, including diagnosis, treatment modalities,
surgical techniques, rehabilitation protocols, follow-up practices, and data analysis. Within some centres, there was intra-
hospital variation between surgeons.

Of the centres studied, 65% (n = 20/31) had an acute knee pathway for paediatric ACL injury, whereas 35% (n = 11/31) had
no pathway in place (Figure 1). Regarding imaging, 68% (n = 21/31) had a locally agreed-upon imaging protocol, while 32%
(n = 10/31) did not have an agreed-upon imaging protocol. Within some centres, there was variation within the hospital.

The BOAST guidelines recommend that all children considered for ACL reconstruction undergo and document an assess-
ment of their remaining growth. Among the assessment methods utilised, 4 out of 31 centres employed wrist radiographs
and bone age evaluations, while 2 used X-rays and seven relied solely on bone age. Other centres applied established skeletal
age assessment methods, including the Greulich and Pyle atlas method (3 out of 31), Tanner-Whitehouse (2 out of 31), and
the Multiplier method (2 out of 31). Additionally, two centres estimated growth using a ’rule of thumb’, and six clinicians
reported that they did not formally assess remaining bone growth at their facilities.
2
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Figure 1. Assessment of acute knee pathway components across UK centres. Bar graphs showing the proportion of centres that have implemented (A) a
dedicated acute knee pathway for paediatric injuries, (B) an imaging protocol with musculoskeletal radiologist reporting, and (C) formal alignment
assessment using long leg imaging. Data was presented as a percentage relative to the frequency of responding centres.
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3.2. Case volume and treatment planning

Among the centres evaluated, 35% (n = 11/31) have established a Paediatric Knee Multidisciplinary Team (MDT) within
the trust (Figure 2). Furthermore, 55% (n = 6/11) of those centres with MDTS reported that case volume monitoring is
included in their MDT meetings.

The mean wait time for MRIs in the centres studied ranged from one week (8/31) to eight weeks (1/31), with the follow-
ing frequencies: two weeks (9/31), three weeks (5/31), four weeks (4/31), and five weeks (1/31) (Figure 3). One centre stated
that their wait time was ad hoc. Some responses specified the wait times for urgent and routine scans. The urgent scan wait
times ranged from one week (2/28), 1.5 weeks (1/31), and two weeks (2/28). The routine wait times listed were three weeks
(1/31), six weeks (1/31), seven weeks (1/31) and several months (1/31).

The surgeons conducting soft tissue knee surgeries at these centres were evaluated (Figure 4). Adult knee surgeons per-
formed 55% (n = 16/29) of the surgeries, while paediatric surgeons were responsible for 24% (n = 7/29). Combining both types
of surgeons accounted for 21% (n = 6/29).

The adequacy of treatment pathways was assessed based on access to appropriate paediatric operating rooms, perioper-
ative care, and ward facilities. Among the centres evaluated, 79% (n = 23/29) indicated they had an adequate treatment path-
way for accessing the necessary paediatric operating rooms, perioperative care, and ward facilities to prevent treatment
delays. Conversely, 21% (n = 6/29) of the centres reported a lack of sufficient treatment pathways, highlighting an ongoing
necessity for enhancements in this area for a minority of centres. Furthermore, 39% (n = 11/28) of centres stated that a locally
agreed-upon protocol for non-operative management was established and subject to ongoing review, while 61% (n = 17/28)
did not.
Figure 2. Multidisciplinary team (MDT) structure and function across UK centres. Bar graphs demonstrating (A) establishment of dedicated paediatric
knee MDTs, (B) geographical scope of MDT case discussions, and (C) implementation of case volume monitoring within MDT meetings. Data represented as
percent relative frequency of responding centres.
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Figure 3. Mean wait times for paediatric knee MRI across UK centres. Bar graph showing the per cent relative frequency of mean MRI wait times in
weeks.
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The audit included an evaluation of the availability of various locally agreed referrals, transition care, and rehabilitation
pathways that ensure quality care within the context of surgical intervention as per BOAST. Among the centres examined,
43% (n = 12/28) had established referral pathways for the management of growth disturbances, while 57% (n = 16/28) did
not have formal pathways. Furthermore, 39% (n = 11/28) of centres indicated having a locally agreed pathway for the tran-
sition from paediatric to adult care, whereas 61% (n = 17/28) lacked formal transition pathways. Of the centres audited, 74%
(n = 20/27) had dedicated rehabilitation pathways, in contrast to 26% (n = 7/27) which did not have standardised rehabili-
tation protocols.

3.3. Post-operative outcomes and monitoring

The audit indicated differing frequencies in post-operative monitoring and outcome assessment related to ACL injuries
(Figure 5). In terms of radiological monitoring for growth disturbances, 59% (n = 16/27) of centres had established monitor-
ing protocols, whereas 41% (n = 11/27) did not carry out systematic radiological monitoring.

Functional outcome scores were recorded post-operatively in 30% (n = 8/27) of centres, while 71% (n = 19/27) did not
maintain regular records of functional scores following the operation.

According to the BOAST guideline recommendations, post-operative complications will be tracked using two key metrics:
re-rupture and contralateral rupture rates. Of the centres studied, re-rupture rates were recorded by 48% (n = 13/27) of cen-
tres, while contralateral rupture rates were monitored by 30% (n = 8/27).

4. Discussion

The surgical management of ACL ruptures in skeletally immature patients is a rapidly growing area of orthopaedic prac-
tice [1]. Greater access to MRI and recognition of the risks of secondary meniscal injury following conservative management
of the injury have contributed to this trend [6]. Increased awareness of the vulnerability of paediatric athletes and particular
patient subgroups, such as female adolescent athletes, to ACL injury has led to a call for improved evidence-based
4
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Figure 4. Treatment pathways and surgical provision for paediatric knee injuries across UK centres. Bar graphs showing (A) type of surgeon
performing paediatric soft tissue knee surgery, (B) presence of adequate treatment pathway, (C) availability of non-operative management protocol, (D)
established referral pathway for growth disturbance, (E) existence of transition to adult care pathway, and (F) existence of dedicated rehabilitation
pathway. Data are presented as the percentage of responding centres.
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prevention, diagnosis, and management internationally [7,8]. Long-term consequences of ACL rupture include post-
traumatic osteoarthritis (PTOA), the rates of which have shown only a modest decline over the past forty years [9].

In 2022, the BOAST guidelines provided recommendations for the diagnostic and treatment pathways of ACL ruptures in
skeletally immature patients, addressing three phases of patient care: Assessment and Diagnosis, Management, and Post-
operative Care. This guideline was produced following an in-depth review of UK practices and treatment evidence concern-
ing children with ACL and meniscal injuries initiated by both BSCOS and BASK. This was due to the high variability in treat-
ment across the UK, combined with regional differences in service provision and barriers to care for these injuries. The
consistent delivery of care through optimised treatment pathways, accompanied by accurate recording of outcome data,
allows for equality of treatment and aids resource provision.

The PANA study is the first multi-centre audit of these guidelines within the United Kingdom. The results show that
national variability in infrastructure and practices for managing this patient group remains. This relates to multiple aspects
of care, including initial diagnosis and referral to an acute knee pathway, multi-disciplinary treatment decisions and post-
operative monitoring and rehabilitation. The mean wait time for undergoing an MRI and performing surgery is another nota-
ble area of variation in practice.

Variability in the management of common paediatric orthopaedic conditions at both the individual patient level and from
a health systems perspective has been noted by the Getting it Right First Time (GIRFT) report on Paediatric Trauma and
Orthopaedic Surgery [6]. Priority concerns the strengthening of regional care networks and standardising treatment path-
ways, as well as efficiency of care and avoiding unnecessary wait times or inpatient stays. To manage paediatric lower limb
injuries, introducing acute knee pathways, which should include an MDT approach, is recommended and day-case treatment
is advised where possible. Like the PANA study, the GIRFT survey demonstrates national heterogeneity in treatment path-
ways implemented, including the presence of multidisciplinary frameworks and whether performing surgeons are primarily
adult or paediatric knee surgeons.

Previous multi-centre evaluations performed in Europe and North America have demonstrated variability regarding per-
ceptions of the best management options for paediatric ACL ruptures [10,11]. While these have typically focused on the sur-
gical approach, they serve as additional evidence of the ongoing need to standardise practice or gather high-quality evidence
for making individualised treatment decisions.

The GIRFT report highlighted inconsistencies in the clinical coding of injuries and procedures performed for paediatric
orthopaedic conditions. Accurate and consistent coding has been emphasised as a key priority for improving care delivery.
5



Figure 5. Post-operative monitoring practices across UK centres. Bar graphs demonstrating (A) implementation of radiological monitoring for growth
disturbances, (B) recording of post-operative functional scores, (C) documentation of post-operative re-rupture rates, and (D) monitoring of post-operative
contralateral rupture rates. Data was presented as a percentage relative to the frequency of responding centres.
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Achieving standardisation of care will require the precise collection of data regarding diagnosis, treatments, and outcomes
on a large scale. Introducing mandatory reporting through a national registry will likely play a crucial role. The National Joint
Registry is an example of the utility of registries in obtaining highly powered data that can inform management decisions
[12]. The National Ligament Registry (NLR) exists to improve management for patients undergoing knee ligament recon-
struction [13]. The GIRFT Report has recommended the introduction of mandatory documentation of paediatric patient data
in the NLR as part of a satisfactory acute knee pathway, as currently, this does not allow for knee ligament reconstruction
[13]. The GIRFT Report has recommended the introduction of mandatory documentation of paediatric patient data in the
NLR as part of a satisfactory acute knee pathway, as currently, this does not allow for those aged under 16 years.

The recognition of the need for ACL registries is reflected in their emergence internationally in recent years [14,15]. Swe-
den and New Zealand have well-established national ACL registries, aiming to achieve the common goal of ensuring that
every ACL injury is registered [16,17]. While the demographics of patients sustaining ACL rupture remain relatively consis-
tent in different areas, treatment practices, including graft choice, vary [14]. The value of an ACL registry within the UK
would be to determine how various treatments affect both short- and long-term outcomes. This may include post-
operative complications and ACL re-rupture rates in the shorter term. The use of PROMs data for paediatric patients needs
to be improved and will be important both in the immediate post-injury period and during longer-term follow-up [6]. PTOA
is the most well-recognised contributor to longer-term morbidity following ACL rupture. The occurrence of the injury at a
young age makes paediatric patients particularly vulnerable to the development of PTOA. It remains unclear whether
6
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surgical management options or even conservative management can reduce the risk of PTOA. The availability of comprehen-
sive registry data, which includes follow-up into adulthood, is necessary to answer this question. Accurate reporting on re-
rupture rates within registry data is particularly crucial for evaluating treatment efficacy. For ACL repair techniques specif-
ically, the ACL STARR study provides valuable insights into outcomes that should inform future registry data collection and
analysis [18].

Our study highlights the importance of increasing the number of locally agreed-upon protocols for non-operative man-
agement. This would improve and unify high-quality care in managing non-operative cases. This data highlights significant
variability in post-operative monitoring practices across UK centres managing paediatric ACL injuries. Gaps in systematic
outcome tracking, post-operative complication tracking, and growth monitoring protocols require further attention. The lack
of consistent practices in recording functional scores, re-rupture rates, and contralateral rupture rates across the centres
studied indicates a need to reinforce BOAST guidelines, which may extend to centres across the entirety of the UK.

The phase of return to sport is often underaddressed outside of a professional sporting environment. More precise guide-
lines on sport-specific rehabilitation need to be incorporated into existing public sector physiotherapy. This represents a sig-
nificant gap in the current management pathway that requires attention to optimise long-term outcomes and reduce re-
injury rates in paediatric patients.

Widespread implementation of the BOAST guidelines within the UK, along with consistent reporting of outcomes, would
facilitate standardisation of care for children and adolescents sustaining ACL injuries. The PANA study provides an initial
benchmark for national practice, necessitating re-auditing following the dissemination of the study findings. As a key prior-
ity, the authors recommend that more knee MDTs be established as part of the acute knee pathways to initiate optimal man-
agement of paediatric ACL injury. Such an MDT would likely consist of orthopaedic surgeons, specialist nurses, child
psychologists and paediatric physiotherapists with specialist training in ACL injury.

5. Limitations

There were limitations to this audit. In the first instance, only 22 hospitals were included, whereas there are approxi-
mately 150 acute trusts across England and Wales [19]. Whilst not all may offer specialist paediatric services at the point
of surgery, it must be acknowledged that children will present acutely to Emergency Departments in these settings. As
the guidelines refer to the initial assessment, imaging, and management of these patients, future audits would hopefully cap-
ture a larger proportion of these acute trusts to gain a more representative sample of the state of care across the UK. Data was
collected via a self-reported questionnaire. This may not accurately represent actual clinical practice and may be subject to
recall bias. Moreover, some responses varied across trusts, indicating that there might not be a single unified pathway in
some hospital trusts. This audit measured service provision and adherence to guidelines rather than specific clinical out-
comes, and did not correlate guideline adherence with patient clinical outcomes or complication rates. Finally, since the pub-
lication of the BOAST guidelines in 2022, some centres may have been in the process of initiating change at the time of data
collection, which may have accounted for some of the variability in practice.

6. Conclusion

Following the release of the BOAST guidelines in 2022, this multi-centre audit has revealed discrepancies in practices
across the UK. A multidisciplinary approach is essential for enhancing patient care and improving outcomes in this popula-
tion by establishing a safe care framework and promoting best practices.
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