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Abstract

Background Effective management of anterior cruciate ligament (ACL) injuries requires a comprehensive approach,
from initial assessment, through treatment, rehabilitation, and discharge, however no gold standard care pathway
exists to help guide clinicians. This case series provides an overview of current ACL injury management processes

in six National Health Service (NHS) Trusts.

Methods This study utilised a retrospective case series design within six NHS Trusts in the Yorkshire region

of the United Kingdom. Using a standard operating procedure, each Trust selected ten consecutive ACL injured
patients (> 16 years), managed either surgically or non-surgically. Data relating to the patient injury journey, patient
and injury characteristics, key pathway events, rehabilitation management, outcome measures, and discharge, were
collected. Data was anonymised and analysed using descriptive statistics.

Results Reviews covered 55 patients, median age 25.5 years, (41 males, 14 females). Median time to specialist assess-
ment from injury was 12 days (Interquartile Range [IQR] 6 to 20 days), with 43 patients managed operatively, and 12
non operatively. The median number of physiotherapy sessions was 21 (IQR 9 to 29.5), with outcome measures being
variably used across Trusts. Trusts using patient reported outcome measures (PROMS) consistently with their patients
provided more physiotherapy appointments (34.5 and 27) and achieved higher return to sport (RTS) rates. Time

from injury to discharge varied with a median of 421 (IQR 249 to 546) days. Discharge criteria were applied inconsist-
ently across Trusts, with 31% of cases not using specific criteria. However, Trusts using standardised discharge criteria
showed better RTS outcomes, with 27 (61%) patients successfully returning to sport.

Conclusions This case series review highlighted some good practice in initial ACL management across six NHS Trusts
in the Yorkshire region. However, from time to MRI diagnosis to discharge, substantial variation in care is observed.
Whether treated operatively or non-operatively, for patients aiming to RTS, this was achieved with greater consistency
when more physiotherapy appointments were undertaken, outcome measures and PROMs were used, and specific
discharge criteria was utilised. Future larger pathway investigation studies incorporating causative and predictive
analysis studies on a national scale are required to determine whether similar trends are observed in a wider ACL
injured population, which could help to improve national pathways for patients and clinicians working towards ensur-
ing more positive and standardised patient-related ACL injury outcomes.
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Background

Anterior cruciate ligament (ACL) ruptures are a com-
mon and problematic injury, resulting in potential long-
term knee functional impairment [1], reduced quality
of life [2], time lost from sporting activity [3], financial
burden [4], and increased risk of secondary osteoarthri-
tis [5]. ACL injuries affect both athletic, and non-athletic
populations [6, 7], with increased incidence reported in
Australia, Canada, Italy, and New Zealand [8-11] In the
United Kingdom (UK) approximately 20,200 ACL inju-
ries occur annually, representing 0.03% of the general
population [12]. The rate of ACL surgical reconstruc-
tions (ACLR) increased 12-fold between 1997-2017
to 24.2/100000 population, contributing to estimated
annual healthcare costs of £63—85 million [13, 14].

Traditionally, a programme of rehabilitation and exer-
cise-based management is undertaken in patients with
isolated ACL injuries [15], with ACLR surgery in addi-
tion to exercise rehabilitation conducted for those with
persistent knee instability, and or concomitant injuries
to the knee such as the meniscus, [14, 16]. Physiotherapy
rehabilitation is important in successful functional recov-
ery and RTS from ACL injury whether managed opera-
tively or non-operatively[17, 18]. A forty-three patient
case series review evaluating a criterion based RTS pro-
gramme, showed a failure to complete rehabilitation rate
of 49%, which has been reported elsewhere in the litera-
ture, [19, 20]. Failure to complete rehabilitation may leave
the patient more exposed to reinjury, with ACL reinjury
rates documented as one in four under the age of twenty-
five in athletic patients [21].

Currently no gold standard ACL injury management
strategy exists, with substantial variability highlighted
in published protocols relating to management, exercise
content, duration, and criteria to progress patients [3, 17,
22, 23]. Clinical practice guidelines appear general and
demonstrate poor clinical applicability [17], whilst no UK
ACL injury management consensus exists [24]. An expert
panel of clinicians recently published guidelines on ACL
rehabilitation post reconstruction, and whilst agreement
was reached, a low level of certainty for most compo-
nents of rehabilitation was reported [23]. Consequently,
significant uncertainty in determining the most effective
management strategies for ACL rehabilitation exist, high-
lighting the need for further evidence-based guidelines.

Criteria including quadriceps and hamstring strength
measurements, patient reported outcomes, returning to
sport, absence of giving way, and lack of a knee effusion

were nominated in a cohort statement required to be
met in operative and non-operative ACL injury manage-
ment [25]. However, there is uncertainty surrounding the
use of outcome measures to monitor progress of ACL
injured patients [26]. Ninety percent of physiotherapists
surveyed consider knee strength to a be a crucial meas-
ure before return to sport (RTS), yet only 36% assessed
this function; and although 94% believed that rehabilita-
tion 6 — 12 months post-surgery is essential, early patient
discharge is common [26]. Failure to meet recognised
criteria has been associated with a seven-fold increase
in re-injury rate for those who return to high-intensity
sports prior to nine months post operatively [27]. As
such, the implementation of current ACL injury manage-
ment strategies in clinical practice is questioned due to
inconsistent clinical outcomes and an overall inability to
restore functional capacity before discharge [18].

To-date no NHS UK-based studies have investigated
current ACL injury operative and non-operative man-
agement pathways and management across a number of
Trusts in the same local region. Carter and colleagues
[28] investigated patients’ perceptions of ACL injury
management across multiple sites, finding substantial
variability in care, however this was within the same NHS
Trust. As such, there is a need to better understand how
different NHS Trusts working within the same geograph-
ical region manage ACL injured patients. This study
aimed to review the ACL injury pathways, management,
and discharge processes in six Trusts within the same
region. The findings from this case review may contribute
to clinical decision making and guide service improve-
ment strategies for ACL injury management.

Methods

Six UK NHS Trusts contributed cases to this review;
Leeds Teaching Hospitals NHS Trust, Airedale NHS
Foundation Trust, Bradford Teaching Hospitals NHS
Foundation Trust, Calderdale and Huddersfield NHS
Foundation Trust, Harrogate and District NHS Foun-
dation Trust, and Mid Yorkshire Teaching NHS Trust.
These Trusts were selected to participate as they form the
West Yorkshire Association of Acute Trusts (WYAAT),
who aim to address health inequalities and deliver joined
up acute hospital services to 2.7 million people who live
across the West Yorkshire and Harrogate region of the
UK. This study was conducted as a retrospective case
series review of clinical practice across six NHS Trusts.
All patient data were fully anonymised at each site before
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analysis, with no identifiable data accessed. According
to UK Health Research Authority (HRA) guidance, this
study did not require NHS Research Ethics Commit-
tee (REC) approval or individual patient consent. As no
identifiable human data were used, the study was exempt
from the informed consent requirements of Article 32 of
the Declaration of Helsinki (2013), [29].

Each Trust had their own patient database; however,
a standard operating procedure (SOP) was produced
and applied to ensure a consistent method of selecting
patients for the case review and data extraction in each
Trust. At each of the Trusts, a representative of the Adult
Physiotherapy team retrospectively extracted the infor-
mation required from care records for ten adults diag-
nosed with an ACL injury in their Acute Knee Injury
Clinic (AKC), and managed either operatively or non-
operatively with rehabilitation. The SOP requested data
relating to patient characteristics and injury specifics, key
pathway events, rehabilitation management of the ACL
injury, and discharge (see Appendix 1 for further detail).
To ensure consistency the review only included adults
over the age of 16 years who underwent physiotherapy
led rehabilitation of ACL injuries (surgical and non-sur-
gical). Patients with multi-ligament injury with or with-
out reconstruction involving both the ACL and posterior
cruciate ligament and either or both the lateral collateral
ligament and medial collateral ligament, were excluded
from this case review due to the reported poor outcomes
and different treatment pathways used in these groups,
[30].

So as to limit selection bias, a consecutive sampling
method was used [31], with ten consecutive patients
selected from a specific period defined as the following:
care should have commenced three months after each
Trust’s services were deemed to have returned to normal
after the COVID- 19 closures. Each Trust selected a rec-
ognised date that their services resumed and moved for-
wards on the calendar by three months, then selected the
next patients that met the inclusion criteria. To pilot the

Table 1 Patient and injury characteristics
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data extraction procedure, each Trust utilised the SOP to
extract data for five patients, to confirm the method of
data collection was feasible and produced the required
data. Upon confirmation of the SOP’s applicability and
suitability data were extracted from a further five patients
in all but one Trust. Extracted data included both surgi-
cal and non-surgical management of ACL injuries docu-
mented during the patient’s care, from injury to discharge
for each patient. All data were anonymised within their
local Trust before being collated. The data were summa-
rised using descriptive statistics to explore patterns and
variation in the care provided across the Trusts.

Results

Data were extracted from 55 patient records (five Trusts
provided data for ten patients, and one provided data for
five patients) from six Trusts within the WYAAT collab-
orative, diagnosed with ACL injuries, from July 2020 to
January 2024. The results of the review are displayed in
Tables 1 and 2.

Patient and injury characteristics

Data collected showed 41 (75%) of the patients reviewed
were men, with 14 (25%) women, with a median age of
25.5 years, (interquartile range (IQR) 19.5 to 29.5). Of the
55 patients, 44 sustained sports related injuries, 41 of 55
(75%) were injured during non-contact sporting activi-
ties, three of 55 (5%) were sustained in contact situations,
and three further patients were injured while at work,
with injury specific data not provided in eight cases.

Key pathway events

Patients were reviewed a median of 12 days (IQR of 6 to
20) after injury, with provisional diagnosis being made
by orthopaedic surgeons in 26/55 (47.3%) cases, and
physiotherapists in 29/55 cases (52.7%). Figure 1 high-
lights the variation in patient review data across the
six Trusts. All patients across the six Trusts (see Fig. 2)
were sent for Magnetic Resonance Imaging (MRI), with

Characteristic Trust 1 Trust 2 Trust 3 Trust4 Trust 5 Trust 6
Patients n= 55" 10 10 10 5 10 10
Women n (%) 4 (40) 1(10) 0 (0) 3 (60) 5(50) 1(10)
Men n (%) 6 (60) 9(9) 10 (100) 2 (40) 5(50) 9 (90)
Median Age (Yrs) at time of injury 26 21 25 30 26 24
Sport related n (%) 8 (80) 8 (80) 8 (80) 5(100) 7 (70) 8 (80)

- Contact in sport 0(0) 0(0) 0(0) 1(20) 2(28.5) 0)

n (%)

- Non-contact sport n (%) 8(100) 8(100) 8(100) 4(80) 5(@71) 8(100)

" n denotes the number of patients; (%) denotes the percentage number of patients at each site: Yrs denotes patient age in years
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Table 2 Summary of pathway, management and discharge
Trust 1 Trust 2 Trust 3 Trust 4 Trust 5 Trust 6
Pathway
Patients n 10 10 10 5@ 10 10
Time to first assessment (median days) 125 11 12 17 175 7
Diagnosis made by physiotherapist (patients) 0 7 10 2 6 4
Diagnosis made by ortho (patients) 10 3 0 3 4 6
Time to MRI scan (mean days) 235 17.5 21 40 40 26
Time to patient MRI confirmation (mean days) 35 215 57 54 76.5 525
Operative management (patients) 6 10 2 5 10 10
Time to surgery (median days) 276.5 2125 192 87 135 101.5
Management
Protocol Followed (patients) 0 10 6 5 7 10
Limb symmetry index carried out (patients) 5 0 10 5 0 10
Plyometric testing carried out (patients) 5 0 10 5 0 10
Patient Reported Outcomes used (patients) 0 10 0 0 2 10
Number of physiotherapy appointments 11.5 345 4 32 16 27
Discharge
Time to discharge (median days) 2355 633 204 443 526.5 426
Discharge criteria used (patients) 3 0 10 5 0 10
Patient completed rehabilitation (patients) 6 9 3 5 6 10
Patient returned to sport (patients) 3 9 2 3 5 5
Patient returned to service as a result of reinjury (patients) 0 0 0 0 0 0
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Fig. 1 Number of days taken from presenting to hospital to first being seen by an expert clinician/surgeon, according to NHS Trust. °denotes each
individual patient’s numerical data point. For Trusts who presented data for ten patients, less data points are presented if one or more patients presented
with the same numerical data point, Trust 4 present five patients

findings reported to the patients at a median of 24 days
(IQR 15 to 36), and total median wait time of 44 days
(IQR 32 to 62) from injury to the patient being made
aware of their MRI confirmed diagnosis.

ACL injury management

Forty-three (78%) patients underwent ACLR surgery,
with three Trusts operating on all ten patients, and
one further Trust operating on all five of the patients
they presented in their data. Of the twelve patients who
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Fig. 2 Number of days taken from presenting to hospital to patients first being informed of their MRI results, according to NHS Trust. °denotes each
individual patient’s numerical data point. For Trusts who presented data for ten patients, less data points are presented if one or more patients presented
with the same numerical data point, Trust 4 present five patients

were non operatively managed, eight failed to complete  39/55 (71%) cases, with 16 patients (29%) being man-
their rehabilitation. Median time to surgery from injury aged on an individual one to one basis. A specific
was 143 days (IQR 83.5 to 239), with individual patient  protocol led rehabilitation regime was used in 42
response data per Trust shown in Fig. 3. Patients cases. Patients attended a median of 21 physiotherapy
attended physiotherapy led rehabilitation classes in
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Fig. 3 Number of days from first presenting to hospital until surgical intervention according to NHS Trust. °denotes each individual patient’s
numerical data point. For Trusts who presented data for ten patients, less data points are presented if one or more patients presented with the same
numerical data point or if less patients undertook surgery, Trust 4 present five patients
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Fig. 4 Number of physiotherapy appointments attended by patients according to NHS Trust. °denotes each individual patient’s numerical data point.
For Trusts who presented data for ten patients, less data points are presented if one or more patients presented with the same numerical data point, Trust 4

present five patients

appointments (IQR 9 to 29.5), with Fig. 4 highlighting
individual patient appointment data per Trust.
Plyometric training and testing were used in 30/55
cases (56%). Defined as ratio of results between injured
and uninjured limbs expressed as a percentage of sym-
metry, gym machine-based limb symmetry index (LSI)
testing [32] was also used to assess strength progres-
sions in 30/55 cases (56%). Figure 5 highlights the
variation in how strength was assessed: with the use of
hand-held dynamometer in two cases, manual muscle
testing in 11 cases, repetitions to fatigue and capacity
testing in six further cases. In 25 cases, it was not docu-
mented if or how strength was assessed. No Trust used
isokinetic dynamometry to measure strength.

of Patients

Number
1

Discharge

Patient reported outcome measures (PROMs) were used
in 22 patients in total, with three Trusts using a cluster of
three PROMs with their patients to inform the discharge
process. The International Knee Documentation Com-
mittee (IKDC) Subjective Knee Form [33] was used in
all 22 patients where PROMs were used, followed by the
Anterior Cruciate Ligament Return to Sport after Injury
Scale (ACL-RSI) [34] in 12 cases, the Tegner activity scale
[35] in 10 cases.

Overall median time from injury to discharge from
physiotherapy was 421 days (IQR 249 to 546) with Fig. 6
highlighting the individual number of days from first pre-
senting to hospital to discharge per Trust. For the twelve
patients who did not undergo operative management,

Objective Assessments

Fig. 5 Type and total number of objective measurements used by physiotherapists to inform the rehabilitation process
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Trust

Fig. 6 Number of days from first presenting to hospital until discharge. °denotes each individual patient’s numerical data point. For Trusts who
presented data for ten patients, less data points are presented if one or more patients presented with the same numerical data point, Trust 4 present five

patients

eight (66.7%) did not complete their rehabilitation, lead-
ing to median time to discharge of 204 days (IQR 127 to
235). Of the forty-three who had surgery, 35/43 (81.3%)
completed their rehabilitation leading to a median time
to discharge of 495 days (IQR 383 to 588.5). With either
operative or non-operative management, 16/55 (29%)
patients failed to complete their rehabilitation. Taking
RTS as a successful outcome, 27 (49.1%) patients who
were injured during sport returned to their sport, whilst
four (7%) did not.

Discussion

This case series review outlines significant variation in
care ACL injured patients received following MRI diag-
nosis across six NHS Trusts in the Yorkshire region. Spe-
cific variation between Trusts is highlighted in time to
discharge, number of physiotherapy appointments con-
ducted, number of days to surgical intervention, outcome
measures used, and number of patients returning to
sporting activity. However, good practice was indicated
for early injury management, especially time to special-
ist review and MRI examination, both of which were con-
sistent and acceptably quick across all Trusts.

Patient and injury characteristics

Of the 55 cases reviewed, 75% were male (41:14), which is
comparable with the 69% reported by the National Liga-
ment Registry (2022). However, findings contrast with
previous research which suggests that females are more

likely to sustain a to ACL injury, with ratios ranging from
2:1 to 9:1 [36]. The exact difference in incidence among
female athletes versus male athletes is not known, as inci-
dence reporting in the research is often not sex specific.
Our case review found a higher proportion of non-con-
tact injuries (49/55), consistent with literature indicating
non-contact mechanisms of injury as the most prominent
in sports such as netball and soccer due to their pivoting
nature [37]. This may partly be due to the availability and
participation rates of female sports in some of the locales
reviewed.

Key pathway events

A positive finding is the relative ease that ACL injured
patients navigated the treatment pathway and were able
to access appropriate, prompt, and specialised care. The
case review revealed an efficient initial treatment path-
way with a median time to be seen by a specialist of 12
days; to receiving their MRI scan in 24 days from the
injury being sustained. These results align with the objec-
tives to see patients following acute knee injury within
14 days of the injury being sustained [38]. These results
positively contrast with initial ACL injury management
delays reported by a single NHS Trust with multiple
sites [28], which may reflect the success of AKC imple-
mented in the Yorkshire region [38]. Specialist AKC have
been shown to positively influence the care pathway, ena-
bling patients prompt access to specialised clinicians,
timely access to MR, and referral pathways to specialist
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consultants [38]. Getting it right first time (GIRFT) is a
current national initiative, as suboptimal initial injury
management has been shown to increase healthcare and
economic costs [28]. As such our findings support previ-
ous research which has highlighted the benefits of adopt-
ing AKC in NHS settings [28, 39].

Variability in MRI wait times and subsequent follow-
up (median 44 days) was observed, potentially due to
multifactorial factors including clinic capacity pres-
sures, in house prioritisation, protected MRI slots, and
consultant availability. Surgical intervention times also
highlighted variation (median 143 days; IQR 83.5-239
days), yet this is still quicker than the 300 days average
previously reported in The National Ligament Regis-
try (2022). The decision to operate considers associ-
ated injuries, patient demands, but can also allow time
to ascertain whether a patient is a perceived ‘coper’ or
‘non coper’ with an ACL deficient knee [40]. Allowing
time for rehabilitation and non-operative management
may be beneficial as NHS wait times have increased post
COVID- 19 pandemic, with 7.5 million people awaiting
non-urgent elective treatment [41]. Delays in time to sur-
gery could potentially be viewed as a positive, as more
physiotherapy session can be undertaken which has been
linked to better return to sport outcomes [42]. Further-
more, this supports suggestions that structured reha-
bilitation exceeding six months improves ACL injured
patient’s opportunity of passing RTS criteria [20, 43]. As
such, longer surgical wait times may have positive effects
if accompanied by well-structured physiotherapy non-
operative management.

ACL injury management

Outcome measurements at regular intervals are
advocated over time-based measures to guide ACL
rehabilitation [44]. We found large variation in how dif-
ferent Trusts assess lower-limb strength for ACL injured
patients. Methods of assessment included leg extension/
press/curl gym equipment, handheld dynamometry,
manual muscle testing, capacity testing (e.g., counting
number of repetitions completed) and hop tests. Such
variability in strength assessment use is consistent with
previous research from other countries [26, 45]. Whilst
no gold standard strength assessments exist for ACL
injured patients, best practice guidelines and previous
research suggest that limb symmetry index [23, 46, 47],
and plyometric assessments/training [48] are important
indicators of rehabilitation progression/regression. How-
ever, our review found only 55% of patients were assessed
for LSI, comparatively, only 55% underwent plyometric
training/testing. Hop tests for distance, though used in
50% of patient cases in the current review, has been iden-
tified as a poor measure of knee function in ACL injured
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patients and may obscure lower-limb limb biomechanics
dysfunction [49]. Further to this, no Trusts, potentially
due to geographical and/or economic factors, utilised
isokinetic dynamometry despite widespread available
contemporary research to validate its use when assessing
strength [50, 51].

Outcome measurements were not undertaken and/
or measurement recorded in approximately half of the
patients reviewed. ACL injured patients should undergo
stringent outcome assessments at regular intervals to
determine the clinical efficacy and effectiveness of reha-
bilitation programmes [52]. Criteria driven rehabilita-
tion is recommended to improve clinical outcomes, with
patients required to meet key clinical criteria before
progressing to the next stage [53]. Importantly, objec-
tive assessments can identify physical functional defi-
cits, whilst providing opportunities for the clinician
and patient to discuss how they will continue to work
on these issues to avoid future pain and problems with
the injured area [54]. Without the use of consistent out-
comes, it becomes difficult to safely and effectively pro-
gress patients through rehabilitation to ensure they are
ready for discharge. Our results suggest that outcome
measures were being used to measure strength in some
but not all patients, potentially hindering understanding
of a patient’s rehabilitation progress and suitability for
discharge.

Our findings question whether appropriate assess-
ment methods are being utilised and if there is align-
ment between clinical practice and research. This issue
is potentially further exacerbated due to clinician expe-
rience level, and/or time requirements spent on test-
ing procedures, which may not be justifiable from an
economic perspective [45]. Additionally, there is often a
delay in implementing new evidence into clinical practice
and a clinician’s willingness to adapt practice [45]. Hen-
ning et al. [53] suggested that manual input of patient
data is time-consuming, potentially reducing the use of
outcome measures in ACL injury management. Digi-
tal solutions could help by automating data capture and
storage, potentially reducing the burden on clinicians,
and increase the use of outcome measures. Research has
shown that ACL injured patients highly value achiev-
ing relevant goals and milestones [54], whilst indicating
that regular communication and supportive information
creates a valuable opportunity to enhance the clinician/
patient relationship, which has a positive correlation with
patient outcomes [55].

Such variability in use or lack of use of outcome meas-
ures makes it difficult to compare results and understand
when and how to progress patients. Svantesson et al. [52]
used a modified Delphi method approach to planning
optimal outcome assessment for ACL research studies
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highlighted four robust categories: early adverse events,
PROMs, ACL graft failure/recurrent ligament disruption,
and clinical measures of knee function and structure.
With a little under half of the Trusts reviewed utilising
PROMs further consistency is required if ACL injured
patients are to be effectively and safely discharged.

Rehabilitation and discharge

Although time-based methods are no longer advocated
for assessing ACL injury recovery, research suggests
delaying for a minimum of nine months post injury to
allow an appropriate period of healing and return to
function [3, 17]. This review suggests that most patients
exceeded this timeframe with a median discharge from
time of injury of 421 days (~ 14 months). However, dura-
tion is not the only criteria for successful discharge, with
research highlighting frequency and adherence of reha-
bilitation to provide more favourable outcomes post ACL
injury [56].

Physiotherapy was mostly delivered through a mix-
ture of individual and group settings, with each Trust
designing and implementing their own rehabilitation
protocols. The number of physiotherapy sessions var-
ied widely across Trusts, ranging from four sessions and
seven out of ten patients not completing their rehabilita-
tion, to another Trust with a median of 35 rehabilitation
sessions, observing no dropouts. The latter Trust also
used outcome measures with all their patients and suc-
cessfully returned all to sport, suggesting that rehabilita-
tion attendance is crucial to positive outcomes, improved
knee function, reduced reinjury rates, and effective RTS
[2, 3, 57].

Almost 30% of ACL injured patients included within
the review failed to complete their rehabilitation, less
than the 45% reported in previous research [58]. How-
ever, a novel finding of this study suggests that two
thirds (8/12) of patients who did not undergo ACLR
failed to complete their rehabilitation resulting in ear-
lier discharge, compared with 19% (8/43) of those who
received surgical reconstruction and exercise rehabilita-
tion. Although based on a small sample, future research
should investigate the associations between dropout
rates and treatment pathways (operative and/or non-
operative). Practitioners should engage patients with the
decision-making process, seeking to understand their
treatment preferences, values, and beliefs, whilst using
contemporary evidence to educate patients and support
an informed and shared decision-making process [28].
It was beyond the scope of the current study to inves-
tigate the reasons for discrepancies in rehabilitation
adherence between surgically and conservatively man-
aged patients. However, previous research highlights that
greater patient adherence has been observed in ACLR
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patients when compared to non-surgical approaches [59].
It has been suggested that patients may perceive ACLR
as a more serious intervention due to its invasive nature,
leading to greater focus, time, effort, and willingness to
engage in their rehabilitation [60]. Furthermore, ACLR
patients may be more motivated to return to sporting
activity, contributing to greater rehabilitation adherence
rates due to the physical demands of sport and pre-estab-
lished exercise habits [60]. Further research is required
to determine whether similar discrepancies in adherence
are observed in larger scale NHS based studies, where
access to services and patient demographics may vary.

Long term follow up is lacking across Trusts, making
it difficult to delineate the reasons for reattendance and
give an indication of re-injury rates. Research indicates
that ACL injured patients value discharge/return to sport
tests for understanding physical deficits [54]. However,
this review highlights that 27/55 patients did not receive
specific discharge criteria, which can hinder clinician’s
ability to make informed decisions, potentially leading to
premature discharge, higher re-injury risks, lower rates of
RTS [61] whilst also increasing the costs and complica-
tions associated with secondary ACL injury [62].

Our case review of ACL injury management across six
NHS Trusts in the same geographical region reveals sig-
nificant inconsistencies in the service and care provided
to patients, supporting previous research findings at one
NHS Trust across multiple sites [28]. Henning and col-
leagues [53] demonstrated how a single NHS provider
improved the care they offer ACL injured patients by
implementing a plan, do, study, act approach to address
internal inconsistencies. This approach resulted in 100%
of their patients participating in criteria-based progres-
sion rehabilitation, whilst RTS times were deemed to be
in line with best-evidence recommendations [3, 17].

Strengths

This is the first study to attempt to explore the ACL
injury pathway across multiple NHS Trusts in the same
geographical region, using a standardised operating
procedure. Although a relatively small sample study,
data suggests that there are discrepancies in patient
care which need to be addressed if optimal patient
outcomes are to be achieved. Findings of the current
review, coupled with lessons from previous research
including criterion driven rehabilitation implemented
by trained core practitioners and using key stakehold-
ers to drive change [53] could lead to improvements
in ACL injured patient care throughout the Yorkshire
region and beyond. Inconsistencies in care identi-
fied in the current study will help to inform a larger
national scale study investigating ACL injury manage-
ment pathways. With variations in service provisions,
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funding and staffing restrictions across NHS services,
understanding optimal treatment is important to
inform clinicians and financial stakeholders on future
plans to improve ACL injury management, as services
that lack clear guidance are likely to be cost inefficient
[28].

Limitations

This case series highlights variability in ACL injury,
though it did not account for geographical and socio-
economic differences between NHS Trusts, including
facilities, resources, staffing, and time allocated per
patient. Furthermore, the authors acknowledge that
whilst the data provides preliminary valuable insights
regarding variable patient care in the region, it should
be acknowledged the findings are based upon a lim-
ited sample size, are limited to NHS Trusts within the
region analysed and do not provide any cross-Trust
comparison. Future research needs to consider a larger,
nationwide sample to determine a true reflection of
ACL injury pathways in the NHS. While no patients in
this study returned to services, long-term follow ups
could provide insights into re-rupture rates and their
impact on NHS costs and patient’s quality adjusted life
years. Further research in this field could be used to
guide improvements and help to develop easily imple-
mentable best practice guidelines for NHS settings.

Conclusions

Our case series is the first study to explore the ACL
injured patient’s journey from injury to discharge
across multiple NHS Trusts in the same geographical
region. This study builds upon single site studies and
highlights good practice in the form of initial treat-
ment pathways and use of AKC throughout the region,
but also substantial variability in patient care from MRI
diagnosis to patient discharge. Such inconsistencies can
contribute to suboptimal outcomes for some patients.
Whether treated operatively or non-operatively, for
patients aiming to RTS, this was achieved with greater
consistency when more physiotherapy appointments
were undertaken, outcome measures and PROMs were
used, and specific discharge criteria was utilised. Future
larger pathway investigation studies incorporating
causative and predictive analysis studies on a national
scale are required to determine whether similar trends
are observed in a wider ACL injured population, which
could help to improve national pathways for patients
and clinicians working towards ensuring more positive
and standardised patient-related ACL injury outcomes.
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Appendix 1

Standard operating procedure sent to each site

Disparity in anterior cruciate ligament injury management:
a case series review across six National Health Service trusts
Dear colleague,

As part of a research project looking at the local man-
agement of ACL injuries, we are carrying out an audit.
This is in an attempt to describe the variation of what
is deemed to be ‘standard’ care for patients with ACL
injuries, managed either surgically or non-surgically
and subsequently cared for in physiotherapy.

Currently there is no consensus amongst clinicians,
both medical and non-medical, as to what the ‘gold-
standard’ care is/should be. This audit/case series
review will aim to describe the care given to patients at
a number of centres in the Yorkshire region. We would
be grateful for your support in undertaking a clinical
audit to explore this in your Trust and have prepared
the following criteria:

Inclusion criteria

— Adults over the age of 16
— DPhysiotherapy led rehabilitation of ACL injuries
(surgical and non surgical)

Exclusion criteria

—Multiligament injury with or without reconstruc-
tion involving both the ACL and PCL and recon-
struction of either the LCL and/or the MCL.

Sample required

— DPlease select a sample of 5 patients diagnosed with
an ACL tear via MRI scan who have completed
their course of treatment to discharge according to
your locally held guidelines. This can be conserva-
tive or surgically led.

— To ensure randomisation of the sample col-
lected, please use a consecutive sampling method.
This means selecting consecutive patients from a
selected time period. Their care should have com-
menced 3 months after your services were deemed
to have returned to normal post the COVID- 19
closures. Please select the recognised date that your
services resumed and move forwards on the calen-
dar by 3 months, then select the next 5 patients that
meet the inclusion criteria.
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— Once 5 are selected as a pilot and sent over, we will
ask for 5 more, totalling 10 from each site.

Data management

Please obtain the relevant local approvals from your
Trust for use in an audit and please ensure that all iden-
tifiable information is removed and anonymised prior to
entering into the study. Any data received will be placed
in a password protected file on a hospital Trusted server.
Please ensure the least amount of people necessary access
the data of the sample selected.

Information required for case series review (please
use the Excel spreadsheet attached)

Patient related:

Age at time of injury (years)

Sex

Injured during sporting activity

If sporting, please indicate type

Mechanism Contact v Non contact

Pathway related:

Injury date (if not known, please estimate dd/mm/yyyy)
Date of first assessment by ortho/APP/Physio

Time in days—Injury to contact with ortho/APP/Physio
Diagnosis made by

MRI date (dd/mm/yyyy)

Time in days—injury to MRI diagnosis

Date of first appointment post MRI to inform of results (dd/mm/yyyy)
Time in days—Injury to patient being aware of diagnosis
Other soft tissue injuries?

Operative v Non-Operative

Date of operation (dd/mm/yyyy)

Injury to Operation time in days

Management:

Was a protocol followed?

Did they attend classes?

Was plyometric testing used?

If yes, which tests, please list

Was limb symmetry index used and documented?
How was strength tested?

If other, please describe

Were any other adjuncts used? Eg BFS, TENS, FES, Acupuncture,
GameReady

If yes, please list

Discharge:

Discharge date or date of last physio contact (dd/mm/yyyy)
Number of physio appointments

Time in days—Injury to discharge

Do you have specific discharge criteria? If yes, please detail in brief
in the comments section below
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Patient related:

Did the patient complete their rehab? (did they DNA)
Were patient reported outcome measures used?

If yes, please list

Did they return to sport?

Did they return to the service as they reinjured their ACL?
Any other comments, please add

Any other comments
Please use this section for any information that you feel
is pertinent or to declare any missing information. For
example, if the patient has had a surgery but it is not
listed in the drop-down menu.

*Drop Down options will be provided, please type fur-
ther information where prompted.

Cover sheet (please use attached document):

— Date(s) audit data obtained

— Name of person who completed the audit

— Sources used to collect date (medical notes, elec-
tronic notes, letters, etc.)

Audit completion date: (Proposed )
Standardisation

All data will be anonymised and it is our intention to
publish this data, therefore, please ensure that this audit
is registered and approved in your local NHS Trust.

Cases will be selected by a single identified person at
each site and patient selection will be selected during an
identified timeframe so as to avoid selection bias.

The opportunity for authorship will be offered to the
person completing the audit; this will be subject to sat-
istying the criteria for authorship from the targeted
journal.

If you would like to discuss the audit in any more detail
or have any questions regarding completion of the audit,
please do not hesitate to contact Niall Maher on contact
information below.

Kind regards,

Mr. Niall Maher

Advanced Practice Physiotherapist

Chapel Allerton Hospital

Niall. maher@nhs.net

Abbreviations

ACL Anterior cruciate ligament

ACLR Anterior cruciate ligament reconstruction
AKC Acute knee clinic

LSI Limb symmetry index

IKDC International knee documentation committee
KOOS Knee injury and osteoarthritis outcome score
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MRI Magnetic resonance imaging

NHS National Health Service

PLYo Physiotherapy lower limb Yorkshire working group
PROMS  Patient reported outcome measures

RTS Return to sport
WYATT  West Yorkshire association of acute Trusts

Acknowledgements

I am thankful to my supervisory team CN, DL, AR, HS and everyone involved
in the data collection and to Leeds Beckett University for providing time and
funding to work on this case series review.

Clinical trial number
Not applicable.

Authors’ contributions

NM, DB, SB, JM, CT and GL collated the data. NM wrote the original and final
review analysed the data and tabulated the data. CB, DL, AR, HS and GJ all
reviewed and edited the manuscript. CB developed the figures. All authors
read and approved the final manuscript.

Funding
Funding was received from Leeds Beckett University to carry out this case
series review.

Data availability
Data are available upon reasonable request to the corresponding author.

Declarations

Ethics approval and consent to participate
The Health Research Authority (HRA) decision tool stated that NHS Research
Ethics Committee review was not required.

Consent for participation

Data was anonymised and non-identifiable meaning under UK GDPR guid-
ance, patient consent was not necessary for this work as it was defined as a
non-research retrospective case series service evaluation, exempt from HRA
approval. The study adhered to the principles of the Declaration of Helsinki,
ensuring patient confidentiality and data protection in compliance with the
UK General Data Protection Regulation (UK GDPR) and the Data Protection Act
2018. Institutional approval for data access and analysis was obtained from the
relevant NHS Trusts.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

'Physiotherapy Department, Leeds Teaching Hospitals NHS Trust, Leeds,

UK. ’Leeds Institute of Rheumatic and Musculoskeletal Medicine, University

of Leeds, Leeds, UK. *Carnegie School of Sport, Leeds Beckett University, Leeds,
UK. *School of Health, Leeds Beckett University, Leeds, UK. *Bradford Teaching
Hospitals NHS Foundation Trust, Physiotherapy, Bradford, UK. ®Harrogate

and District NHS Foundation Trust, Physiotherapy, Harrogate, UK. ’Calderdale
and Huddersfield NHS Foundation Trust, Physiotherapy, Huddersfield, UK.
8Airedale NHS Foundation Trust, Physiotherapy, Keighley, UK. °Mid Yorkshire
Teaching NHS Trust, Physiotherapy, Wakefield, UK.

Received: 15 November 2024 Accepted: 24 March 2025
Published online: 15 April 2025

References

1. Welling W, Benjaminse A, Seil R, Lemmink K, Zaffagnini S, Gokeler A. Low
rates of patients meeting return to sport criteria 9 months after anterior
cruciate ligament reconstruction: a prospective longitudinal study. Knee

20.

Page 12 of 14

surgery, sports traumatology, arthroscopy : official journal of the ESSKA.
2018;26(12):3636-44.

Filbay SR, Roos EM, Frobell RB, Roemer F, Ranstam J, Lohmander LS. Delay-
ing ACL reconstruction and treating with exercise therapy alone may
alter prognostic factors for 5-year outcome: an exploratory analysis of the
KANON trial. Br J Sports Med. 2017;51(22):1622-9.

van Melick N, van Cingel RE, Brooijmans F, Neeter C, van Tienen T, Hullegie
W, et al. Evidence-based clinical practice update: practice guidelines for
anterior cruciate ligament rehabilitation based on a systematic review
and multidisciplinary consensus. Br J Sports Med. 2016;50(24):1506-15.
Janssen KW, Orchard JW, Driscoll TR, van Mechelen W. High incidence
and costs for anterior cruciate ligament reconstructions performed in
Australia from 2003-2004 to 2007-2008: time for an anterior cruci-

ate ligament register by Scandinavian model? Scand J Med Sci Sports.
2012;22(4):495-501.

Culvenor AG, Collins NJ, Guermazi A, Cook JL, Vicenzino B, Khan KM, et al.
Early knee osteoarthritis is evident one year following anterior cruciate
ligament reconstruction: a magnetic resonance imaging evaluation.
Arthritis Rheumatol. 2015;67(4):946-55.

Mowbray M, Ireland J. Personal and narrative review of the current
management of the injured anterior cruciate ligament of the knee in the
UK with reference to surgical treatment versus rehabilitation. BMJ Open
Sport & Exerc Med. 2022;8(3):e001410.

Kaeding C, Léger-St-Jean B, Magnussen R. Epidemiology and diagnosis of
anterior cruciate ligament injuries. Clin Sports Med. 2017;36(1):1-8.
Sutherland K, Clatworthy M, Fulcher M, Chang K, Young SW. Marked
increase in the incidence of anterior cruciate ligament reconstructions in
young females in New Zealand. ANZ J Surg. 2019;89(9):1151-5.

Longo U, Nagai K, Salvatore G, Cella E, Candela V, Cappelli F. Epidemiology
of anterior cruciate ligament reconstruction surgery in Italy: a 15-year
nationwide registry study. J Clin Med. 2021;10(2):223.

Maniar N, Verhagen E, Bryant A, Opar D. Trends in Australian knee injury
rates: An epidemiological analysis of 228,344 knee injuries over 20 years.
Lancet Reg Health West Pac. 2022;21:100409.

. Paudel Y, Sommerfeldt M, Voaklander D. Increasing incidence of anterior

cruciate ligament reconstruction: a 17-year population-based study. Knee
surgery, sports traumatology, arthroscopy : official journal of the ESSKA.
2023;31(1):248-55.

Moses B, Orchard J, Orchard J. Systematic review: Annual incidence

of ACL injury and surgery in various populations. Res Sports Med.
2012,20(3-4):157-79.

Davies WT, Myer GD, Read PJ. Is It Time We Better Understood the Tests
We are Using for Return to Sport Decision Making Following ACL Recon-
struction? A Critical Review of the Hop Tests. Sports medicine (Auckland,
NZ).2020;50(3):485-95.

Beard DJ, Davies L, Cook JA, Stokes J, Leal J, Fletcher H, et al. Rehabilitation
versus surgical reconstruction for non-acute anterior cruciate ligament
injury (ACL SNNAP): a pragmatic randomised controlled trial. Lancet.
2022;400(10352):605-15.

Smith MA, Smith WT, Kosko P. Anterior cruciate ligament tears: recon-
struction and rehabilitation. Orthop Nurs. 2014;33(1):14-24; quiz 5-6.
Sorey W, Hagen MS, Mand S, Sliepka J, Chin K, Schmale GA, et al. Effect
of Delayed Anterior Cruciate Ligament Reconstruction on Repair of
Concomitant Medial Meniscus Tears in Young Athletes. Am J Sports Med.
2023;51(2):398-403.

Andrade R, Pereira R, van Cingel R, Staal JB, Espregueira-Mendes J. How
should clinicians rehabilitate patients after ACL reconstruction? A system-
atic review of clinical practice guidelines (CPGs) with a focus on quality
appraisal (AGREE Il). Br J Sports Med. 2020;54(9):512-9.

Dingenen B, Billiet B, De Baets L, Bellemans J, Truijen J, Gokeler A.
Rehabilitation strategies of Flemish physical therapists before and after
anterior cruciate ligament reconstruction: An online survey. Phys Ther
Sport. 2021;49:68-76.

Joreitz R, Lynch A, Popchak A, Irrgang J. Criterion-based rehabilitation
program with return to sport testing following acl reconstruction: a case
series. Int J Sports Phys Ther. 2020;15(6):1151-73.

Ebert J, Edwards P, Joss B. Which functional hop test best evaluates
side-to-side performance asymmetry in patients 9-12 months following
anterior cruciate ligament reconstruction. J Sci Med Sport. 2018;21(Sup-
plement 1):544.



Maher et al. BMC Musculoskeletal Disorders

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33

34.

35.

36.

37.

38.

39.

40.

(2025) 26:363

Wiggins AJ, Grandhi RK, Schneider DK, Stanfield D, Webster KE, Myer

GD. Risk of Secondary Injury in Younger Athletes After Anterior Cruciate
Ligament Reconstruction: A Systematic Review and Meta-analysis. Am J
Sports Med. 2016;44(7):1861-76.

Culvenor AG, Girdwood MA, Juhl CB, Patterson BE, Haberfield MJ, Holm
PM, et al. Rehabilitation after anterior cruciate ligament and meniscal
injuries: a best-evidence synthesis of systematic reviews for the OPTIKNEE
consensus. Br J Sports Med. 2022,56(24):1445-53.

Kotsifaki R, Korakakis V, King E, Barbosa O, Maree D, Pantouveris M, et al.
Aspetar clinical practice guideline on rehabilitation after anterior cruciate
ligament reconstruction. Br J Sports Med. 2023;57(9):500-14.

Dunphy E, Button K, Murray E, Hamilton FL. Beyond guidelines: A qualita-
tive clinical stakeholder study of optimal management of anterior cruci-
ate ligament rehabilitation. Musculoskeletal Care. 2023;21(1):117-29.
Lynch AD, Logerstedt DS, Grindem H, Eitzen |, Hicks GE, Axe MJ, et al.
Consensus criteria for defining “successful outcome”after ACL injury and
reconstruction: a Delaware-Oslo ACL cohort investigation. Br J Sports
Med. 2015;49(5):335-42.

Fausett WA, Reid DA, Larmer PJ. Current perspectives of New Zea-

land physiotherapists on rehabilitation and return to sport following
anterior cruciate ligament reconstruction: A survey. Phys Ther Sport.
2022;53:166-72.

Beischer S, Hamrin Senorski E, Thomee C, Samuelsson K, Thomee R. Knee
strength, hop performance and self-efficacy at 4 months are associated
with symmetrical knee muscle function in young athletes 1 year after an
anterior cruciate ligament reconstruction. BMJ Open Sport Exerc Med.
2019;5(1):e000504.

Carter HM, Beard DJ, Dodsley C, Leighton P, McCallion J, Moffatt F, et al.
Implementing a shared decision-making intervention to support treat-
ment decisions for patients following an anterior cruciate ligament rup-
ture — a protocol for the POP-ACLR feasibility study. Pilot and Feasibility
Studies. 2024;10(1):72.

World Medical Association. World Medical Association Declaration of
Helsinki. Ethical principles for medical research involving human subjects.
JAMA. 2013;310: 2191-2194.

Zhang K, Beshay T, Murphy B, Sheean A, de Sa D. Quadriceps Tendon
Anterior Cruciate Ligament Reconstruction: A Systematic Review of
Postoperative Rehabilitation and Complication Profiles. Arthroscopy.
2022;38(6):2062-72.¢1.

Setia MS. Methodology Series Module 5: Sampling Strategies. Indian J
Dermatol. 2016;61(5):505-9.

Simonsson R, Sundberg A, Piussi R, Hogberg J, Senorski C, Thomeé R, et al.

Questioning the rules of engagement: a critical analysis of the use of limb
symmetry index for safe return to sport after anterior cruciate ligament
reconstruction. Br J Sports Med. 2025;59(6):376-84.

Higgins LD, Taylor MK, Park D, Ghodadra N, Marchant M, Pietrobon R, et al.
Reliability and validity of the International Knee Documentation Commit-
tee (IKDC) Subjective Knee Form. Joint Bone Spine. 2007;74(6):594-9.

Sell TC, Zerega R, King V, Reiter CR, Wrona H, Bullock GS, et al. Anterior
Cruciate Ligament Return to Sport after Injury Scale (ACL-RSI) Scores

over Time After Anterior Cruciate Ligament Reconstruction: A Systematic
Review with Meta-analysis. Sports Med Open. 2024;10(1):49.

Briggs KK, Lysholm J, Tegner Y, Rodkey WG, Kocher MS, Steadman JR. The
reliability, validity, and responsiveness of the Lysholm score and Tegner
activity scale for anterior cruciate ligament injuries of the knee: 25 years
later. Am J Sports Med. 2009;37(5):890-7.

Ellison TM, Flagstaff |, Johnson AE. Sexual Dimorphisms in Anterior Cruci-
ate Ligament Injury: A Current Concepts Review. Orthop J Sports Med.
2021;9(12):23259671211025304.

Chia L, De Oliveira SD, Whalan M, McKay MJ, Sullivan J, Fuller CW, et al.
Non-contact Anterior Cruciate Ligament Injury Epidemiology in Team-
Ball Sports: A Systematic Review with Meta-analysis by Sex, Age, Sport,
Participation Level, and Exposure Type. Sports Med. 2022;52(10):2447-67.
Clifford C, Ayre C, Edwards L, Guy S, Jones A. Acute knee clinics are effec-
tive in reducing delay to diagnosis following anterior cruciate ligament
injury. Knee. 2021,30:267-74.

Parwaiz H, Teo AQ, Servant C. Anterior cruciate ligament injury: A persis-
tently difficult diagnosis. Knee. 2016;23(1):116-20.

Thoma L, Grindem H, Logerstedt D, Axe M, Engebretsen L, Risberg

MA, et al. Coper Classification Early After ACL Rupture Changes With
Progressive Neuromuscular and Strength Training and Is Associated

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

57.

58.

59.

60.

Page 13 of 14

With 2-Year Success: Response. American Journal of Sports Medicine.
2019;47(11):NP65-NP6.

Waiting times for elective (non-urgent) treatment: referral to treatment
(RTT) [Available from: https://www.kingsfund.org.uk/insight-and-analysis/
data-and-charts/waiting-times-non-urgent-treatment.

Sripada S, Loader H, Kam MHM, Raja AK, Haggart J, Fawcett T, et al. The
Health-Related Quality of Life of Patients Waiting for Anterior Cruciate
Ligament Reconstruction Is Worse Than an Age- and Sex-Matched Popu-
lation: Increasing Time on Waiting List for Surgery Was Independently
Associated with a Worse Quality of Life. Adv Orthop. 2022,2022:8146897.
Edwards PK, Ebert JR, Joss B, Ackland T, Annear P, Buelow JU, et al.

Patient Characteristics and Predictors of Return to Sport at 12 Months
After Anterior Cruciate Ligament Reconstruction: The Importance of
Patient Age and Postoperative Rehabilitation. Orthop J Sports Med.
2018;6(9):2325967118797575.

Cavanaugh JT, Powers M. ACL Rehabilitation Progression: Where Are We
Now? Curr Rev Musculoskelet Med. 2017;10(3):289-96.

Greenberg EM, Greenberg ET, Albaugh J, Storey E, Ganley TJ. Rehabilita-
tion Practice Patterns Following Anterior Cruciate Ligament Recon-
struction: A Survey of Physical Therapists. J Orthop Sports Phys Ther.
2018;48(10):801-11.

Hartshorne MT, Turner JA, Cameron KL, Padua DA. Strength of the Unin-
volved Limb Following Return to Activity After ACL Injury: Implications
for Symmetry as a Marker of Sufficient Strength. Int J Sports Phys Ther.
2024;19(6):657-69.

Wellsandt E, Failla MJ, Snyder-Mackler L. Limb Symmetry Indexes Can
Overestimate Knee Function After Anterior Cruciate Ligament Injury. J
Orthop Sports Phys Ther. 2017;47(5):334-8.

Buckthorpe M, Della VF. Recommendations for Plyometric Training after
ACL Reconstruction - A Clinical Commentary. Int J Sports Phys Ther.
2021;16(3):879-95.

Kotsifaki A, Van Rossom S, Whiteley R, Korakakis V, Bahr R, Sideris V, et al.
Single leg vertical jump performance identifies knee function deficits at
return to sport after ACL reconstruction in male athletes. Br J Sports Med.
2022;56(9):490-8.

Wilk KE, Arrigo CA, Davies GJ. Isokinetic Testing: Why it is More Important
Today than Ever. Int J Sports Phys Ther. 2024;19(4):374-80.

Zheng F, Jia R, Ye J, Li M, Zhang Y, Xu G, et al. Prediction of specific struc-
tural damage to the knee joint using qualitative isokinetic analysis. BMC
Musculoskelet Disord. 2024;25(1):382.

Svantesson E, Hamrin Senorski E, Webster KE, Karlsson J, Diermeier T,
Rothrauff BB, et al. Clinical outcomes after anterior cruciate ligament
injury: panther symposium ACL injury clinical outcomes consensus
group. Knee Surg Sports Traumatol Arthrosc. 2020;28(8):2415-34.
Henning M, Henning R, Dummett J. Improving the quality of rehabilita-
tion following anterior cruciate ligament reconstruction surgery, in an
outpatient physiotherapy department. BMJ Open Qual. 2023;12(3):1-6.
Walker A, Hing W, Gough S, Lorimer A.“Such a massive part of rehab is
between the ears”; barriers to and facilitators of anterior cruciate ligament
reconstruction rehabilitation: a qualitative focus group analysis. BMC
Sports Sci Med Rehabil. 2022;14(1):106.

Hall AM, Ferreira PH, Maher CG, Latimer J, Ferreira ML. The influence of the
therapist-patient relationship on treatment outcome in physical rehabili-
tation: a systematic review. Phys Ther. 2010;90(8):1099-110.

Walker A, Hing W, Lorimer A. The Influence, Barriers to and Facilitators of
Anterior Cruciate Ligament Rehabilitation Adherence and Participation: a
Scoping Review. Sports Med Open. 2020;6(1):32.

Halvorsen KC, Marx RG, Wolfe |, Taber C, Jivanelli B, Pearle AD, et al. Higher
Adherence to Anterior Cruciate Ligament Injury Prevention Programs Is
Associated With Lower Injury Rates: A Meta-Analysis and Meta-Regres-
sion. Hss j. 2023;19(2):154-62.

Ebert JR, Edwards P,Yi L, Joss B, Ackland T, Carey-Smith R, et al. Strength
and functional symmetry is associated with post-operative rehabilitation
in patients following anterior cruciate ligament reconstruction. Knee Surg
Sports Traumatol Arthrosc. 2018;26(8):2353-61.

Beard DJ, Davies L, Cook JA, Stokes J, Leal J, Fletcher H, et al. Compari-
son of surgical or non-surgical management for non-acute anterior
cruciate ligament injury: the ACL SNNAP RCT. Health Technol Assess.
2024,28(27):1-97.

Sonesson S, Kvist J. Rehabilitation after ACL injury and reconstruction
from the patients' perspective. Phys Ther Sport. 2022;53:158-65.


https://www.kingsfund.org.uk/insight-and-analysis/data-and-charts/waiting-times-non-urgent-treatment
https://www.kingsfund.org.uk/insight-and-analysis/data-and-charts/waiting-times-non-urgent-treatment

Maher et al. BMC Musculoskeletal Disorders (2025) 26:363

61. Buckthorpe M, Della Villa F, Villa SD, Roi GS. On-field Rehabilitation Part 1:
4 Pillars of High-Quality On-field Rehabilitation Are Restoring Movement
Quiality, Physical Conditioning, Restoring Sport-Specific Skills, and Pro-
gressively Developing Chronic Training Load. J Orthop Sports Phys Ther.
2019;49(8):565-9.

62. EggerdingV, Reijman M, Meuffels D, van Es E, van Arkel E, van den Brand
I, et al. ACL reconstruction for all is not cost-effective after acute ACL
rupture. Br J Sport Med. 2022;56(1):24-8.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 14 of 14



	Disparity in anterior cruciate ligament injury management: a case series review across six National Health Service trusts
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Results
	Patient and injury characteristics
	Key pathway events
	ACL injury management
	Discharge

	Discussion
	Patient and injury characteristics
	Key pathway events
	ACL injury management
	Rehabilitation and discharge
	Strengths
	Limitations

	Conclusions
	Appendix 1
	Standard operating procedure sent to each site
	Disparity in anterior cruciate ligament injury management: a case series review across six National Health Service trusts


	Inclusion criteria
	Exclusion criteria
	Sample required
	Data management
	Information required for case series review (please use the Excel spreadsheet attached)
	Any other comments
	Cover sheet (please use attached document):

	Audit completion date: (Proposed _____)
	Standardisation

	Acknowledgements
	References


