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Abstract
Objective: To evaluate the effectiveness of non-surgical interventions for knee stiffness or arthrofibrosis

following knee replacement surgery.

Data sources: Ovid MEDLINE, Ovid Embase, Cochrane Central Register of Controlled Trials

(CENTRAL), and Cumulative Index to Nursing and Allied Health Literature (CINAHL)were searched

from database inception to October 2024.

Review methods: All studies of non-surgical interventions (versus any/no comparator) for adults who

developed knee stiffness or a diagnosis of arthrofibrosis following knee replacement were included.

Selection, quality appraisal and extraction were completed in duplicate. Results were synthesised narra-

tively. The risk of bias was assessed, and GRADE criteria were used to evaluate evidence quality.

Results: Sixteen studies were included, comprising two randomised-controlled trials (n= 76), one non-

randomised controlled trial (n= 35), seven cohort studies (n= 352) and six case studies (n= seven).

Interventions varied widely including exercise, manual therapy, mechanical devices, and education.

Improvements in knee range of movement were reported with some demonstrating functional gains >110°

of knee flexion, but the evidence was of low quality. Limited reporting of intervention descriptions, patient-rele-

vant outcomes including function and pain, and longer-term follow-up hindered comprehensive evaluation.

Conclusion: The review highlights the heterogeneity of interventions, emphasising the need for standar-

dised reporting. While some studies showed promise, the lack of control groups, small sample sizes, and
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varied follow-up durations limit conclusive findings. There is insufficient evidence to support any specific

non-surgical interventions for arthrofibrosis post-arthroplasty. Further research should be a priority.
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Introduction

Total knee replacement surgery is a highly effect-
ive treatment for end-stage osteoarthritis, with
over 100,000 primary procedures performed in
the United Kingdom (excluding Scotland) in
2022.1 However, as many as 18% (around
18,000 cases) of all knee replacement surgeries
are affected by post-operative stiffness, ranking
as the second most common reason for hospital
re-admission following infections.2–4 Severe stiff-
ness due to arthrofibrosis occurs when an abnor-
mal inflammatory response leads to excessive
collagen production and scar tissue formation.5,6

The resulting restrictions in range of movement,
particularly knee flexion, can be debilitating;
using a standard chair and negotiating stairs
requires 90–120° of knee flexion, so even minor
restrictions can have a profound impact on an indi-
vidual’s mobility and function, ultimately leading
to a loss of independence.7

Physiotherapy is typically the first-line treatment
for arthrofibrosis, but there is significant variability
in what care patients receive with no clinical
guidelines for what this should encompass.5,8

Those who do not improve with physiotherapy
are often referred for manipulation under anaes-
thetic to ‘break’ the adhesions or other surgical
approaches. Most systematic reviews on this topic
focus on the efficacy and timing of the manipula-
tion under anaesthetic.9,10 Though generally con-
sidered effective, some adverse events during the
procedure include rupture of the knee extensor
mechanism and fractures around the joint replace-
ment.11 More significantly, however, manipulation
under anaesthetic is linked to a five-fold increased

risk of revision surgery within six years, equating
to poorer outcomes and increased costs.12,13

Existing non-surgical interventions for arthrofi-
brosis management include exercise, massage,
stretching devices, splints, neuromuscular stimu-
lation, education, and multi-modal physiotherapy.
A systematic review of medical stretching
devices across 13 studies of mixed study design
reported improvements in knee range of move-
ment with the use of these devices, but heterogen-
eity across the studies precluded a
meta-analysis.14 Additionally, variation in the
reporting of range of knee movement (mean
increases in flexion/extension and/or total range)
makes interpretation difficult. While only a
limited number of interventions have undergone
testing in randomised controlled trials, there is
some evidence indicating that non-surgical inter-
ventions may improve knee flexion and reduce
the need for further surgery.15,16

The primary objective of this reviewwas to evalu-
ate the effectiveness of non-surgical physiotherapeu-
tic interventions for arthrofibrosis/knee stiffness
following knee joint replacement on range of move-
ment. Secondary objectives were to determine the
effectiveness for other reported outcomes and evalu-
ate the reporting of intervention descriptions.

Methods

This systematic review was registered with the
International Prospective Register of Systematic
Reviews (CRD42022340090), conducted using
established processes (Cochrane Handbook V6.1)17

and reported according to the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses
guidelines (available in Supplemental file 1).18
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Search strategy

Articles were identified by electronic searching of
the following databases:

(a) Cochrane Central Register of Controlled
Trials (CENTRAL)

(b) Cumulative Index to Nursing and Allied
Health Literature (CINAHL)

(c) Ovid EMBASE
(d) Ovid MEDLINE including ahead-of-print

and in-process & other non-indexed citations
(e) First 100 citations on Google Scholar

Thedatabaseswere searched from their inceptionup to
August 2023 and updated in October 2024.
Additionally, the reference lists of included studies
and pertinent reviews were manually examined
to ensure comprehensive coverage of eligible
studies.14,19

The search strategy involved two main categor-
ies of keywords: those related to participants and
those relating to the interventions. These categories
were then combined using Boolean operators (see
Supplemental file 2).

Eligibility criteria

Inclusion criteria are outlined in Table 1. Studies
involving any surgical interventions, including
manipulation under anaesthetic alone, and those
including patients with neurological or blood disor-
ders were excluded. Language restrictions were not
applied; non-English papers were assessed and, if
necessary, translated into English using university-
based translation services.

Study selection and screening process

Results from the searches were imported into
EndNote bibliographic software (Thomson Reuters,
Philadelphia, PA, USA), and duplicates were elimi-
nated. The study selection process involved three
reviewers (MH, SG and BS) using Covidence soft-
ware to determine agreement. All studies were
screened independently by two reviewers using the
title and abstract, and subsequently, where a decision
could not be made, using full text. In case of disagree-
ments, a third reviewer was available to facilitate
resolution.

Data extraction

A tailored data extraction sheet was developed and
refined after pilot testing on a randomly selected

Table 1. Inclusion criteria.

Study design Any study design including randomised controlled trials, cohort studies, case-control studies,

observational studies, case series and case reports.

Participants Adults who developed knee stiffness or had a diagnosis of arthrofibrosis or contracture following knee

replacement for osteoarthritis.

Interventions Any of the following:

• Passive intervention (e.g., stretching programme, manual techniques, continuous passive motion)

• Active rehabilitation task (e.g., active or strengthening exercise, functional task practice)

• Adjunctive therapies or devices (e.g., electrical stimulation, splinting)

• Training and education (to carers or other healthcare professionals)

Comparator Any of the following:

• Any other intervention

• No intervention

• Usual care

Outcomes The primary outcome was the range of movement at the knee joint. Other measures included pain,

measures of function, activity or participation, quality of life, and patient satisfaction. Other data such

as progression to manipulation under anaesthetic, adverse events and costs were included where

available.
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subset of studies. Data extraction was carried out by
four reviewers (MH, SG, BA, and BS). Each pub-
lication’s data were extracted by one reviewer,
with a sample validated by independent extraction.
Disagreements were resolved by discussion with
another reviewer in the group.

The following data were extracted: author(s),
year of publication, study design, location, sample
size, eligibility criteria, population (count, surgery
type, demographics, allocation as applicable),
setting, intervention description (according to the
Template for Intervention Description and
Replication checklist),20 duration, resource require-
ments, intervention compliance, comparator
description (as applicable), type and timing of
outcome measures of interest (function, activity,
participation, adverse events, economic evalu-
ation), adverse events, analytical approach (hand-
ling of missing data as applicable), and summary
statistics and/or effect estimate/s.

Assessment of methodological quality

Four review authors conducted independent assess-
ments of each included study to evaluate their risk of
bias, guided by the Cochrane Handbook of
Systematic Reviews of Interventions.17 Bias assess-
ment for randomised controlled trials used the
Cochrane risk of bias tool v2.21 This tool assesses
the risk of bias using five domains for randomised
controlled trials: bias arising from the randomisation
process, bias due to deviations from intended inter-
ventions, bias due to missing outcome data, bias in
the measurement of the outcome, and bias in the
selection of the reported result. Studies were
assigned an overall high risk of bias if the trial was
judged to be at high risk of bias in at least one
domain or the trial was judged to have some con-
cerns in multiple domains in a way that substantially
lowered the confidence in the result. Studies were
assigned ‘some concerns’ if the trial was judged to
raise some concerns in at least one domain for the
result, but not to be at high risk for any domain.
Studies were assigned as ‘low risk of bias’ when
all domains were judged to be low risk of bias.

In the case of observational studies, including
cohort and case-control studies, bias was assessed

using the modified Newcastle-Ottawa Scale,
which considers the risk of bias in selection, com-
parability, and exposure/outcome.22,23

The Risk of Bias in Non-randomised Studies of
Interventions tool was employed for non-
randomised studies which considers risk of bias
across seven domains: confounding, participant
selection, intervention classification, intervention
deviations, missing data, outcome measurement,
and selection of reported results.24

The Joanna Briggs Institute critical appraisal
checklist for case reports was used for case
reports.25 It consists of a checklist with items cover-
ing the description of the patient and their history,
diagnostic tests, intervention description, clinical
changes post-intervention, adverse events and clin-
ical message.

Analysis

Wewere unable to conduct ameta-analysis due to the
diversity of interventions, comparators, and study
designs. Therefore, we conducted a narrative synthe-
sis based on study design where the outcome of
primary interest was knee range of movement, and
additional secondary outcomes are also reported.

In cases where there was sufficient data avail-
able, examinations of interventions based on their
type were conducted. For instance, interventions
were categorised by mechanical stretching
devices, splints, or multi-component interventions.
This allowed analysis and comparison of interven-
tions within these specific categories. Finally, we
reviewed the interventions’ descriptions using the
Template for Intervention Description and
Replication checklist to examine the key features
of the interventions.20

Strength of the evidence

The strength of the evidence was evaluated using
the Grading of Recommendations Assessment,
Development, and Evaluation approach.26 Each
outcome initially started at a ‘high’ level of evi-
dence and was subsequently downgraded, if neces-
sary, based on four domains: Study limitations,
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Inconsistency, Indirectness, and Imprecision. The
fifth domain ‘Publication Bias’ was not assessed,
as this is recommended only when ten or more
studies are included in a meta-analysis.

Results

Database searches retrieved 6314 articles, and fol-
lowing the removal of duplicates, 4338 articles
underwent screening for inclusion. After screening
titles and abstracts, 162 full-text articles were eval-
uated for eligibility, resulting in the exclusion of
145 articles. The study selection process and
reasons for exclusions are shown in the PRISMA
flow chart (Figure 1). A total of 16 articles were
included in the review.

Characteristics of the included studies

The characteristics of the 16 included articles are
summarised in Table 2. Of the included articles,
two were randomised-controlled trials (n= 76)
with 23.0% males and a mean age of 63.5
years,15,16 one was a non-randomised controlled
trial (n= 35) with 42.9% males and a mean age
of 64.9 years,27 seven were cohort studies (five
were prospective in design,28–32 three were retro-
spective33,34 (n= 329) with 37.2% males and a
mean age of 63.2 years, one study did not report
sex/age,29 and six were case reports with seven par-
ticipants, four of whom were male, with a mean age
of 55.3 years.35–40

Assessment of methodological quality and
strength of evidence

Randomised-controlled trials
There were some concerns for both randomised
controlled trials (Figure 2) that exhibited bias
risks related to insufficient detail in randomisation
and concealed allocation as well as a lack of asses-
sor blinding when using handheld goniometry. In
the Papotto et al. trial,16 one participant changed
groups, but this was unlikely to have a major
effect on the outcome. Both studies were low risk
for selective reporting and missing outcomes.

Non-randomised trials
The non-randomised controlled trial exhibited a
risk of bias due to insufficient detail regarding con-
founding variables and inadequate adherence to the
control intervention.27

Cohort studies
Risk of bias assessment for the seven cohort
studies, conducted with the modified Newcastle-
Ottawa Scale, is summarised in Table 3. In
general, these cohort studies lacked sufficient
detail regarding the selection of the non-exposure
or treatment group.28–30,32 Some of the studies
exhibited bias risks due to non-independent
blinded assessors29–31,34 and a low follow-up rate
of participants.29,33

Case studies
The Joanna Briggs Institute Critical Appraisal
Checklist for case reports can be found in Table 4.
Overall, the case studies included in this review,
which exclusively examined patients exposed to the
intervention, exhibited a high level of methodological
quality. However, one study lacked comprehensive
participant demographic information,39 another inad-
equately described the intervention,38 and two studies
omitted details on adverse events.39,40

Strength of evidence
Grading of Recommendations Assessment,
Development, and Evaluation was carried out for
range of movement, function and future manipula-
tion under anaesthetic (Table 5). Pain and other out-
comes were not formally assessed due to very low
levels of reporting. The quality of evidence was
rated as very low for all outcomes due to trial
design limitations, heterogeneity, wide variety of
interventions and low participant numbers.

Intervention protocols

The included interventions were frequently
complex in nature, and they are described in
detail in Supplemental file 3 using the Template
for Intervention Description and Replication check-
list.20 The intervention components have been
synthesised into key intervention domains:
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Exercise; Manual therapy techniques; Use of mech-
anical devices and splinting; and Other adjuncts.

Most studies investigated at least one of these
components.

Figure 1. PRISMA flow diagram of selection process.
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Exercise
Seven studies incorporated exercise interven-
tions.15,31,36,38–41 There was a lack of detail regard-
ing the specific procedures, including the
frequency, duration, and intensity of exercises
and/or any tailoring to individuals. Exercises pre-
dominantly focused on lower limb active-assisted
range of motion exercises; flexibility exercises
weight-bearing exercises, and task-specific activ-
ities such as sit-to-stand and step-ups. None of
the interventions used exercise in isolation.
Rather, they were combined with various adjunct-
ive therapies or devices.

Manual therapy techniques
The interventions examined in this review encom-
passed three distinct manual therapy techniques.
De Silva et al. 2018 employed a single three-minute
session of myofascial release therapy, administered
by a physical therapist, targeting various soft
tissues surrounding the knee joint.32 The use of
Astym® soft tissue therapy was featured in three
studies.29,33,39 Astym® therapy involves using a
handheld device designed for soft tissue manipula-
tion and mobilisation, typically administered by a
trained physical therapist. Two studies used
manual therapy techniques focused on joint mobili-
sations.31,40 For Dailey et al.,40 participants

received therapy once a week for a total of nine
weeks, whereas for Rauzi et al.,31 participants
underwent therapy twice a week for a four-week
duration, amounting to a total of eight sessions.

Use of mechanical devices and splinting
Eleven studies employed a mechanical device/splint-
ing treatment component, including a Continuous
Passive Motion device34; the Self Treatment
Assisted Knee Tool©41; Joint Active Systems©

Knee Device28,31,35; Customized Knee Device30,39;
Ongoing Care Solutions © Sports Brace29;
Dynasplint©36; End Range of Motion Improvement
© hydraulic Knee Flexionater16; Low Load Stretch
Device with Computer-Controlled Motion
Therapy15; and a custom Orthosis-Based Stretching
Device.37 Each employed a unique mechanism to
apply force across the knee joint, aiming to facilitate
flexion and extension moment forces. Typically,
devices were used for 30–60 min per day across two
or three sessions, but splints were used for longer
periods either overnight36 or throughout the day.39

Other adjuncts
Three studies included in this review included
Neuromuscular Electrical Stimulation as an
adjunct to treatment.13,14,29,30,32,38 One randomised
controlled trial provided written information to the

Figure 2. Risk of bias graph for randomised controlled trials.
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participants, which included both textual and visual
descriptions, specifically about the two available
stretching devices.16

Intervention effectiveness

Range of movement
All of the included studies measured the range of
movement of the knee. Seven of the studies reported
the use of a goniometer as the method of measure-
ment,15,16,28,30,31,35,41 and one used photogrammetry
using a digital camera,32 with the remainder not doc-
umenting the method of measurement.

The randomised controlled trial by Papotto
et al.16 showed that a high-intensity stretching
device produced significantly greater improvement
in movement at a mean of eight weeks follow-up,
achieving a mean change of 29.9° compared with
17.0° achieved with a low-intensity stretching
brace, p= 0.001. Witvrouw et al.’s15 2013 RCT
demonstrated significantly increased total range
for patients receiving the intervention (a low-load
stretch device with computer-controlled motion
therapy) and the control intervention (manipulation

under anaesthetic) with no significant between-
group difference at six-week follow-up.
Improvements in knee range for the low-load
stretch device group were 34.6° (SD, 17.02) for
the active movement and 35.4° (SD, 17.41) for
the passive movement. The control group gained
23.3° (SD, 19.89) in active and 25.5° (SD, 21.12)
in passive movement.

The non-randomised control trial of Aspinall
et al.41 showed greater improvement in total knee
range following use of the Self Treatment Assisted
Knee tool with self-directed stretching plus standard
physiotherapy, with a mean improvement of 30°
compared to eight degrees achieved with standard
physiotherapy (p<0.0005) at eight-week follow-up.

Three of the cohort studies included in this
review had comparator groups. Chughtai et al.33

did not report mean range but dichotomised
results into patients achieving an optimal range
of movement (defined as 110° for flexion and
five degrees for extension) or not. They reported
that all participants achieved an optimal range
after undergoing a multimodal physical therapy
protocol, compared with half of those receiving
standard care after six months (p= 0.005).

Table 5. Strength of evidence summary.

Summary of results Grading of recommendations assessment, development, and evaluation

Outcome

Number of

participants

(studies)

Study design/

risk of bias Inconsistency Indirectness Imprecision Quality

Knee range of

movement

344 (15) Limitationsa,b,c Inconsistencyd,e Indirectnessf Imprecisiong ⊕⚪⚪⚪
Very Low

Function 181 (5) Limitationsa,b,c Inconsistencyd,e Indirectnessf Imprecisiong ⊕⚪⚪⚪
Very Low

Manipulation

under

anaesthetic

145 (3) Limitationsc Inconsistencyd,e Indirectnessf Imprecisiong ⊕⚪⚪⚪
Very Low

aRandomised controlled trial downgraded for the lack of allocation concealment, lack of blinding, and deviations from intended

intervention.
bObservational studies automatically downgraded without special strengths.
cNon-randomised studies and case studies automatically downgraded to very low.
dLarge heterogeneity.
e<400 participants.
fWide variation in interventions.
gSmall sample sizes.
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Rauzi et al.31 conducted a feasibility study also
assessing a multimodal physical therapy pro-
gramme. Though not powered to detect a signifi-
cant difference between groups, they reported
that knee range of movement was similar in the
treatment group at a four-week follow-up (110°
± 14) compared to a retrospective cohort who
had undergone manipulation under anaesthetic
(109°± 11). Additionally, seven out of the ten
patients in the multimodal physical therapy
program achieved functional range (≥110°)
and avoided manipulation under anaesthetic. Van
Duren et al.34 compared patients who had undergone
manipulation plus the use of continuous passive
motion (carried out as an inpatient), to those who
received manipulation only (as a day case). Both
groups improved following the procedure, but the
additional use of continuous passive motion for inpa-
tients did not provide any additional benefits at the
final follow-up.

Four cohort studies were without comparisons,
all reporting improved knee movement following
their experimental intervention. Bonutti et al.28

demonstrated a median improvement of 25° in a
cohort of 25 after a median duration of seven
weeks of the Joint Active Systems© Knee Device.
Chughtai et al.29 (n= 23) demonstrated significant
improvements in mean flexion deficit from 70° to
105° (p < 0.001) after a mean duration of Astym®

therapy for two months. The total active
range was significantly higher post-intervention,
improving from a mean of 47° to 94° (p < 0.001)
for participants with flexion deficit. For participants
with a flexion contracture, the total range of
active movement was also significantly higher
post-intervention, improving from a mean of 56°
to 101° (p < 0.001). Silva32 demonstrated in a
cohort of 33 that myofascial soft tissue
release therapy improved range measured by
photogrammetry using a digital camera by five
degrees immediately post-treatment, corresponding
to an 11.9% improvement (p= 0.01). McGrath
et al.’s30 cohort of 47 participants did not report
pre- and post-movement but concluded that 40 of
47 patients showed improvement in flexion
contractures (p< 0.001) with a custom-moulded

knee device, after a mean duration of treatment of
nine weeks.

The six case studies included in this review also
reported improvements in knee movement. Behrns
et al.’s38 3-stage rehabilitation programme was pro-
vided to one participant over 10 weeks after receiv-
ing manipulation under anaesthetic. At discharge,
the participant’s active flexion improved from 82°
to 134° and extension improved from −10 ° to
zero extension . Bhave et al.39 reported that the par-
ticipant’s active flexion improved from 100° to
110° and active extension from −30° to −5°, after
nine weeks of Astym ©therapy. Dailey et al.40

reported on a focused physical therapy programme
with eight sessions delivered prior to manipulation
under anaesthetic and nine sessions after. Active
knee flexion improved from 45° to 90° on dis-
charge and passive from 48° to 116°. The partici-
pants in Finger et al.’s36 study received dynamic
splinting combined with physical therapy for 12
weeks over 28 sessions, with extension improving
from 20° lacking full extension to full extension.
Jansen et al.’s35 participants were treated with the
Joint Active Systems© Knee Device over 29 days
and improved total active range by 17°. Finally,
the two participants in the study of Karam et al.37

were treated with a hinged cast brace for two
weeks. The male participant improved their
flexion range from 90° to 110° and extension
range from 15° to three degrees after two months.
The female participant improved their flexion
range from 110° to 115° and extension range
from 15° to three degrees.

Secondary outcomes

Function
Several patient-reported measures of function were
reported across five studies, including the Western
Ontario and McMaster Universities Osteoarthritis
Index42 in three studies15,16,41; the Oxford Knee
Score43 was also included in the Aspinall et al.
study41; and the Knee Society Score44 in two
studies.29,30 All patients receiving the investigated
intervention in these studies demonstrated signifi-
cant improvement in function. In the randomised
controlled trial by Papotto et al.,16 patients
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demonstrated greater gains in function with the
high-intensity stretching device compared to the
low-intensity brace (change score equals 25.6
points versus 12.4; p< 0.05). Witvrouw et al.15

reported no differences in function when compar-
ing a low-load stretching device and manipulation
under anaesthetic. Aspinall et al.41 reported a
change score of 19 points for the Self Treatment
Assisted Knee Tool intervention compared to
three points following usual physiotherapy in a
non-randomised comparison.

Manipulation under anaesthetic and revision surgery
Chughtai et al.33 reported zero incidence in the
innovative multimodal physical therapy group
compared to 20% in the usual care group at six
months (p= 0.025). Rauzi et al.31 reported three
patients who underwent manipulation after failing
to progress within four weeks of the multimodal
physiotherapy programme. McGrath et al.30

reported two patients who underwent further
manipulation and additional surgery following six
weeks of a customised knee device in conjunction
with a standardised physical therapy regimen.
Van Duren et al.34 reported high rates of repeat
manipulation for both groups; 25.3% for manipula-
tion plus continuous passive motion versus 41% for
the manipulation-only group. The length of the
follow-up period was not reported, but the analysis
spanned six years. This was the only study to report
on revision surgery and was similar for both groups
at around 16% over the same period.

Pain
Change in pain was reported in two case studies
where joint mobilisation techniques completely
resolved pain40 and reduced from 10 to 2 on a
numeric rating scale following Astym therapy.39

Global rating of change
A global rating of change score of seven was also
reported following Astym therapy.39

Adherence
Two studies reported adherence using a participant-
completed logbook and satisfaction/acceptability

with the overall treatment approach using a seven-
point Likert scale.31,41

Adverse events
Just one study reported some bruising due to tight
strapping of a splint.31 No other adverse events
were reported.

Discussion

This systematic review aimed to explore the effect-
iveness of non-surgical interventions to improve
knee range of movement in people with arthrofibro-
sis/stiffness following knee replacement. From the
16 studies identified, there was evidence to
support interventions including exercise, manual
therapy, and mechanical devices/splinting, to
improve range of movement and function in
patients with stiffness following knee replacement.
However, the quality of the evidence was low.
Several studies demonstrated gains in knee
flexion >110° sufficient for functional activities in
daily life, which would likely avoid the need for
manipulation under anaesthetic or other more inva-
sive interventions.45 These included a randomised
controlled trial of a high versus low-intensity
stretching device where 91% of the high-intensity
group achieved gains >110°;16 a feasibility trial
of a multi-modal physiotherapy programme where
the mean increase in flexion was 124° compared
to manipulation;31 and a comparative cohort study
of a physiotherapy programme compared to stand-
ard physiotherapy where mean flexion increased to
116° and 106°, respectively.

The included studies revealed significant hetero-
geneity in the interventions used, study design and
follow-up, presenting challenges in drawing con-
crete conclusions regarding their efficacy. Seven
of the included studies incorporated exercise inter-
ventions; however, a common limitation was the
inadequate description of exercise protocols. Key
details, including the specific procedures, fre-
quency, duration, and exercise intensity, were
often missing. Notably, just one included study
by Rauzi et al.31 provided full comprehensive
details of the intervention.
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Three distinct manual therapy techniques were
observed in the reviewed studies. These techniques
included myofascial release therapy, Astym® soft
tissue therapy, and joint mobilisations. Although
trained professionals administered these techniques
and showed promise in improving range of knee
movement, the limited number of studies and
their high risk of bias in trial methodology make
it challenging to draw definitive conclusions.

A wide array of mechanical devices and splinting
methods were used across the included studies. The
diversity in these approaches underscores the high
heterogeneity in interventions, making it difficult to
determine which device or method is most effective.
Moreover, the lack of information about prescribed
exercises alongside these mechanical devices limits
our understanding of the comprehensive treatment
approach. Significantly, none of the studies offered
details on the cost of the interventions, leading to a
lack of confidence in treatment recommendations,
especially within the context of healthcare services
with resource constraints.

All 16 studies assessed knee range of movement
as the primary outcome measure; most studies
focused on knee flexion, but three were primarily
concerned with extension deficits.30,35,36 Varying
methods were used to assess range of movement
including goniometers and photogrammetry using
digital cameras, but several failed to specify how
it was assessed. While the primary emphasis on
range of movement is justified, the absence of
other patient-relevant outcomes is notable. Only
five studies reported changes in function over
time and four reported on rates of manipulation
under anaesthetic; all reported favourable results
but there was a lack of longer-term follow-up.
The Outcome Measures in Rheumatology
working group has defined a core outcome set for
hip/knee joint replacement trials, including pain,
function, patient satisfaction, revision, adverse
events, and death.46 To ensure the comprehensive
evaluation of interventions and inform clinical
decision-making, future studies should aim to
adopt the core domains and incorporate extended
follow-up periods. This approach is important for
capturing rates for manipulation under anaesthetic
and revision surgeries.

There are several limitations in the included
studies including small sample sizes, lack of
control groups and variations in follow-up
periods, which can affect the generalisability and
strength of conclusions that can be drawn.
Strengths of the review include the publication of
the protocol a priori, and the completion of
screening, selection, quality appraisal and data
extraction in duplicate. We did not restrict the
search by type of intervention to retrieve as
many relevant studies as possible. Additionally,
the search was updated at the time of write-up
to ensure more recent studies were not missed.
However, some studies may have been missed
from the broader multidisciplinary databases
such as Web of Science and Scopus and we did
not search the grey literature.

The evidence for the efficacy of non-surgical
interventions to improve movement, function and
reduce the need for manipulation under anaesthetic
or revision surgery in patients with stiffness after
knee replacement is of low quality. However,
they signal potential for an optimal non-surgical
intervention to be developed, clearly described
and tested in a future randomised controlled trial.
Few studies met the requirements for the core
outcome set for knee replacement research with
just three studies reporting progression to manipu-
lation under anaesthetic and revision surgery.
Longer follow-up using core and patient-relevant
outcomes including an economic analysis is
required to determine overall effectiveness.

Clinical messages

• Non-surgical interventions may improve
knee range of movement, function and
reduce the need for future surgeries follow-
ing knee replacement, but the quality of the
evidence is very low.

• Heterogeneity in interventions and limited
reporting on function and adverse events
hinder conclusive recommendations.

• Future research should prioritise standar-
dised reporting, larger sample sizes, and
adherence to core outcome sets to inform
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optimal non-surgical approaches for stiff-
ness post-knee replacement.
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