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By Dr Travis Pollen

OPTIKNEE 2022: consensus recommendations 
to optimise knee health after traumatic 
knee injury to prevent osteoarthritis

K e y  P o i n t s

1. Adolescents and young adults who participate in sports are at increased risk for traumatic 
knee injuries and, consequently, early-onset post-traumatic knee osteoarthritis (PTOA).

2. The purpose of this consensus statement was to provide clinical recommendations for how 
best to delay or prevent PTOA and optimize knee health.

3. Clinical recommendations included whom to treat, when and how to treat them, which 
outcomes to monitor (clinical outcomes, patient-reported outcomes, muscle function, and 
functional performance), and with how to interpret them.

Copyright © Physio Network
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BACKGROUND AND OBJECTIVE

Adolescents and young adults who participate 
in sports are at increased risk for traumatic knee 
injuries (1). These injuries can have debilitating 
long-term outcomes, including early-onset post-
traumatic knee osteoarthritis (PTOA) (2). PTOA is 
characterized by pain, impaired function, weak 
muscles, stiff joints, and reduced quality of life (3). 

Given the burden of knee injury and PTOA, the 
purpose of this consensus statement was to 
provide clinical recommendations for how to 
delay or prevent PTOA and optimize knee health.

METHODS

36 expert physiotherapists, physicians, and 
scientists from nine countries comprised 
the OPTIKNEE consensus group. The group 
conducted seven systematic reviews. The reviews 
included ~230 studies and data from over 
133,000 individuals (average age ≤30 years) with 
traumatic knee injuries, with a focus on anterior 
cruciate ligament (ACL) and meniscal tears. The 
key topics the group addressed were:

• The burden of traumatic knee injuries

• The risk factors for symptomatic and 
structural PTOA

• The best rehabilitation approaches to 
prevent PTOA

• Patient-reported outcomes (PROs), 
functional performance tests, and muscle 
strength tests for monitoring outcomes

The experts rated the level of appropriateness 
of recommendations on a nine-point scale, with 
higher scores denoting greater appropriateness.

RESULTS

The consensus process yielded eight clinical 
recommendations (see Table 1).

Specifically, after an ACL tear, rehabilitation 
should include exercises for weight-bearing, 
mobility, and neuromuscular control using both 
open- and closed-chain resistance (median 
appropriateness ≥7/9). Lower body plyometrics 
and neuromuscular electrical stimulation were 
also recommended (median appropriateness 
≥7/9). Recommendations for blood flow 
restriction training and whole-body vibration 
as adjuncts for quadriceps strengthening were 
uncertain (median appropriateness between 

This paper advocated for delaying 
the decision to have surgery until 
the knee is quiet and the patient 
has failed to reach their desired 
level of function conservatively.

Adolescents and young adults 
who participate in sports are 
at increased risk for traumatic 
knee injuries.

Copyright © Physio Network
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4/9 and 6/9). Return to sport pivoting was 
recommended only after proper physical 
preparation and passing a test battery (4) 
and no earlier than 9 months post-injury or 
reconstruction (median appropriateness ≥7/9).

LIMITATIONS

• The OPTIKNEE consensus group focused on 
identifying individuals who were at risk for 
PTOA and delaying progression thereof (i.e. 
secondary prevention). Reducing the risk 

Table 1 - Clinical recommendations to prevent post-traumatic  
knee osteoarthritis and optimize knee health



1010

of traumatic knee injuries themselves (i.e. 
primary prevention) was not the group’s focus. 

• They focused on symptomatic PTOA (rather 
than structural PTOA), since symptoms 
dictate burden (pain, disability, and quality 
of life). 

• Due to limited evidence on some topics, 
many of the clinical recommendations were 
based on low-quality evidence or expert 
opinion.

CLINICAL IMPLICATIONS

This consensus statement provided clinical 
recommendations for how best to delay 
or prevent PTOA, which the group defined 
colloquially as “young people with old knees.” 
Overarching themes included person-centered 
care and ongoing prevention across the 

lifespan. The OPTIKNEE group urged clinicians 
to incorporate the recommendations with 
their own expertise, patient preferences, and 
the resources at their disposal from a time and 
equipment standpoint.

One important point the group proposed 
regarded ACL reconstruction - rather than 
beginning treatment with surgery, the experts 
recommended beginning with education and 
exercise. They advocated for delaying the 
decision to have surgery – a decision made by 
the patient, with input from providers – until the 
knee is quiet and the patient has failed to reach 
their desired level of function conservatively. 
However, there was no consensus on precisely 
when or how to deem conservative care 
unsuccessful. Another important point in general 
regarded imaging, which should only be used if it 
will inform treatment.

Copyright © Physio Network
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By Dr Melinda Smith

Clinical consensus on diagnosis and 
treatment of patients with chronic 
exertional compartment syndrome of the 
leg: a Delphi analysis

K e y  P o i n t s

1. Consensus from an international expert panel was established to provide guidance for the 
diagnosis and treatment of chronic exertional compartment syndrome (CECS).

2. Experts agreed on five key criteria for the diagnosis of CECS.

3. Cessation of provoking activity and gait retraining were considered valuable conservative 
treatments, and although consensus was established on surgical approach to fasciotomy, 
opinions on postoperative rehabilitation protocols varied.

Copyright © Physio Network
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BACKGROUND AND OBJECTIVE 

Chronic exertional compartment syndrome 

(CECS) is a painful condition most commonly 

affecting the lower limb, particularly the 

anterior compartment of the leg. It is described 

as a reversible form of abnormally increased 

intramuscular pressure during exercise which, 

within a relatively noncompliant fascia, impedes 

local muscle blood flow and impairs the 

neuromuscular function of the tissues within a 

compartment (1). There is a lack of high-quality 

research studies to guide the development 

of clinical guidelines for the diagnosis and 

treatment of the condition. 

The aim of this Delphi study was to establish 

expert consensus on practical issues guiding 

diagnosis and treatment of CECS.

METHODS

• A Delphi study is a well-established approach 

that uses several rounds of questionnaires 

to establish consensus opinion (agreement) 

among a panel of experts. 

• This study consisted of a three-round 

consultation between May 2020 and 

July 2021. 

• 40 experts were invited to participate, based 

on their scientific track record.

• Eligible members included sports medicine 

physicians, surgeons, clinical investigators, 

and physiotherapists who actively treated 

patients with exercise-related leg pain in 

civilian and/or military populations. 

• A comprehensive search of the literature 

was performed and then a structured 

questionnaire (28 questions), related to 

the diagnosis and treatment of CECS, was 

developed for the first Delphi round. 

• Consensus was defined as positive or 

negative agreement of at least 70%, and a 

response rate of at least 70%. 

Chronic exertional 
compartment syndrome 
is a painful condition most 
commonly affecting the lower 
limb, particularly the anterior 
compartment of the leg.

Experts agreed that a 
standardized rehabilitation 
protocol should be used 
postoperatively.

Copyright © Physio Network
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• Questions that did not reach consensus were 

modified and redistributed for round 2 (22 

questions) and 3 (11 questions).

RESULTS 

27 civilian and military care providers formed 

the international Delphi consensus panel. All 

panel members completed round 1 and 89% 

completed rounds 2 and 3. Majority of panel 

members were sports medicine physicians 

(12/27; 44%), but also included orthopaedic 

surgeons (6/27; 22%), vascular surgeons (3/27; 

11%), trauma surgeons (3/11%), physiotherapists 

(2/27; 7%) and a clinical researcher (1/27; 4%). 

Majority of panel members were male (26/27; 

96%), from Europe (19/27; 67%) and treated 

civilian populations (19/27; 70%). 

Table 1 provides a summary of consensus 

achieved. 

Based on the questions covering the diagnostic 

work up, five key diagnostic criteria were 

established. No consensus was reached on the 

diagnostic role of intracompartmental pressure 

measurements, but majority of the panel agreed 

that other examinations including radiography, 

computerized tomography scans or magnetic 

resonance imaging was not required to confirm 

the presence of CECS. 

Consensus was achieved for some treatment 

approaches including cessation of provoking 

Copyright © Physio Network

Table 1 - Summary of consensus reached
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activity, gait retraining, the size and location 

of the incision for fasciotomy and the need for 

standardized monitoring of treatment outcomes, 

but there were varied opinions on postoperative 

rehabilitation protocols and treatment of 

recurrent or residual CECS.

LIMITATIONS

• Expert opinion is regarded as a lower level 

of evidence and requires confirmation 

with high-quality original research studies 

(prospective cohort studies; randomized 

controlled trials) 

• 70% agreement was defined for consensus 

and this threshold level is debated as a 

scientific rationale is not available (2). 

• There are no universally agreed criteria 

for the selection of experts and so the 

potential for bias is considerable as the exact 

composition of the panel can influence the 

results obtained (2). 

CLINICAL IMPLICATIONS

Until further high-quality research studies 

are conducted, this study may provide a first 

step towards establishing clinical guidelines 

for the diagnosis and treatment of CECS. The 

international panel of experts proposed five key 

diagnostic criteria – all of which are based on 

non-invasive clinical signs and symptoms. The 

proposed criteria are consistent with reports 

from the scientific literature (3), with exception 

that there was a lack of expert consensus 

regarding muscle palpation or presence of muscle 

herniation. Further investigation to confirm these 

key diagnostic criteria may aid the development 

of a diagnostic tool for clinical practice. 

Experts agreed that gait retraining was a valuable 

component of conservative rehabilitation, 

however, the details of what this involved 

were not described. If we draw on the existing 

literature, several case series (4-7) (all in military 

populations) have reported that gait retraining 

may be an effective strategy. It is important here 

to acknowledge the limitations of case series 

study design, which is the ability to demonstrate 

a treatment response over time, but as there is 

no comparator group it is unknown if this is more 

effective than another treatment approach, or 

natural course of the condition. 

For those interested to explore this approach, 

gait retraining interventions typically included 

change to a forefoot strike (when applicable), 

10% reduction of stride length, striving for a 

cadence of 180/min, increasing knee lift 1-2cm, 

and running drills designed to teach forefoot 

striking such as falling forward, foot tapping, 

high hopping. 

Experts agreed that a standardized rehabilitation 

protocol should be used postoperatively, but 

panel members could not agree on the type 

of restrictions included in such a protocol (for 

example permission of weight bearing, sports 

participation). This is consistent with a literature 

review that found no specific guidelines on 

postoperative management (8). Although experts 

couldn’t agree on postoperative protocols, there 

was consensus on three preferred standardized 

measures that can be used to monitor treatment 

outcome.
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By Dr Teddy Willsey

The load borne by the Achilles tendon 
during exercise: a systematic review of 
normative values

K e y  P o i n t s

1. The Achilles tendon (AT) is the largest and strongest tendon in the body.

2. Heavy slow resistance training appears to be the most suggested evidence-based 
treatment for Achilles tendinopathy.

3. Clinicians must be familiar with how exercise selection affects the mechanical load on the 
AT to optimally prescribe and progress exercise.

Copyright © Physio Network
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BACKGROUND AND OBJECTIVE

The Achilles Tendon (AT) is treated with the 

most restrictive level of protection post-injury 

and post-surgery of any tendon. It is the largest 

and strongest tendon in the body (1). Post 

op periods are characterized by restricting 

mechanical load on the AT through a dorsiflexion 

limiting orthoses (or boot) for up to 8 weeks and 

restricting single leg heel raises and jumping until 

4 months.

Exercise is the most efficacious conservative 

treatment for Achilles tendinopathy. Heavy 

slow resistance training has been shown 

to reduce pain and improve AT mechanical 

stiffness (2). Strength is a top priority in post 

op AT rehabilitation as well. Clinicians must be 

familiar with how exercise selection affects the 

mechanical load on the AT to optimally prescribe 

and progress exercise.

The authors of this paper sought to compare 

the normative values of AT load during various 

exercises commonly used in rehabilitation to 

better inform prevention and rehabilitation 

approaches.

METHODS

The authors performed a systematic review 

under PRISMA guidelines. 11 articles were 

included. Eligibility criteria included assessment 

of a living human and evaluation of the internal 

and relative load on the AT in either healthy or 

injured participants.

Most of the studies employed inverse dynamics 

and its derivatives to measure AT load. Inverse 

dynamics is based on the measurement of 

kinematics (joint angles and velocity) and kinetic 

(ground reaction forces) data. The quantification 

of relative AT load is a measurement of force (N) 

as a percentage of BW.

The Achilles Tendon is treated 
with the most restrictive level 
of protection post-injury and 
post-surgery of any tendon.

Vertical jumps have been shown 
to utilize more quadriceps 
muscle and less calf muscle 
than horizontal jumps, however 
vertical landings, require 
significantly more Achilles 
Tendon load than horizontal 
landing.

Copyright © Physio Network
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RESULTS

8 of the 11 papers primarily looked at walking 

and running, while three calculated AT load 

during common strengthening exercises. 

During walking, AT load ranged from 2.7 to 

3.95 body weight (BW). During running, AT 

load ranged from 4.15 to 7.71 BW. Previously, 

Maximal AT loads have been reported at up to 

12 times BW.

The authors organized the exercises into 

3 categories of increasing load (see Table 1). 

See a selection of the exercises demonstrated in 

the video.

LIMITATIONS

• Heterogeneity and a lack of rigor within 

each individual study negatively impact the 

Table 1 - The load borne by the Achilles tendon during  
rehabilitation exercises when compared to walking and running
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quality of this review. A few of the most 

common limitations were a lack of reporting 

of footwear, level of physical activity of the 

participants, and lack of standardization of 

walking and running speed.

• There was a disappointingly high degree of 

variability in the results between papers. 

Authors used 3 different models to calculate 

AT load and 5 different methods to calculate 

the AT moment arm. Results are not 

generalizable, as the population studied was 

heterogeneous.

• All studies failed to explore the nuances 

of exercise progression, including cueing, 

micro-progressions in range of motion, 

accommodating resistance, body position 

and leverages, tempo, and a large range of 

constraints that detail oriented clinicians 

employ daily in real world scenarios.

CLINICAL IMPLICATIONS

This study illuminates the increase in AT load in 

both horizontal and lateral jumps as compared 

to vertical jumps. This is likely due to the large 

degree of pronation and dorsiflexion required 

in horizontal and lateral hopping. Vertical jumps 

have been shown to utilize more quadriceps 

muscle and less calf muscle than horizontal 

jumps. Vertical landings, however, require 

significantly more AT load than horizontal landing 

(3). This data can be used to point toward a 

The load borne by the Achilles tendon during rehabilitation exercises  
when compared to walking

https://youtu.be/ulneg-AF_AE
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box jump as a good introduction to intensive 

plyometrics during AT rehab.

Clinicians can use the information from this study 

to progress step ups, step downs, and a variety 

of other strengthening exercises that are critical 

for patients of all ages to return to their prior 

level of function. For example, the trail leg on 

a step down takes the highest load and should 

be introduced last, whereas the low step-up 

lead leg takes the lowest AT load and should be 

introduced first in a stepping progression.

Estimating the load borne by the AT is an 

inexact measurement. Methodological 

considerations limit the results and call into 

question the importance of only measuring 

AT peak load. Emergent research has pointed 

toward quantifying tendon loading impulse 

and loading rates in addition to peak load to 

better understand the mechanical and structural 

demands of a tendon. Nonetheless, the paper 

provides a helpful framework for clinicians to 

better appreciate AT mechanical load.
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By Dr Sarah Haag

1. Stretching the upper trapezius, scalenes, and neck extensors offered short-term 
improvement in pain and nerve root function to both groups in this study.

2. The study group that received the cervical traction into cervical retraction and extension 
had longer-lasting improvements in pain and nerve root function and an increase in cervical 
lordosis.

Copyright © Physio Network

The efficacy of cervical lordosis 
rehabilitation for nerve root function and 
pain in cervical spondylotic radiculopathy: 
a randomized trial with 2-year follow-up

K e y  P o i n t s
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BACKGROUND AND OBJECTIVE 

Cervical spine radiculopathy (CSR) is a disabling 

condition that has a negative impact on every 

aspect of a person’s life. The prevalence 

and incidence of CSR are variable between 

populations globally, and there are no 

standardized diagnostic criteria for CSR (1). 

There is general agreement that conservative 

therapy for CSR should be considered first, but 

what “conservative therapy” entails is not well 

established. 

This study aimed to determine the impact of 

three-point bending traction compared to 

standard care in patients with lower CSR.

METHODS

• 30 people with lower CSR were randomized 

into a study group and a comparative control 

group. Both groups received standard 

care that included stretching exercises 

of the upper trapezius, the scalenes, and 

cervical extensor muscles, and infrared 

radiation.

Cervical spine radiculopathy 
is a disabling condition that 
has a negative impact on every 
aspect of a person’s life.

Both groups seemed to benefit 
from cervical range of motion 
or stretching (e.g. upper 
trapezius, scalene, and cervical 
extensor stretches).

• The study group also received three-point 

bending cervical traction, intended to cause 

slight extension, retraction, and traction 

with transverse traction at the apex of the 

participants’ cervical curve alteration. 

• Patients were provided care three times per 

week for 10 weeks. 

• Outcome measures were obtained at 

baseline, after 30 treatments, at three-

month follow-up, and at two-year follow-

up. Outcome measures included nerve 

root function as measured by peak-to-peak 

amplitude of dermatomal somatosensory 

evoked potentials (DSSEPs), sagittal 

alignment of lordosis (absolute rotation angle 

(ARA) C2-C7) via x-ray, and the numerical 

pain rating scale (NPRS). 

RESULTS

• Pain intensity was significantly improved 

for both groups after ten weeks of therapy, 

but only the study group maintained the 

Copyright © Physio Network
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improvements at the three-month and two-

year follow-ups (see figure below).  

• The control group reported an increase in the 

mean pain at the three-month and two-year 

follow-ups. 

• Cervical lordosis was increased in the study 

group, and no change was found in the 

control group. 

• DSSEPs improved in both groups, but the 

improvements were maintained at the three-

month and two-year follow-ups for the study 

group. The control group regressed to their 

baseline measurements.

LIMITATIONS

• The lack of blinding of investigators and the 

small sample size.

• The lack of comparative exercise (the control 

group performed some degree of cervical 

retraction and extension via traction, and the 

other group had no exercise that would move 

the spine into lordosis).

CLINICAL IMPLICATIONS

This study implies that a specific approach 

to cervical traction, which increases cervical 

Figure 1 - Differences in pain scores after the completion of the  
10-week program at 3 month and 2 year follow up
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lordosis, decreases pain, and improves DSSEPs 

in people with cervical radiculopathy. While the 

longer-term outcomes of the treatment group 

seem to be significantly improved, there are 

many factors that are not reported regarding 

the study group versus the control group that 

may contribute to the improved outcomes 

in the study group (or the regression of the 

control group) at the three-month and two-year 

follow up. 

If traction can be considered a form of passive 

movement, this traction approach moved 

the participants into cervical retraction and 

extension. Cervical retraction and cervical 

retraction with extension has been used in 

Mechanical Diagnosis and Therapy (MDT) for 

decades with some success (2). The three-

point bending traction unit is novel but is not 

likely readily available in most clinical settings. 

In addition to the device not being available, 

traction is not recommended for neck pain in 

clinical practice guidelines for neck pain (3,4). 

This study did find that both groups seemed 

to benefit from cervical range of motion or 

stretching, as both groups participated in 

upper trapezius, scalene, and cervical extensor 

stretches. The cervical traction may have added 

the cervical retraction and extension movement 

to the study group, which could be the main 

difference between the groups.
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By Linda Truong

Evidence of ACL healing on MRI following ACL 
rupture treated with rehabilitation alone may be 
associated with better patient-reported outcomes: 
a secondary analysis from the KANON trial

K e y  P o i n t s

1. There is exploratory evidence that there may be signs of anterior cruciate ligament (ACL) healing 
at 2 and 5 years after injury in those who opted for rehabilitation only in the KANON trial.

2. Participants with evidence of ACL healing appeared to have better Knee Injury and 
Osteoarthritis Outcome Score at 2 years, but not 5 year follow ups, when compared to non-
healed, early, or delayed ACL replacement groups.

3. Spontaneous ACL healing may occur more frequently than previously thought.

Copyright © Physio Network
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BACKGROUND AND OBJECTIVE

Can the anterior cruciate ligament (ACL) heal? 

This has been a looming question for centuries 

as we have seen different management and 

surgical procedures arise to optimize ACL healing 

and outcomes. The significant ramifications of 

potential ACL healing will not only reduce time-

loss from sport and recreational activity but 

decrease the substantial burden these injuries 

have on the health system and patients. 

This study explored the proportion of patients 

with evidence of ACL healing on MRI in the first 

5 years after an ACL rupture and assessed the 

impact of ACL healing on functional outcomes. 

METHODS

• This was a secondary analysis of the Knee 

Anterior Cruciate Ligament Nonsurgical vs 

Surgical Treatment (KANON) trial (1). Patients 

in the KANON randomized controlled trial 

(RCT) were aged 18-35 years with an acute 

ACL rupture confirmed on MRI within four 

weeks. 

• 62 patients were randomized to early 

ACL reconstruction (ACLR) and 59 to 

rehabilitation with the option of delayed 

surgery. 51% of patients in the delayed group 

had ACLR within 5 years. 

• ACL healing was measured on MRI at two- 

and five-year follow-ups and defined using a 

grading system (see Table 1). Binary cut-off 

was used to group participants with scores 

of 0-2 (considered ‘evidence of healing’) and 

scores of 3 (considered as non-healed) on 

MRI. 

• Functional outcomes included the Knee 

Injury and Osteoarthritis Outcome Score 

(KOOS), osteoarthritis on x-rays, physical 

activity measured on the Tegner Activity 

Scale (TAS) and knee laxity on a Lachman 

test. 

• Data analysis included: 

○ Proportion of healed ACL on MRI for 

patients randomized to the rehabilitation 

and option of delayed surgery group

Potential ACL healing may 
not only reduce time-loss 
from sport and recreational 
activity but also decrease 
the substantial burden these 
injuries have on the health 
system and patients.

This study continues to 
support the avoidance of early 
surgery unless necessary when 
treating anterior cruciate 
ligament tears.

Copyright © Physio Network
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○ Differences in functional outcomes 

assessed at two- and five-year follow-

ups based on healing observed on MRI/

treatment status

○ Relationship between ACL healing/

treatment status on functional outcomes 

at two- and five-year follow-ups. 

RESULTS

• At two-year follow-up, 16/54 (30%, 95% 

CI, 19-43) participants in the rehabilitation 

and optional delayed surgery group had 

evidence of ACL healing on MRI. However, 24 

participants went on to have surgery. Of the 

30 remaining in the rehabilitation only group, 

16/30 (53%, 95% CI, 36-70) had evidence of 

ACL healing at two years. At five years, 16/28 

(58%, 95% CI, 39-76) had evidence of ACL 

healing. 

• Participants with evidence of ACL healing 

reported better KOOS scores at two years 

over participants with non-healed ACL or 

those in the early or delayed ACLR groups. 

However, at five years, all groups had similar 

KOOS scores (See figure below). TAS scores 

were similar in all groups at two- and five-

year follow-ups.

• When assessing the relationship between 

ACL healing/treatment status on functional 

outcomes, participants in the healed group 

had better KOOS Sport and Recreation 

subscale at two years but not five years 

compared to other groups.  At five years, 

KOOS-QOL scores were better in the healed 

group vs the non-healed group, however, 

scores appeared similar across the early and 

delayed ACLR at two- and five-year follow-up.

LIMITATIONS

• This study was a secondary analysis and was 

not powered (i.e. sufficient sample size) to 

answer the research question. The small 

sample size and wide confidence intervals 

indicates a lack of certainty in the conclusions 

and findings should be interpreted with 

caution.

Table 1 - Anterior cruciate ligament osteoarthritis score (ACLOS)  
MRI Grading system
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Figure 1 - Mean KOOS subscale scores classified by  
treatment group and ACL healing status at 2 years

• This study was conducted in recreational 

athletes, and we are unable to generalize 

to elite athletes or patients in jobs that 

place high demand on their knees (e.g. 

firefighters). 

• While it is easier to conduct statistical 

analyses by dichotomizing or making binary 

groups (as in this case), these are arbitrary 

cut-offs. Clinically, a participant who scores a 

0 on the MRI grading could be argued to be 

very different than a participant who scored 

2, however, they are grouped in the ‘same’ 

group.

CLINICAL IMPLICATIONS 

While this study provides exploratory evidence 

that the ACL can heal spontaneously, it by no 

means replaces our current knowledge and 

management of ACL tears. However, it does shed 

light on the fact that patients will benefit from 

a period of rehabilitation first before deciding 

upon surgical or non-surgical management, 

and perhaps one of these benefits is potential 

healing of the ACL. We still do not know who or 

what type of patients may lead to ACL healing 

and current trials are underway regarding 

bracing acute ACL tears to promote healing (2). 

Nonetheless, this study continues to support 

the need to avoid early surgery unless necessary 

(e.g. elite athletes who do not have the luxury of 

trialling a 6-month non-surgical option). 

As stated across numerous conditions, imaging 

does not necessarily correlate with functional 

status and symptom presentation and should 

never be used to ‘treat, diagnose, or group’ 

patients (3). Although it is exciting to see some 

evidence of ACL healing, this must still correlate 

with the presentation of the patient and their 

current limitations. Until more research arises 

in this field, a shared decision-making approach 

should be considered best practice when helping 

patients determine the best management 

options for their ACL tear. 
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By Dr Val Jones

Persistent tennis elbow symptoms have 
little prognostic value: a systematic 
review and meta-analysis

K e y  P o i n t s

1. 90% of patients who received no active treatment for lateral elbow tendinopathy (LET) had 
either completely recovered or were much improved by 1 year.

2. These findings of a high likelihood of recovery irrespective of symptom duration means that 
previous observational studies of surgery or injections for chronic tennis elbow are likely to 
have overestimated the benefit of the intervention, as the benefits seen may be due to the 
natural resolution of the disorder itself, rather than the treatment given.

3. Discussing the natural history of LET with patients may help them to cope with their 
symptoms and reduce the likelihood they will seek (or be treated with) ineffective or 
unproven treatments, such as injections or surgery.
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BACKGROUND AND OBJECTIVE 

Lateral elbow tendinopathy (LET) or tennis 

elbow is a common painful condition that limits 

upper limb function (1). In long standing cases, 

surgery may be recommended if symptoms 

persist despite non- surgical management, as it 

is assumed the condition does not continue to 

improve over time. However, this assumption 

may not be true. Analyzing the results from the 

control arms of tennis elbow studies who have 

not received treatment, can help to show the 

natural history of the disorder.

The aim of this systematic review was to 

describe the course of individuals with LET who 

received no active treatment (placebo or no 

treatment) in published randomized controlled 

trials.

METHODS

• 3 electronic databases (MEDLINE, 

Embase, and CENTRA) were searched for 

randomized controlled trials, looking at 

the effects of treatment on the pain and 

disability of LET. 

• Data was analyzed via the Preferred 

Reporting Items for Systematic Reviews and 

Meta-Analyses (PRISMA) guidelines. The 

Cochrane Risk of Bias tool was used to assess 

the risk of bias of included trials. 

• 24 RCTs were included with 1085 participants 

receiving no active treatment. 

• The trials were performed in 11 countries 

and the most common active treatments 

compared against were steroid and PRP 

injections, shock wave and physiotherapy.

• Outcomes used were global improvement 

and pain and disability, measured at 1, 3, 6 

and 12 months follow up.

RESULTS

• Symptom resolution occurred quickly in the 

absence of treatment (see figure 1). 

• The half-life of the persistence of global 

symptoms was 2.5 to 3 months; meaning 

Lateral elbow tendinopathy is a 
common painful condition that 
limits upper limb function.

Up to 90% of people with lateral 
elbow tendinopathy have either 
completely recovered or are 
much improved by one year.
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Figure 1 - Relative pain and disability in those participants  
receiving no treatment

every 2.5 to 3 months, 50% of patients had 

symptom improvement. 

• By 12 months, almost 90% of patients had 

experienced improvement in their symptoms 

and were defined as treatment successes. 

• Pain and disability scores followed a similar 

pattern, halving every 3 to 4 months and 

approaching almost 90% and 85% resolution 

respectively, from baseline values, at 1 year 

follow up.

• The duration of symptoms before trial 

enrolment was not associated with the 

course of pain or disability after enrolment.

LIMITATIONS 

• There were confounders in the study, such as 

3 outlier trials, which focused on competitive 

racquet sport athletes, or included small 

participant numbers. The outlier studies 

were the only group where the control arm 

showed no improvement at all which caused 

statistical heterogeneity, and uncertainty in 

the estimates. All other studies showed a 

consistent recovery pattern.

• There was also some variation in the 

diagnostic criteria of tennis elbow in the 

included studies, and further analysis was 
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not performed to see if age or gender 

influenced outcome.

CLINICAL IMPLICATIONS

LET is a common cause for elbow pain and 

disability, mainly affecting middle aged patients 

(1). People with long term symptoms, even 

after attempts at non-operative treatment are 

considered possible candidates for surgery, 

despite the limited evidence to suggest that 

surgery is effective. This is often justified by the 

belief that the symptoms will not improve or 

resolve spontaneously over time. The results 

from the control arms of previous RCT’S, shows 

that this belief is questionable, as the natural 

history of the disorder, showed 90% of patients 

had either completely recovered or were much 

improved by one year.

Similar findings have been found in previous 

studies when comparing natural history to 

steroid injections (2,3,4). This study suggests that 

long term symptoms do not justify surgery, as 

this offers questionable benefit, and known risks.

Understanding the natural history of the disorder 

is useful for determining whether trials of new 

or existing unproven interventions are likely 

to be beneficial. Because up to 90% of people 

have either completely recovered or are much 

improved by one year with little remaining 

pain and disability after this time, worthwhile 

treatments need to outperform watchful waiting, 

with little or no risk.
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By Dr Jarod Hall

Visual inspection for lower limb 
malalignment diagnosis is unreliable

K e y  P o i n t s

1. Visual inspection of lower limb alignment is a common practice in musculoskeletal care for 
various pathologies including, but not limited to, knee pain, hip pain, ankle pain, and low 
back pain. 

2. The reliability of visual inspection (visual observation of the patient in stance on both legs in 
the examination room) for the detection of lower limb malalignment is currently unknown.

3. The findings of this study demonstrate that when compared to the gold standard of whole 
leg radiography, visual inspection of lower limb alignment is not valid or reliable.

Copyright © Physio Network
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BACKGROUND AND OBJECTIVE

It has previously been established that varus 

malalignment of the knee is present in 53% 

to 76% of individuals with unicompartmental 

knee osteoarthritis (OA) (1). Currently, this 

malalignment is thought to increase the risk of 

both the development and progression of OA 

due to loading imbalance of the knee joint (2,3). 

During physical examination, several methods 

are available for the assessment of lower limb 

alignment (4,5). All these alternatives for whole 

leg radiographs (WLRs) have been tested and 

compared with the measured leg axis on WLRs 

for correlations with results ranging from low, 

moderate to good. In the case of suspected 

malalignment, physicians often choose to 

obtain additional WLR which exposes patients 

to unnecessary radiation and increases health 

care costs. 

This study aimed to investigate how reliable 

visual inspections are in terms of detecting lower 

limb malalignments without the addition of tools 

and other physical examinations. The authors’ 

hypothesis was that only a visual inspection of 

the lower limb is not sufficient for the detection 

of lower limb malalignment.

METHODS

• For this study, patients were recruited at the 

outpatient clinic of the University Medical 

Center (UMC) Utrecht. 

• Patients were eligible when a WLR 

was obtained on the same day as their 

appointment at the outpatient clinic. 

• Exclusion criteria were age below 18 years; 

inability to read, communicate, and/or 

speak the Dutch language; and incapable of 

providing informed consent.

• When a patient was referred for WLR, 

a digital photo was also taken for visual 

inspection of the lower extremity. The 

conditions for obtaining the digital 

photograph were kept similar to the WLR 

with the patient’s feet placed 10° externally 

rotated and 10 cm apart on a template, knees 

in full extension, and both arms alongside the 

body.

• Each digital photograph was randomly 

assessed twice bilaterally by 4 observers with 

Varus malalignment of 
the knee is present in 53% 
to 76% of individuals with 
unicompartmental knee 
osteoarthritis.

The overdiagnosis of normal 
anatomic presentation as 
pathological or dysfunctional 
has the underlying potential for 
long ranging iatrogenic effects.
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1 week in-between, with varying experience 

levels (orthopedic surgeon with 10 years’ 

experience, orthopedic surgeon with 5 

years’ experience, orthopedic resident, and 

researcher). 

• All observers were blinded from the hip knee 

angle (HKA) present on WLRs during visual 

observations. HKA alignment was divided 

into four categories:

○ Severe valgus (>5°)

○ Moderate valgus (3°-5°)

○ Neutral

○ Moderate varus (3°-5°)

○ Severe varus (>5°)

RESULTS

• Radiographic assessment of the 100 included 

legs resulted in 11 severe varus, 16 moderate 

varus, 67 neutral, 6 moderate valgus, and 0 

severe valgus (based on the HKA measured 

on the WLR) cases.

• When radiographic assessment was 

compared with visual inspections, the 

percentage of incorrect visual leg axis 

assessments ranged between 45.8% and 

75.0%. The errors were lowest in patients 

with a moderate valgus alignment and 

highest when the patient presented a severe 

varus deformity. 

• No significant difference was noted between 

the accuracy of more and less experienced 

examiners. Patients with a neutral leg 

alignment were assessed to be pathological 

in 50.7% of cases.

• Women had an increased odds ratio of 3.7 

(P = 0.001) for incorrect visual leg alignment 

assessment. Also, an increasing HKA itself 

had a significant (P = 0.003) effect on 

incorrect visual assessments with an odds 

ratio of 1.4.

LIMITATIONS

• The authors of this study detailed no 

limitations to the study, which may be 

perceived as a limitation.

• Limitations noted by the reviewer include 

the lack of multicenter design for patient 

selection and a design in which all examiners 

practiced in the same center for knee 

pathology. These two factors taken together 

may create measurements with an inherent 

clinical bias specific to the clinicians in this 

center.

• Additionally, the standardization of standing 

position was placed in the research design 

to limit variability and achieve consistency. 

However, anatomical variance exists between 

human beings and the assessment may 

have yielded different results if patients 

were allowed to assume their natural and 

comfortable standing posture.

CLINICAL IMPLICATIONS

The results of this study provide evidence that 

the clinical utilization of visual limb inspection for 
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lower extremity alignment has poor interrater 

reliability and validity when compared to WLR’s. 

These findings should be integrated into current 

clinical practice in order to update biomechanical 

and postural narratives consistently utilized in 

clinical decision-making models for injury risk 

assessment, lower extremity dysfunction, and 

lumbar spine pathology. 

The results of this study also demonstrated 

that gender influences the visual assessment 

of patients’ leg axis. It is important to note that 

women appear to present at an increased risk for 

incorrect visual ratings. A possible explanation 

for this could be the difference in the anatomical 

axis of the femur between men and women. 

Understanding the influence of gender on 

examiner perception of lower limb alignment 

should be considered when evaluating patients 

clinically. 

Interestingly, no significant difference was 

noted between the accuracy of more and less 

experienced examiners demonstrating that 

ability to assess lower limb alignment does not 

improve with practice and repetition through 

one’s career. Among the most concerning 

findings was that patients with a neutral leg 

alignment were assessed to be pathological in 

50.7% of the time. The overdiagnosis of normal 

anatomic presentation as pathological or 

dysfunctional has the underlying potential for 

long ranging iatrogenic effects, including but not 

limited to, unnecessary intervention, erroneous 

treatment plans, and associated health care cost 

to patients.
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By Dr Sandy Hilton

Pelvic floor physical therapy for pelvic 
floor hypertonicity: a systematic 
review of treatment efficacy

K e y  P o i n t s

1. Pelvic muscle hypertonicity is associated with urological, gynecological, gastrointestinal, 
sexual dysfunction, and pelvic pain.

2. Pelvic floor physical therapy is a primary treatment for pelvic muscle hypertonicity.

3. There is not a specific validated patient outcome measure for pelvic muscle hypertonicity.

Copyright © Physio Network
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BACKGROUND AND OBJECTIVE

The muscles of the pelvic floor (PF) are defined 

as superficial and deep layers which are assessed 

with vaginal or rectal digital palpation and 

assessment of muscle function for contraction 

and relaxation. These muscles provide support 

for the pelvic and abdominal viscera as well as 

function for normal bowel, bladder, and sexual 

health. The prevalence of PF hypertonicity 

(PFH) is between 50% and 90% (1,2). There 

is no standardized assessment of PFH and no 

normative values (3,4). 

The goal of this systematic review was 

to appraise the current literature on the 

effectiveness of pelvic floor physical therapy 

intervention for the treatment of PFH.

METHODS

The authors conducted the search and 

documented it fully in this review in accordance 

with the Preferred Reporting Items for 

Systematic Reviews and Meta-Analyses (PRISMA) 

statement. There were 28 different reported 

outcome measures across the 10 included 

studies.

RESULTS

Outcome assessments across the 10 included 

studies were:

• Pelvic floor muscle resting tone and function

• Pain

• Sexual function

• Improvement of pelvic floor symptoms

• Quality of life

• Patient perceived effect

PF manual therapy had the most positive effect 

in improving muscle resting tone, function, 

and pain.

Pelvic floor muscles provide 
support for the pelvic and 
abdominal viscera as well as 
function for normal bowel, 
bladder, and sexual health.

Without having an established 
standardized assessment, 
outcome measurement, and 
treatment, we need to hold 
lightly to the claims made of 
efficacy in treatment.
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LIMITATIONS

• The outcomes are too varied to draw 

conclusions about efficacy. 

• The studies did not all measure the same 

outcomes and when they did, they did not 

use the same outcome measures. 

• There is massive heterogeneity of treatment 

for PFH ranging from five days to three 

months, five to 12 sessions of 30 to 75 

minutes. 

• The authors describe these limitations in 

detail regarding the high heterogeneity and 

low number of qualifying RCTs for this patient 

population.

CLINICAL IMPLICATIONS

The large range (50% to 90%) of prevalence for 

pelvic pain is due in part to the lack of agreement 

on definition, assessment, and the wide range of 

measures used to assess efficacy of treatment. 

There is not sufficient standardization of 

terminology, assessment, treatment, or outcome 

measure for PFH. 

This inability to draw conclusions is frustrating, 

but it does not mean that we should not try to 

help with patient function, reducing pain, or 

promoting self-efficacy. It means that we need 

to support the ongoing efforts to establish 

standardized global agreement on terminology 

to define and accurately assess the prevalence 

of PFH. It also means that we need to support 

and encourage the efforts to use standardized 

outcome measures for RCTs to be conducted that 

can be used in efficacy studies. 

What is most lacking is normative data for pelvic 

muscle tone on palpation. Without normative 

data we can’t establish standardized assessment 

and without standardized assessment we 

cannot devise studies to determine efficacy of 

treatment. 

Without the ability to have an established 

standardized assessment, outcome 

measurement, and treatment, we need to 

hold lightly to the claims made of efficacy 

in treatment. We remain in a state of N=1 

individualized assessment, treatment, and 

perceived improvement. That is a “field 

expedient” patient management, where we use 

what is at hand, even if that might not be the 

best option, because we have no way to know 

what the best option is yet.  

While the slow progression of science rolls on, 

we continue to do our best in the clinic to help 

each individual with pelvic muscle hypertonicity 

to reach their goals and learn self-management. 

If there are researchers looking for a helpful 

idea, it would be good to have normative data 

on pelvic muscle tone in the asymptomatic 

population and a standardized way to assess that 

tone in males and females.



4141 Copyright © Physio Network

+ Study reference

Van Reijn-Baggen D, Han-Geurts I, Voorham-van der Zalm P, Pelger R, Hagenaars-van 
Miert C, Laan E (2022) Pelvic floor physical therapy for pelvic floor hypertonicity: A 
systematic review of treatment efficacy. Sexual Medicine Reviews, 10(2), 209–230.

SUPPORTING REFERENCES

1. Morin, M. et al. (2017) “Heightened pelvic floor muscle tone and altered contractility in women with provoked 
vestibulodynia,” The Journal of Sexual Medicine, 14(4), pp. 592–600. 

2. Voorham-van der Zalm, P.J. et al. (2008) “‘diagnostic investigation of the pelvic floor’: A helpful tool in the approach in 
patients with complaints of micturition, defecation, and/or sexual dysfunction,” The Journal of Sexual Medicine, 5(4), pp. 
864–871. 

3. Doumouchtsis, S.K. et al. (2022) “An international continence society (ICS)/ international urogynecological 
association (IUGA) joint report on the terminology for the assessment and management of Obstetric Pelvic Floor 
Disorders,” Continence, p. 100502. 

4. Bo, K. et al. (2016) “An International Urogynecological Association (iuga)/international continence society (ICS) 
joint report on the terminology for the Conservative and nonpharmacological management of female pelvic floor 
dysfunction,” Neurourology and Urodynamics, 36(2), pp. 221–244.

Dr Sandy Hilton

https://www.sciencedirect.com/science/article/pii/S2050052121000123?via%3Dihub


4242

By Todd Hargrove

Pay attention to the evidence: in 
the longer term, intraarticular 
corticosteroid injections offer only 
harm for knee osteoarthritis

K e y  P o i n t s

1. There is no evidence that intra-articular corticosteroid injections provide any long-term 
benefits for treatment of knee osteoarthritis. 

2. There is evidence that intra-articular corticosteroid injections for treatment of knee 
osteoarthritis cause harm in the long term.
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BACKGROUND AND OBJECTIVE

Intra-articular corticosteroid injections (IACIs) are 

a common treatment for knee osteoarthritis, but 

there is evidence that their benefits are limited 

to the short term, and that they cause harm in 

the long term. 

This paper was a commentary reviewing some of 

the relevant evidence and arguing that medical 

care providers should discontinue use of IACIs as 

a treatment for knee osteoarthritis.

METHODS

This paper reviewed some systematic reviews, 

RCTs and meta-analyses concerning the 

medium and long-term effects of IACI treatment 

compared to placebo and alternative treatments. 

It also rebuts arguments from experts who 

recommend the continued use of IACIs for 

treatment of knee osteoarthritis.

RESULTS

• Although IACIs may provide short-term pain 

relief, it is widely acknowledged that they do 

not have long-term benefits. In fact, there 

is evidence that they cause harm in the 

medium and long term. 

• The potential mechanisms for harm include 

cartilage degeneration (1), greater risk of 

progression to surgery and its possible 

harmful side effects (e.g. infection) (2,3). 

• A randomized controlled trial found that 

IACIs were associated with worse outcomes 

than placebo injections in the medium and 

long term (4). 

• Proponents of IACIs have argued that their 

use should be continued, because there is 

insufficient evidence showing that there are 

Intra-articular corticosteroid 
injections might cause long 
term harm through cartilage 
degeneration, and/or increasing 
the probability of surgery and 
its associated risks, such as 
infection.

Intra-articular corticosteroid 
injections are a common 
treatment for knee 
osteoarthritis, but there is 
evidence that their benefits 
are limited to the short term.
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effective alternative treatments. However, 

there is evidence from systematic reviews 

and meta-analyses that platelet rich plasma 

(PRP) injections performed better than IACIs 

in the medium and long term (5). 

• Although advocates for IACIs have argued 

that PRP injections perform no better than 

placebo, this would logically imply that IACI's 

actually cause harm, because they perform 

worse than PRP. 

• In light of this evidence, the author of the 

commentary concludes that the only possible 

reason to continue the use of IACIs is an 

unreasonable bias in favor of the status quo. 

However, the status quo regarding knee 

osteoarthritis seems to be getting worse, as 

knee replacement surgeries are becoming 

more common.

LIMITATIONS

This commentary reflects the opinions of the 

author, and not necessarily those of other 

experts. Further, it does not claim that such 

opinions are based on systematic review of all 

the relevant authorities.

CLINICAL IMPLICATIONS

Knee osteoarthritis is a chronic condition that 

may cause pain or disability. IACIs can provide 

short-term pain relief for knee osteoarthritis, 

but they have shown no benefits in the medium 

or longer-term. This point is conceded even by 

proponents of IACIs.

Further, there is evidence that IACIs cause harm 

in the long term, because outcomes for knee 

osteoarthritis are worse with IACIs than with 

placebo injections. IACIs might cause long term 

harm through cartilage degeneration, and/

or increasing the probability of surgery and its 

associated risks, such as infection. 

Proponents of IACIs point to uncertainties in the 

evidence about whether there are alternative 

treatments such as PRP injections that perform 

better than IACIs. However, evidence about 

PRP is irrelevant to questions about the safety 

and efficacy of IACIs. Once we know that IACIs 

don't offer long-term benefit (and might cause 

long-term harm) any remaining doubts about 

their exact effects should be resolved in favor 

of discontinuing their use. Arguments to the 

contrary effectively shift the proper burden of 

proof, violate the “first do no harm” principle, 

and represent an unreasonable bias in favor of 

an unsatisfactory status quo. 

Further, if the logic used by the proponents 

of IACIs were applied to other interventions, 

such as surgeries, absurd results would follow. 

For example, there would be no reason to 

discontinue the practice of knee surgeries that 

have been shown to be more harmful than 

beneficial in the long term.
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By Dr Mariana Wingood

Diagnostic accuracy of the five times 
stand-to-sit test for the screening 
of global muscle weakness in 
community-dwelling older women

K e y  P o i n t s

1. Prior to this publication, the validity of the five times sit-to-stand (5xSTS) was based on 
correlation to quadriceps and not global muscle strength.

2. Among older adult women, global muscle weakness can be screened via the 5x STS.

3. Among older adult women, the cut-off point that identifies the reduced global muscle 
strength is 11.6 seconds.
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BACKGROUND AND OBJECTIVE

Among older adults, muscle weakness is 

associated with various adverse health outcomes, 

including falls, hospitalization, institutionalization, 

and a reduction in quality of life (1,2). Thus, it is 

essential to have accurate and reliable muscle 

weakness screening tools. According to various 

guidelines, grip strength and five times stand-to-

sit (5xSTS) is recommended as a screening tool 

for muscle weakness (2,3). However, the validity 

of the 5xSTS is based on correlation to quadriceps 

muscle strength and not global muscle strength. 

This literature gap is concerning because 

clinicians use the 5xSTS to indicate overall 

strength associated with functional activities.

The objective of this study was to verify if the 

5xSTS could estimate global muscle strength 

among older women, considering the sum of 

muscle strength at the trunk, hip, knee, and 

ankle muscle groups.

METHODS

Design: Cross-sectional study

Participants: 119 women aged 60-80 who 

did not have cognitive impairment, dizziness, 

uncontrolled heart disease, or a musculoskeletal 

or neurological condition

Data: 

Objective Data: perform 5xSTS, isometric peak 

torque of trunk flexors and extensors, hip flexors, 

extensors, abductors, and adductors, knee 

flexors and extensors, and ankle plantar and 

dorsiflexors via isokinetic dynamometer, weight, 

and height

Subjective Data: age, physical activity levels, and 

presence of comorbidities

Procedures for 5xSTS: The 5xSTS (see video below) 

was repeated twice to allow familiarization and 

the shortest time (the best performance) was 

considered for statistical analyses.

RESULTS

The receiver operating characteristic (ROC) 

curve showed that the 5xSTS has a moderate 

accuracy (Area Under the ROC Curve [AUC] = 

0.8; p < 0.001) for discriminating older women 

with reduced global muscle strength. The 5xSTS 

score with the best accuracy, meaning the 

Among older adults, muscle 
weakness is associated 
with various adverse health 
outcomes.

The purpose of a screening tool 
is to make sure that you miss 
as little percent of individuals 
with the diagnosis (i.e. muscle 
weakness) as possible.
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highest levels of sensitivity (80%) and specificity 

(62%), to evaluate global muscle strength was 

11.6 seconds.

LIMITATIONS

This study has limited external validity, meaning 

it is not generalizable. The population was 

women aged 60-80; thus, the results and 

cut-off values cannot be applied outside of 

this population. Furthermore, compared to 

other validity studies, the sample was small. 

Therefore, additional research among different 

populations is needed before determining what 

cut-off score should be used among men or 

women older than 80. 

The authors did not reference the procedures 

they used. As there are two procedures for 

timing the 5xSTS (with timing either stopping at 

the end of the 5th stance or after returning to 

sitting) the readers cannot be confident if the 

11.6-second cut-off is for stopping after the 5th 

stance or after returning to sitting.

CLINICAL IMPLICATIONS

The results indicate that 5xSTS can be used 

to screen for global muscle weakness, with 

11.6 seconds being the recommended cut-off 

value. To explain this conclusion, let us look at 

the definitions of ROC, AUC, sensitivity, and 

specificity. 

The ROC curve is used to determine the 

optimal cut-off value and the best diagnostic 

performance. It does this by plotting the tests 

1-specificity on the x-axis and sensitivity on 

Five times stand-to-sit-test (5TSST)

https://youtu.be/PQDx5FEfdNI
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the y-axis. The sensitivity is the proportion of 

individuals who have the diagnosis and test 

positive (i.e. sensitivity= positive test results 

among those with diagnosis/total number of 

individuals with diagnosis). Sensitivity data 

helps answer the question of; if the patient has 

x diagnosis, what is the likelihood they will test 

positive? 

Specificity is the proportion of individuals 

without the diagnosis who test negative 

(i.e. specificity=negative test results among 

those without the diagnosis/total number of 

individuals without the diagnosis). Specificity 

data helps answer the question of; if the patient 

does not have x-diagnosis, what is the likelihood 

they do not test positive?

In an ideal world you want a test that has high 

sensitivity and specificity, meaning that the ROC 

curve approaches the left corner. For an AUC to 

be acceptable, the area needs to be above 0.7 

but for accuracy purposes it is preferred to be 

above 0.8. Therefore, the results of this study 

(AUC=0.80) indicates that it is a good test. 

When looking at the sensitivity, we can state that 

among those who have global muscle weakness, 

80% of the 5xSTS performances were greater 

than 11.6 seconds, and thus, they were correctly 

identified as having global muscle weakness. 

When looking at the specificity, we can state 

that among those who do not have muscle 

weakness, 62% of the 5xSTS performances were 

lower than 11.6 seconds, and thus they were 

correctly identified as not having global muscle 

weakness. 

As the purpose of a screening tool is to make 

sure that you miss as little percent of individuals 

with the diagnosis (i.e. muscle weakness) as 

possible, you want a test that has high sensitivity. 

While for assessment tools or tools used for 

confirmatory purposes, you want tests with high 

specificity because you want to ensure that you 

are certain about your diagnosis. 
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By Dr Stacey Hardin

Imaging of groin pain in athletes: 
patterns of injury at MRI and gender 
differences therein

K e y  P o i n t s

1. According to this study, significant gender-based differences in injury category exist in 
athletes with groin pain. 

2. The most common MRI finding was injury to the short adductor muscles followed by injury 
to the rectus abdominis-adductor longus attachment.

3. Female athletes are significantly underrepresented in research related to athlete groin 
pain.
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BACKGROUND AND OBJECTIVE

Athletic groin pain is common in athletes 

of all levels. Due to the complexity of the 

anatomical structures in the area, diagnosis and 

management of groin pain can be challenging. 

Magnetic resonance imaging (MRI) has been 

a useful tool to accurately diagnose the injury 

leading to more timely and appropriate 

interventions.  

The objectives of this study were to:

1) Determine the most common patterns of 

injury on MRI in athletes with groin pain

2) Explore whether gender differences 

exist related to injury diagnosed via MRI 

findings.

METHODS

MRI studies from 470 athletes (46 female, 

424 male) who were being evaluated for groin 

pain were retrospectively analyzed in this study. 

Findings were classified into one or more of the 

following categories. Pictorial examples of each 

MRI finding have been printed in the original 

research paper for reference:

• Injury to the common rectus abdominis/

adductor longus origin 

• Injury to the short adductor muscles or their 

attachments (gracilis, adductor brevis and 

pectineus muscles)

• Pubic bone edema (defined as bone edema 

spanning the pubic symphysis and remote 

from muscular attachment)

• Pubic symphysis degenerative changes (joint 

space narrowing, irregularity of the articular 

surfaces and osteophytosis)

• Injury to the hip joint (subchondral edema, 

degenerative changes with chondrosis, 

labral edema or paralabral cyst formation. 

Impingement morphology alone in the 

absence of secondary labral derangement 

was not included)

• ‘Other’ finding 

• Normal/no findings

Due to the complexity of 
the anatomical structures 
in the area, diagnosis and 
management of groin pain can 
be challenging.

In the presentation of groin 
pain, there can be multiple, 
interrelated structures that 
are impacted.
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Athletes were excluded if they reported multiple 

sites of injury or pain. Relative risk ratios were 

then used to compare the presence of each 

specific injury category between male and 

female athletes.

RESULTS

470 athletes (46 female, 424 male) with ages 

ranging 16-49 years old (average age: 24.9 years) 

were included. Female athletes were significantly 

older than male athletes (29.5 years old vs. 

24.6 years old). 

MRI findings were classified as “normal/no 

findings'' in 25.3% of athletes. 464 findings were 

recorded in the remaining 349 athletes. 54% of 

athletes had 1 finding, 15.5% of athletes had 

2 findings and 4.3% had 3 findings. The most 

common MRI finding was injury to the short 

adductor muscles followed by injury to the rectus 

abdominis-adductor longus attachment, pubic 

bone edema, abnormalities at the hip joint and 

pubic degenerative changes. 

Pubic degenerative changes and “other” findings 

were more common in females. Females were 

less likely to have rectus abdominis-adductor 

longus, short adductor or hip joint injuries as well 

as less likely to have pubic bone edema.

LIMITATIONS

Readers should be aware that patients who 

are female comprised only 9.7% of the total 

study population. Female athletes were also 

significantly older than males which may have 

contributed to the higher frequency of pubic 

degenerative changes reported in the female 

athlete.

Additionally, the authors of this study tried 

to assign injury categories comparable to the 

Doha consensus statement on terminology and 

definitions in groin pain in athletes (1); however, 

direct comparison is not possible.

CLINICAL IMPLICATIONS

MRI findings were classified as “normal/

no findings'' in 25.3% of athletes who were 

investigated. This is a reminder for clinicians 

that pain may be present in the absence of MRI 

findings. 41.3% of female athletes referred for 

MRI were classified as “normal/no findings” 

compared to 20.9% of male athletes, which 

brings into question whether there are other 

factors besides those being investigated in this 

study that may be contributing to the female 

athlete’s experience of groin pain.

In male athletes the most common MRI findings 

were injury to the short adductor muscles, 

injury to the rectus abdominis-adductor 

longus attachment and pubic bone edema. 

In female athletes the most common MRI 

findings were pubic degenerative changes 

and “other” findings. Anatomical differences 

between genders have been proposed as 

underlying factors predisposing individuals to 

specific injuries. For example, in females, the 

reduced tractional force at the short adductor 

muscles origin due to pelvic positioning may 

reduce the amount of muscle tearing and 
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thus reduce the amount of insertional muscle 

tearing (2). 

20% of athletes who had MRI findings were 

classified with two or more injuries. This should 

remind the clinician that there can be multiple, 

interrelated structures that are impacted 

especially in the presentation of groin pain. 

A thorough and accurate clinical assessment 

in combination with MRI investigation is 

paramount. 

Finally, this study further highlights the 

need for high-quality research in the female 

athlete population, specifically those with 

groin pain.

https://link.springer.com/article/10.1007/s11845-022-03126-3
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By Dr Carlo Wood

Alternatives to common approaches 
for training change of direction 
performance: a scoping review

K e y  P o i n t s

1. Alternative training methods resulted in greater improvements (compared with strength 
and/or power) in change of direction performance, with smaller training durations.

2. Strength/power training showed an average improvement in pre-planned change of 
direction performance in about 8 weeks duration.

3. Change of direction technique resulted in greater improvements in pre-planned change of 
direction performance in 3-6 weeks.
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BACKGROUND AND OBJECTIVE

There is a strong focus on optimal methods for 

improving change of direction performance. 

Studies demonstrate a beneficial effect of 

resistance training, however, there are factors 

other than strength and/or power that affect 

change of direction ability. Training perception, 

decision-making and technique have shown 

benefits that exceed those reported in many 

studies involving strength or power focused 

interventions. 

The main aim of this scoping review was to 

explore the literature for factors aside from 

strength and power that influence pre-planned 

change of direction and reactive agility 

performance.

METHODS

• The systematic search utilized Scopus, 

PubMed, Web of Science and SPORT-Discus 

databases with no date limit. 

• Searches were English peer reviewed articles. 

• Only studies that investigated the effect of a 

targeted intervention on change of direction 

performance (pre-planned and reactive) in 

adult competitive athletes were included. 

• The outcome of interest was performance 

during a change of direction task. 

• Studies examining relationships between 

change of direction performance and 

measures of strength, power, kinetics and/or 

kinematics were included.

• Studies were excluded if the intervention 

was described as stability/core training, 

participants were <18 years, or recreationally 

trained. 

• 53 articles were selected.

RESULTS

Exercise variables with the strongest relationship 

between muscle strength/power and change 

of direction were:

• Broad jump

• Squat

For change of direction 
performance, many studies 
have reported benefits from 
training perception, decision-
making and technique over 
strength or power focused 
interventions.

Clinicians need to evaluate if the 
trade-off of 1.7% increased speed 
is worth making a cut with 
technique that could potentially 
lead to a knee injury.
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• Countermovement jump

• Mid-thigh pull

• Squat jump

• Deadlift

• Eccentric hamstring strength.

Strength/power training showed an average 

improvement in pre-planned change of direction 

performance by 3.4%. The average training time 

was 8.5 weeks. 

Kinetic/kinematic variables with the strongest 

relationship to change of direction speed in pre-

planned performance were:

• Greater center of mass velocity at final foot 

contact and exit from the direction change

• Angle of resultant peak force

• Mean and peak horizontal to vertical 

propulsive ground reaction force ratio at final 

foot contact

• Mean horizontal to vertical propulsive 

ground reaction force ratio at penultimate 

foot contact

• Shorter ground contact time at final foot 

contact

• Eccentric knee extensor moment

• Maximum ankle power

Studies targeting change of direction technique 

resulted in greater improvements in pre-planned 

change of direction performance (–5.1%) 

compared with the average improvement 

reported by studies employing strength and/or 

power interventions (–3.4%).

The effect of technique training (perceptual/

decision-making) with reactive agility resulted 

in a 5% improvement in pre-planned change of 

direction outcomes (6 weeks of training) and 

6% improvement in reactive agility performance 

(3 weeks of training).

LIMITATIONS

Most studies used a pre-planned change of 

direction task to evaluate responses to training. 

Future studies should investigate the influence 

of these interventions on change of direction 

using a reactive agility task as an outcome. 

A pre-planned change of direction task may 

not provide a valid indication of on-field 

performance. It is important to understand 

if improvements in performance transfer 

to different change of direction maneuvers. 

Therefore, including a transfer test following the 

intervention may determine if the intervention 

results in performance transfer.

CLINICAL IMPLICATIONS

Studies targeting change of direction technique 

resulted in faster pre-planned change of direction 

performance by 1.7% compared to studies 

employing strength and/or power interventions. 

However, a few issues come to mind. 

First, what is being sacrificed for the 1.7%? 

One of the best predictors of injury is what 

movement strategy is being utilized - a hip 

strategy or a knee strategy? One of the variables 

demonstrating a faster change of direction time 
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was knee extensor moment, which is a knee 

strategy. It increases the knee valgus moment 

and angle and is responsible for multiple types of 

injuries (1-4). 

A second issue is the concept of the envelope of 

function (5). It states there is an optimal stress on 

a tissue. Underutilization has consequences, but 

so does overutilization. Making the cut with knee 

valgus, a lateral trunk lean away from the cut, a 

pelvic drop and greater than 30 degrees of knee 

flexion from the horizontal is hazardous.  

I would be hesitant to utilize these items in 

training as a tradeoff of for 1.7% increased speed 

due to:

• Greater eccentric knee extensor moment

• Increased velocity into and out of the cut 

(this is ok if 30 degrees of knee flexion 

from the horizontal is achieved for shock 

attenuation, and the ground reaction force 

vector is travelling through the knee)

• Shorter ground contact time (the foot needs 

to be placed straight ahead and not turned 

into the direction of the cut, as this creates 

concomitant deceleration with rotation and 

is extremely hazardous)

Other items the article points out which are safer 

would include:

• External attentional focus

• Greater ankle power (but there needs to be 

adequate force production first, then speed 

training to generate power)

Having an objective scoring system to quantify 

movement strategies at maximum knee flexion 

during the cut is essential for improving safe 

performance.

https://bmcsportsscimedrehabil.biomedcentral.com/articles/10.1186/s13102-022-00544-9


Self reflection task
Why did you subscribe to the Physio Network Research 

Reviews? What need does it address for you?

How does the information in this issue relate to your 
clinical practice?

How will the information gained in this issue change 
your future practice?

Test your knowledge
Take the quiz in your library area and get a certificate of completion  

to use for CPD/CEUs.

Each month we do our best to bring you the best.
If we can do better please let us know how here!

https://www.physio-network.com/contact/

