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Objective: To evaluate effects of daily cane use for 3 months on medial tibiofemoral bone marrow lesion
(BML) volumes in people with medial tibiofemoral osteoarthritis (OA).
Design: In this randomized controlled trial (RCT), 79 participants with medial tibiofemoral OA were
randomized to either a cane group (using a cane whenever walking) or control group (not using any gait
aid) for 3 months. The cane group received a single training session by a physiotherapist, using a
biofeedback cane to teach optimal technique and body weight support and motor learning principles to
facilitate retention of learning. The primary outcome was change in total medial tibiofemoral BML vol-
ume (per unit bone volume) measured from magnetic resonance imaging (MRI) at 3 months. Secondary
outcomes were BML volumes (per unit bone volume) of the medial tibia and femur, and patient-reported
outcomes of overall knee pain, knee pain on walking, physical function, perceived global symptom
changes and health-related quality of life. MRI analyses were performed by a blinded assessor.
Results: Seventy-eight participants (99%) completed the primary outcome. Mean (standard deviation)
daily cane use was 2.3 (1.7) hours over 3 months. No evidence of between-group differences was found
for change in total medial tibiofemoral BML volume (mean difference: �0.0010 (95% confidence
intervals: �0.0022, 0.0003)). Most secondary outcomes showed minimal differences between groups.
Conclusion: Daily use of a cane during walking for 3 months aiming to reduce knee joint loading did not
change medial tibiofemoral BML volumes compared to no use of gait aids.
Clinical trial registration: Australian New Zealand Clinical Trial Registry (ACTRN12614000909628).
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Bone marrow lesions (BMLs) have gained interest as structural
targets in clinical trials of osteoarthritis (OA).1,2 They are thought to
result from excessive joint stress and have been associated with
worsening joint structural damage and symptoms.1,3e5 Higher
medial-to-lateral joint loading during walking is apparent in people
with medial tibiofemoral OA compared to controls.6 There is some
evidence that elevated joint loading can increase the risk of carti-
lage loss and bone marrow lesion (BML) development in medial
tibiofemoral compartments.7,8 Unlike cartilage, changes in BML size
are detectable over periods as short as 6e12 weeks, as evident from
a 6-week trial of patellofemoral bracing which reduced patellofe-
moral joint contact stresses and BMLs in people with
td. All rights reserved.
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patellofemoral OA.1,9 Thus, biomechanical interventions reducing
medial tibiofemoral load may facilitate BML resolution in this
compartment, thereby reducing structural decline in medial tibio-
femoral OA.

Walking canes constitute a simple biomechanical offloading
strategy for people with medial tibiofemoral OA.10 Held in the
contralateral hand, walking canes can decrease medial compart-
mental knee load during walking by up to 17%10 and may poten-
tially modify joint structure.

This study aimed to investigate whether contralateral cane use
can alter joint structure in knee OA. We hypothesized that daily
cane walking for 3 months reduces medial tibiofemoral BML vol-
umes compared to no gait aids in people with medial tibiofemoral
OA. We also investigated the effects of cane use on clinical symp-
toms and health-related quality of life.

Methods

Design overview

We conducted a parallel-group randomized controlled trial
(RCT) with 1:1 allocation into an intervention and control group, at
two sites in Australia (Melbourne, Sydney). The protocol has been
published.11 Recruitment occurred from October 2014 to December
2017, with follow-up completed March 2018. The trial was pro-
spectively registered with the Australian New Zealand Clinical Trial
Registry (ACTRN12614000909628), approved by the local Institu-
tional Human Ethics Committees. All participants provided written
informed consent.

Study participants

We recruited participants via advertisements, medical practi-
tioners, hospitals and our volunteer databases. Eligibility was
ascertained via an online and telephone survey, radiography (KLB)
and magnetic resonance imaging (MRI) (AVG).11 Inclusion criteria
were: (i) aged �50 years; (ii) knee pain on most days of the past
month; (iii) radiographic evidence of medial tibiofemoral OA
(Kellgren Lawrence (KL) grade �2 and Osteoarthritis Research So-
ciety grade �1 medial joint space narrowing and greater than lat-
eral)12e14; (iv) at least one medial tibiofemoral BML on MRI; (v)
willing to use a cane daily for 3 months if allocated to cane group;
and (vi) sufficient English language. Exclusion criteria were: (i)
imaging contra-indications; (ii) history of knee replacement or
osteotomy on either knee; (iii) knee arthroscopy or intra-articular
(corticosteroid or hyaluronan) injections in the prior 6 months;
(iv) planned hip or knee surgery in subsequent 3 months; (v) cur-
rent use of potential disease-modifying and/or anti-bone resorp-
tion drugs; (vi) current and previous (past 3 months to match
intervention duration) use of shoe inserts, knee/ankle braces or
customized shoes prescribed by a health professional and inability/
unwillingness to cease for trial; (vii) current and previous (past 3
months) cane use; and (viii) other conditions affecting lower limb
function or ability to use a cane. The most painful knee was
considered the study knee. In cases of bilaterally eligible knees, the
right knee was studied.

Randomization and blinding

Participants were randomly assigned in permuted blocks of size
6 to 10 and stratified by site (Melbourne, Sydney), KL grade (grade
2, 3 or 4) and body mass index (BMI) (�30.4 kg/m2, �30.5 kg/m2).
The randomization schedule was prepared and concealed in
consecutively numbered, sealed, opaque envelopes by an inde-
pendent researcher and stored in a central locked location. A
researcher not involved in the trial accessed the schedule. BML
volume calculations (including the primary outcome) were per-
formed assessor-blinded. The patient-reported measures of symp-
toms and health-related quality of life were not blinded as
participants were aware of group allocation. Statistical analyses
were performed by a blinded statistician.

Interventions

The cane group received a single individual training session
from a physiotherapist with >10 years of experience in musculo-
skeletal physiotherapy (CM, LM, SRR) (Appendix 1). This structured
30e45 min session aimed to teach the correct cane gait technique
to achieve optimal amount and timing of knee off-loading.10 In
addition to motor learning principles to facilitate retention of
learning effects,11 we utilized a force-feedback cane with on-off
vibration biofeedback through the handle (nCounters, Kew, Victo-
ria, Australia; Fig. 1) during the training session, with vibration
triggered when a target force window of 10% (þ/� 2.5%) of body
weight support through the cane was reached when walking. Par-
ticipants were taught to consistently achieve �10% of body weight
support. This amount was chosen as this is achievable and reduces
external medial joint loading parameters comparable to other gait
modification strategies for knee OA.15e17 The physiotherapist
monitored cane force in real-time and used a checklist of optimal
motion patterns to provide feedback (Appendix 1).11 Additionally,
the session included education about benefits and barriers to cane
use to facilitate adherence. Participants were then provided with a
generic “swan neck” cane (Fig. 1) fitted to their height18 and
instructed to use it daily whenever walking, for 3 months. The cane
group was contacted fortnightly via telephone to remind them to
complete/return logbooks and facilitate adherence to cane use by
discussing any issues including barriers.

To maximize treatment fidelity, physiotherapists were provided
with a manual and 1-day training session in how to teach the
correct gait technique and use the biofeedback system. A refresher
training session was organised for the physiotherapists halfway
through the trial.

The control group was instructed to maintain their regular
lifestyle and to not use any gait aids during the study. Both groups
were allowed to continue regular medication for knee pain (if any).

Outcomes

The primary outcome was change (baseline to 3 months) in the
total medial tibiofemoral BML volume per unit of the articular bone
volume (mm3/mm3).11,19 In our laboratory, we attained excellent
intra-rater reliability (intra-class correlation coefficient (2,1) of 0.9
(95% confidence interval (CI): 0.8e0.9)) and acceptable precision
(Standard Error of Measurement (SEM): 0.0010). Convergent val-
idity of BML volume measurements fromMRI has been established
in knee OA samples,20 with normalized BML volumes superior to
absolute volumes in reliability and potentially sensitivity to
change.19 We used 3T MRI (Magnetom Trio Tim in Melbourne,
Magnetom Verio in Sydney; Siemens Medical Solutions, Erlangen,
Germany) implementing a T2-weighted fat-suppressed turbo spin-
echo sequence and imaging parameters published previously.11,21 A
trained reader with >8 years of experience in musculoskeletal MRI
analysis (AVG) quantified changes in OA-related BML volumes with
support from a senior researcher with extensive expertise in MRI
and OA (DJH). Scans were blinded to time of scanning and group
allocation, and analysed in pairs. BMLs were segmented in custom-
written software ((C and IDL (Research Systems, Inc., Boulder, CO))
applying semi-automated methods.11,20 We excluded inter-
condylar tibial regions from segmentations as well as differential



Fig. 1. The study canes: (a) generic swan neck cane and (b) vibration feedback cane used for training in correct technique. 1: embedded uniaxial load cell; 2: vibration
feedback unit; 3: data logger.
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diagnoses falsely suggestive of OA-related BMLs.11 Subsequently,
based on the MRI Osteoarthritis Knee Score,21 knee joints were
subdivided in medial/lateral tibiofemoral and patellofemoral joint
compartments. Absolute BML volumes (mm3) were calculated for
each compartment separately and volumes of medial tibial and
femoral BMLs summed for the primary outcome. To normalize BML
volumes to bone volume units, absolute BML volumes were divided
by end-bone volumes (mm3) determined from the sameMR images
via semi-automated slice-by-slice segmentations of bone contours
using custom-written software (Matlab, The MathWorks Inc.,
Natick, MA).11 (Fig. 2) Quality assurance was performed for pairs
showing BML volume changes of �50%. This led to 33 cases
reviewed and 12 corrected.

Secondary outcomes comprised either baseline to 3 months
changes or were collected at 3 months only. These included BML
volumes of the medial tibia and medial femur separately, as per the
primary outcome; knee pain using the Western Ontario McMaster
Universities Osteoarthritis Index (WOMAC, Likert version 3.1) pain
subscale (scores ranging 0e20, higher scores indicating worse
outcomes and minimum clinically important difference (MCID) of
�18% from baseline)22; difficulty with physical functioning using
the WOMAC physical function subscale (scores ranging 0 (no
dysfunction)-68 (maximum dysfunction) and MCID of 6 non-
normalized units)23; average overall knee pain and knee pain on
walking during the past week, both recorded on separate 11-point
numeric rating scales (NRS) with terminal descriptors “0¼ no pain”
to “10 ¼ worst pain possible” and MCID of 1.8 units24; participant-
perceived global change in pain, physical function and overall
condition, measured on 7-point ordinal scales (with anchors
“1 ¼ much worse” to “7 ¼ much better”)25 at 3 months with par-
ticipants reporting they were moderately better or much better
classified as “improved”; health-related quality of life using the
Assessment of Quality of Life 6D scale (scores range �0.04 (lowest
quality) to 1.00 (highest quality) and MCID of 0.06 units).26

Additional measures included participant demographics; phys-
ical activity measured as average daily step count over 7 consecu-
tive days in weeks 1 and 12 using waist pedometers (Omron HJ-
720ITC, Omron Healthcare, Illinois, USA), and habitual physical
activity over the past week at baseline and 3months evaluatedwith
the Physical Activity Scale for the Elderly questionnaire (scores
ranging 0e400, higher scores representing greater physical activity
levels).27 Adherence was measured using logbooks for: i) daily
duration of cane use, averaged in hours for each month; ii) amount
of cane use whenever walking on an 11-point NRS (anchors “not at
all” to “always whenever walking”) measured weekly and averaged
for eachmonth; and iii) amount of cane usewhenever walking over
the entire intervention period, using an identical NRS measured at
3 months.

Following cane training, process measures recorded partici-
pants’ perceived level of difficulty, effort and unnaturalness asso-
ciated with using the biofeedback cane and usefulness of
biofeedback in learning optimal body weight support.11 Other
process measures at 3 months included the perceived level of dif-
ficulty, effort and unnaturalness of cane use as well as confidence in
correct cane use, likelihood of continuation or recommendation of
regular cane use to a friend with a similar condition, using 7
custom-designed 11-point NRSs.11 Finally, adverse events of cane
use (any problem believed by the participant to be caused by cane
use and lasting �2 days or requiring medication/treatment) were
collected in monthly logbooks. Co-interventions were recorded
monthly in logbooks and at 3 months by questionnaire.
Statistical analysis and sample size calculation

This trial was powered to detect a 0.6 effect size1,28 for change in
normalized total medial tibiofemoral BML volume (primary
outcome). Given cane use has relatively poor uptake among people
with OA often because of patient vanity,29,30 we deemed a
moderate-to-large effect size of 0.6 waswarranted to advocate cane
use.31 Assuming a correlation between baseline and follow-up
measurements of 0.34,11 with two-tailed a ¼ 0.05% and 80% po-
wer using analysis of covariance controlling for the baseline level of
the outcome, 78 participants were required. Allowing for 35% drop-
out given reported high cane abandonment rates,29 we aimed to



Fig. 2. magnetic resonance imaging (MRI) assessment of bone marrow lesion (BML) volumes. (A) Unsegmented BML (white arrow), (B) Segmented BML (red contour) and depicting
the MOAKS subregions (Tr: Trochlear, F: femoral, T:tibial). (C) Bone volume calculation, as per our previously published methods.11 Figure adapted with permission from Van Ginckel
et al.11.

A. Van Ginckel et al. / Osteoarthritis and Cartilage 27 (2019) 1324e1338 1327
recruit 120 participants (Stata 12.0, StataCorp, Texas, USA). As only
one participant dropped out, we ceased recruitment once the
minimum required sample of 78 participants was achieved and
performed a complete case analysis.

Data were analyzed by a blinded biostatistician using Stata
v15.0 (StataCorp, Texas, USA) with P < 0.05 considered signifi-
cant. Main comparative analyses between groups were per-
formed using intention-to-treat including all available data.
Mean changes from baseline in continuous outcomes were
compared between groups using linear regression models,
adjusted for the stratifying variables, and standardized mean
difference (SMD) calculated for the primary outcome. Change in
BML volume, relative to the SEM, was also categorized as
‘regressing (getting smaller)’, ‘progressing (getting larger)’, or
‘stable’ (no change, i.e., BML volume at follow-up
within ± 0.0010 of BML volume at baseline, per unit of bone
volume),32 and categories compared between groups using
multinomial logistic regression models, adjusted for stratifying
variables, with “stable” the referent, and results presented as
risk ratios (95% CI). Global change outcomes were dichotomized
as “moderately” or “much better” relative to all other categories
combined and compared between groups using logistic regres-
sion models adjusted for the stratification variables. Two par-
ticipants were incorrectly assigned to the BMI >30.5 kg/m2

stratum. These two participants were analyzed according to BMI
strata as originally assigned as a sensitivity analysis confirmed
that use of corrected BMI strata had minimal impact on results.
Sensitivity analyses were conducted to estimate doseeresponse
relationships between hypothetical levels of daily hours of
cane use and outcomes using a two-stage least squares instru-
mental variables approach (Appendix 2).33 Posthoc analyses
were also performed to investigate whether symptom laterality
(unilateral/bilateral) moderated the effect of cane use on the
primary outcome by including an interaction term between
group and subgroup variable.
Results

We enrolled 79 participants (Fig. 3). Treatment groups were
similar at baseline (Table I, Appendix 3). Participants were on
average 66.1 (SD 7.3) years, and classified as obese (average BMI
of 30.4 (SD 4.1) kg/m2). The majority were female (57%, n ¼ 45)
and had moderate (KL grade 3) radiographic OA (66%, n ¼ 52)
and bilateral knee symptoms (71%, n ¼ 56). With only one drop-
out in the control group (due to patellar bone fracture following
trauma), retention and completion of primary outcome mea-
surements was excellent (n ¼ 78, 99%). Nine participants in the
cane group (23%) reported adverse events. These were worse
pain in the contralateral non-study knee (n ¼ 2) or hip (n ¼ 1),
worse pain/swelling in study knee or lower limb (n ¼ 4),
shoulder/neck pain (n ¼ 2), back and/or referred pain (n ¼ 2), or
complaints in elbow or wrists opposite to the cane due to
additional load carrying on this side (n ¼ 1). The proportion of
participants self-reporting medication use or other non-surgical
treatments during the trial was similar across groups
(Appendix 4). Process measures collected after the initial
training session and at 3 months are presented in Appendix 5.
The mean (SD) duration of daily cane use over the 3 months
was 2.3 (1.7) hours. This slightly declined during the trial with a
mean of 2.6 (2.4) hours/day in month 1 (range 0.2e14.6 h), a
mean of 2.2 (1.7) hours/day in month 2 (range 0.0e8.8 h) and a
mean of 2.0 (1.4) hours/per day in month 3 (range 0.0e5.6 h).
Adherence with cane use instructions remained relatively stable
throughout with a mean (SD) of 6.7 (2.0) units out of 10 for the
trial duration (Appendix 6).

Table II summarizes continuous outcomes at baseline and 3
months across groups. Changes within groups and differences in
change between groups are reported in Table III. We did not find
evidence of between-group differences in the change in medial
tibiofemoral BML volume (mean difference (95% CI) per unit bone
volume: �0.0010 (�0.0022, 0.0003), P ¼ 0.14). Compared to the



Assessed for eligibility by initial 
screening (online/phone) 

(n=1989) 

Assessed for eligibility by 
radiography 

(n=231) 

Assessed for eligibility by MRI 
(n=112) 

Baseline assessment 
(n=79) 

Randomized 
(n=79) 

Cane Group 
(n=40) 

Control Group 
(n=39) 

Using a cane whenever walking, 
for 12 weeks 

Maintain usual lifestyle not using 
any gait aids, for 12 weeks 

Lost to follow-up 
(n=0) 

Lost to follow-up 
(n=1) 

Analyzed 
(n=40) 

Analyzed 
(n= 38) 

Excluded (n=1758): 
- Age<50:19 
- No knee pain on most days:133 
- Not in metropolitan Melbourne/Sydney: 203 
- Not willing to use cane: 222 
- Insufficient English knowledge:15 
- MRI contra-indications: 307 
- History knee surgery, arthroplasty, injection:150 
- Planned surgery: 47 
- Use of DMOADS: 51 
- Other biomechanical interventions: 101 
- Comorbidities:275 
- Declined participation: 234 
- Deceased: 1 

Excluded (n=119): 
- No OA:41 
- No medial TFOA:47 
- Withdrew: 31 

Excluded (n=33): 
- No BML: 3 
- No medial TF BML:18 
- Insufficient image quality: 5 
- Withdrew: 6 
- Lost to follow-upprior to baseline assessment:1 

Fig. 3. Study flow diagram. The number of participants analyzed is based on data obtained for the primary outcome. MRI: MRI; DMOADS: disease-modifying and/or anti-bone
resorption osteoarthritis drugs; (TF)OA: (tibiofemoral) osteoarthritis; BML: BML.
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proportion with stable BMLs, there was no evidence of between-
group differences in the proportion showing progression or
regression, for any of the BML outcomes (Table IV). Within and
between-group changes in absolute BML volumes are presented in
Appendix 7, showing no evidence of between-group differences.
We found no evidence of between-group differences for any sec-
ondary outcome (Table III), except for participant-perceived change
in condition (Table V). Compared to controls, the cane group had a
greater likelihood of global improvements in knee pain (risk ratio
(95% CI): 4.0 (1.2, 12.8), P ¼ 0.021) (Table V). We also did not find
between-group differences in the changes in PASE scores or step
count (Table III). Sensitivity analyses did not suggest evidence of an
association between the number of hours of cane use and outcomes
among participants who would have used the cane for a specified
number of hours (Appendix 2). There was no evidence of differ-
ences in change in medial tibiofemoral BML volume at 3 months
based on symptom laterality (Appendix 8).
Discussion

In a cohort of people with medial tibiofemoral OA reporting
moderate pain and physical dysfunction, 3 months of daily
cane use did not reduce BML volumes in the medial tibiofe-
moral compartment, when compared to not using any gait
aids. Using a cane was also not effective in improving most
secondary outcomes of clinical symptoms and health-related
quality of life.

The effect of cane use on total medial tibiofemoral BML volume
was relatively small, attaining an SMD of 0.04 (95% CI: �0.40, 0.49),
and highly variable for both normalised and absolute BML volume
changes. Except for tibial BMLs, average changes in BML volumes
did not exceed the measurement error in either group. Floor effects
may have occurred in participants with smaller lesions at baseline
thus attenuating treatment benefits. However, tibiofemoral BMLs
completely resolved in only 3% of the sample (n ¼ 2) limiting



Table I
Baseline characteristics of all participants and by treatment group. Data are presented as mean (SD) unless otherwise stated

Characteristic All participants
(n ¼ 79)

Cane Group
(n ¼ 40)

Control Group
(n ¼ 39)

Site, n (%)
Melbourne 32 (40) 17 (43) 15 (38)
Sydney 47 (60) 23 (57) 24 (62)

Age, years 66.1 (7.3) 65.0 (6.7) 67.3 (7.7)
Body mass index, kg/m2 30.4 (4.1) 30.6 (4.1) 30.3 (4.1)
Symptom duration, years 8.4 (9.0) 8.4 (11.2) 8.4 (6.2)
Bilateral symptoms, n(%) 56 (71) 27 (68) 29 (74)
Female gender, n(%) 45 (57) 27 (68) 18 (46)
Smoking history, n(%) 22 (28) 12 (30) 10 (26)
Employment status, n(%)
Employed 39 (49) 20 (50) 19 (49)
Temporarily unable to work 2 (3) 1 (2) 1 (2)
Retired 36 (45) 17 (43) 19 (49)
Home duties 2 (3) 2 (5) 0 (0)

History of knee surgery, n(%) 24 (30) 10 (25) 14 (36)
KL Grade, n(%)
2 13 (16) 7 (17) 6 (15)
3 52 (66) 26 (65) 26 (67)
4 14 (18) 7 (18) 7 (18)

OARSI medial JSN Grade, n(%)
0 0 (0) 0 (0) 0 (0)
1 34 (43) 20 (50) 14 (36)
2 36 (46) 16 (40) 20 (51)
3 9 (11) 4 (10) 5 (13)

OARSI lateral JSN Grade, n(%)
0 76 (96) 38 (95) 38 (97)
1 2 (3) 1 (3) 1 (3)
2 1 (1) 1 (3) 0 (0)
3 0 (0) 0 (0) 0 (0)

Treatment with drugs or supplements, n (%)a

Anti-inflammatory tablets or capsules 31 (39) 18 (45) 13 (33)
Cox-2 inhibitors 4 (5) 0 (0) 4 (10)
Paracetamol 41 (52) 23 (58) 18 (46)
Paracetamol and codeine combinations 8 (10) 6 (15) 2 (5)
Tramadol 1 (1) 1 (2) 0 (0)
Topical anti-inflammatory gels or creams 23 (29) 12 (30) 11 (28)
Glucosamine or chondroitin 11 (28) 4 (10) 7 (18)
Oral corticosteroids 0 (0) 0 (0) 0 (0)
Topical liniment rubs 17 (22) 8 (20) 9 (23)
Opioid oral Medication 0 (0) 0 (0) 0 (0)
Fish oil/krill oil 20 (25) 8 (20) 12 (31)

KL: KellgreneLawrence grade: grade 2 ¼ mild: definite osteophytes and possible joint space narrowing, grade 3 ¼ moderate: moderate multiple osteophytes, definite joint
space narrowing and possible bone deformity, grade 4 ¼ severe: large osteophytes, marked joint space narrowing, severe sclerosis and definite bone deformity. OARSI JSN:
Osteoarthritis Research Society International Joint Space Narrowing grade: grade 0 ¼ none, grade 1 ¼ mild, grade 2 ¼ moderate, grade 3 ¼ severe.

a Ever had this treatment for knee osteoarthritis in the past month prior to entering the study.
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potential interference from floor effects. There are several other
potential explanations for our lack of treatment effect.

First, the total amount of cane use may have been insufficient.
Average cane use approximated 2e3 h per day but with consider-
able variability (0e14.6 h). Although self-report measures of cane
use can be prone to error and bias, we showed no evidence of a
doseeresponse relationship between hypothetical daily hours of
cane use and outcomes (Appendix 2). Participants walked on
averagemore than 5,000 steps per day. Yet, it is not clear howmany
of these steps were undertaken when using the cane. Self-rated
adherence to using the cane whenever walking over the trial
showed a mean of 6.7 out of 10. Thus, adherence to cane use may
have been inadequate to impact BMLs.

A second potential explanation for our lack of cane effects on
BMLs is that the amount of offloading through the cane was
insufficient to impact joint structure. Participants were taught to
offload �10% body weight support as this is achievable for people
with knee OA and yields reductions in joint loading comparable
to that of other gait modification techniques.15e17 We imple-
mented motor learning principles and vibration biofeedback to
facilitate learning and retention of adequate joint offloading once
biofeedback has ceased.34 We have shown that a single training
session by a physiotherapist using our biofeedback system
significantly improved the magnitude and timing of body weight
support through the cane.35 However, whether adequate off-
loading was achieved throughout the trial is unknown, as we did
not measure body weight support through the cane beyond the
initial training period. Bilateral knee pain was common in our
sample which may also have hampered appropriate offloading.
Nonetheless, exploratory analyses did not find evidence of a dif-
ferential effect of cane use in those with bilateral vs unilateral
knee symptoms.

A third explanation relates to the relationship between knee
load and structure. Body weight support of �10% through the cane
corresponds to a reduction in the knee adduction moment (an in-
dicator of medial joint load) of approximately 7% or higher.10

However, we do not know the optimal amount of knee offloading
to induce changes in tibiofemoral BML volume changes. Debate
exists as to whether abnormal knee loading during walking causes
structural disease progression in knee OA.36 Lack of any such causal
relationship may indirectly explain our inability to detect signifi-
cant BML volume change in this study in spite of reduced knee



Table II
Continuous outcomes at baseline and 3 months, by treatment group. Data are presented as mean (SD)

Outcome Baseline 3 months

Cane Group
(n ¼ 40)

Control Group
(n ¼ 39)

Cane Group
(n ¼ 40)

Control Group
(n ¼ 38)*

Primary
Medial tibiofemoral bone marrow lesion volume
(per unit bone volume, mm3/mm3)

0.0042 (0.0050) 0.0061 (0.0116) 0.0034 (0.0037) 0.0055 (0.0085)

Secondary
Medial femoral bone marrow lesion volume
(per unit bone volume, mm3/mm3)

0.0017 (0.0025) 0.0029 (0.0047) 0.0014 (0.0018) 0.0026 (0.0046)

Medial tibial bone marrow lesion volume
(per unit bone volume, mm3/mm3)

0.0094 (0.0143) 0.0107 (0.0242) 0.0076 (0.0119) 0.0109 (0.0201)

Knee pain (WOMAC)y 7.8 (3.0) 7.7 (3.4) 6.3 (3.4) 5.8 (2.8)
Physical function (WOMAC)z 24.6 (9.7) 25.3 (12.3) 19.5 (10.0) 20.5 (7.1)
Average overall knee pain (NRS)x 4.8 (2.0) 4.4 (2.3) 4.1 (2.2) 3.6 (2.2)
Average knee pain with walking (NRS)x 5.5 (2.0) 4.9 (2.3) 4.4 (2.3) 4.3 (2.1)
Average knee pain with walking in non-study
knee (NRS)x

3.2 (2.4) 2.1 (2.2) 2.3 (2.0) 2.1 (2.4)

Quality of life (AQoL-6D)k 0.8 (0.1) 0.8 (0.1) 0.8 (0.1) 0.8 (0.2)
Additional
Physical activity (PASE)¶ 161.5 (70.1) 146.1 (90.0) 175.5 (99.1) 158.4 (73.8)
Average daily step count# 5,079 (2278) 5,856 (3066.0) 5,409 (2773.0) 5,549 (2972.0)

WOMAC: Western Ontarior Mc Masters Universities Osteoarthritis Index physical function subscale; NRS: numeric rating scale; AQoL-6D: Assessment of Quality of Life 6D
scale; PASE: Physical Activity Scale for the Elderly; CCMS: Cane Use Cognitive Mediators Scale.

* One participant in the control group dropped out and had all outcomes missing at 3 months.
y Scores range 0e20; with higher scores indicating worse knee pain.
z Score range 0e68; with higher scores indicating worse physical function.
x Score range 0e10; with higher scores indicating worse knee pain.
k Scores range �0.04 to 1.00; with higher scores indicating better health-related quality of life.
¶ Scores range 0e400; with higher scores indicating better physical activity levels.
# daily step count averaged over 7 subsequent days, measured at week 1 and week 12.
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loading. Finally, the 3 month duration of the intervention may have
been too short to detect structural changes from cane use.

There is limited research investigating the structural effect of
biomechanical interventions designed to reduce knee load. Our
findings agree with our previous clinical trial investigating 12-
months use of lateral-wedged shoe insoles.37 This trial, in a
similar population, also showed no treatment effects on tibiofe-
moral BML severity assessed using a semi-quantitative grading
Table III
Mean change (SD) within groups and adjusted mean difference (95% confidence interval (
variables of site, Kellgren Lawrence (KL) grade and body mass index (BMI) strata

Outcome Baseline e 3 month cha

Cane Group
(n ¼ 40)

Primary
Medial tibiofemoral bone marrow lesion volume
(per unit bone volume, mm3/mm3)y

0.0009 (0.0035)

Secondary
Medial femoral bone marrow lesion volume
(per unit bone volume, mm3/mm3)y

0.0002 (0.0023)

Medial tibial bone marrow lesion volume
(per unit bone volume, mm3/mm3)y

0.0018 (0.0088)

Knee pain (WOMAC)y 1.4 (3.9)
Physical function (WOMAC)y 5.1 (11.3)
Average overall knee pain (NRS)y 0.7 (2.6)
Average knee pain with walking (NRS)y 1.1 (2.8)
Average knee pain with walking in non-study
knee (NRS)y

0.9 (1.7)

Quality of life (AQoL-6D)z �0.0 (0.1)
Additional
Physical activity (PASE)z �14.1 (84.5)
Average daily step countz �330 (2010)

KL grade: KellgreneLawrence grade; WOMAC: Western Ontarior Mc Masters Universitie
6D: Assessment of Quality of Life 6D scale; PASE: Physical Activity Scale for the Elderly;

* One participant in the control group dropped out and had all outcomes missing at 3
y For changes within groups, a positive value indicates improvement (i.e., smaller valu
z For changes within groups, a negative value indicates improvement (i.e., greater val
system, and on medial tibial cartilage volume (SMD (95% CI): 0.0
(�0.28, 0.28)).37 In contrast, patellofemoral bracing in people with
patellofemoral OA1 resulted in significant reductions in patellofe-
moral BML volumes in the brace compared to non-brace group,
after 6 weeks of use (SMD (95% CI): 0.4 (0.03,0.8)). Differences in
results may reflect differences in OA sites and the dose of biome-
chanical effect (e.g., duration, frequency and amount of biome-
chanical change).
CI)) in change between groups, for continuous outcomes, adjusted for the stratifying

nge Difference in change between groups

Control Group*
(n ¼ 38)

Mean Difference
(95% CI)

P-value

0.0007 (0.0052) �0.0010 (�0.0022, 0.0003) 0.14

0.0004 (0.0025) �0.0002 (�0.0012, 0.0008) 0.68

0.0001 (0.0119) �0.0025 (�0.0061, 0.0011) 0.17

1.8 (3.2) 0.6 (�0.7, 1.9) 0.38
4.3 (9.5) �0.7 (�4.1, 2.7) 0.70
0.8 (2.2) 0.4 (�0.5, 1.3) 0.40
0.6 (2.2) 0.0 (�1.0, 0.9) 0.94
0.0 (1.5) �0.5 (�1.2, 0.2) 0.13

�0.0 (0.1) 0.0 (0.0, 0.0) 0.39

�11.0 (63.0) 7.4 (�24.2, 39.0) 0.65
362 (1567) 550 (�239, 1339) 0.17

s Osteoarthritis Index physical function subscale; NRS: numeric rating scale; AQoL-
CCMS: Cane Use Cognitive Mediators Scale.
months.
es at follow-up). For between-group comparisons negative values favour canes.
ues at follow-up). For between-group comparisons positive values favour canes.



Table IV
Proportion (n,%) of participants (N) with changes in bone marrow lesion (BML) volumes from baseline measured at 3 months, with risk ratios (95% CI) comparing categories of
BML volume change from “stable” between groups

Cane Group (n ¼ 40), n/N (%) Control Group (n ¼ 38), n/N (%)* Risk Ratio (95% CI) P-value

Medial tibiofemoral bone marrow lesion volume
Progressing 7/40 (17.5) 12/38 (31.6) 0.4 (0.1, 1.4) 0.17
Stable 19/40 (47.5) 17/38 (44.7) 1 (Ref)
Regressing 14/40 (35.0) 9/38 (23.7) 1.5 (0.5, 4.4) 0.46

Medial tibial bone marrow lesion volume
Progressing 7/40 (17.5) 12/38 (31.6) 0.9 (0.1, 1.3) 0.12
Stable 21/40 (52.5) 17/38 (44.7) 1 (Ref)
Regressing 12/40 (30.0) 9/38 (23.7) 1.1 (0.4, 3.5) 0.82

Medial femoral bone marrow lesion volume
Progressing 4/40 (10.0) 3/38 (7.9) 1.7 (0.3, 9.0) 0.51
Stable 27/40 (67.5) 30/38 (78.9) 1 (Ref)
Regressing 9/40 (22.5) 5/38 (13.2) 2.1 (0.6, 7.2) 0.24

Risk Ratio>1 indicates greater risks for bone marrow lesion volumes progressing or regressing, as opposed to stable, in the cane group when compared to the control group.
* One participant in the control group dropped out and had all outcomes missing at 3 months.
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Although we did not power the study for secondary outcomes,
our results provide little evidence of pain-relieving benefits of
cane use over 3 months, as most pain measures showed no dif-
ference between groups. While the cane group was more likely to
perceive clinical improvements, the CIs around the differences
were wide. These results are contrary to those of the only other
RCT of cane use in 64 people with knee OA conducted by Jones
and colleagues in Brazil38 that reported significant improvements
in pain and exceeding the minimal clinically important difference
in physical function.24 Explanations for the contrasting results are
not entirely clear given similarities in clinical characteristics and
pain outcomes in the two studies as well as a slightly greater daily
cane usage, more intensive cane training, longer intervention
duration and more participants in our trial. However, given the
studies were set in culturally distinct countries, differences may
have existed in patient perceptions and social acceptance towards
walking canes. Nonetheless, cane use did not improve quality of
life in either study.

The lack of symptom relief in our study may be partly due to a
concomitant lack of reduction in BML volumes, given that larger
BMLs have been associated with greater pain severity39,40 and/or
the reported weak and inconsistent associations between knee
loading and pain severity.41 Yet, pain perception is a multi-faceted
concept and it is somewhat surprising that clinical benefits with
cane use were not seen given the well-documented placebo effects
in OA42 and with participants unblinded to the intervention and
completing self-reported symptom measures. However, while
placebo effects with cane use have not been specifically quantified,
they are likely much smaller compared to other OA drug and/or
surgical treatments. Participants may have been uncertain about
the benefits of canes as there is some degree of stigma and
embarrassment attached to cane use.43 Our process measures
(Appendix 5) also showed that participants were somewhat
ambivalent about continuing to use the cane after the trial. Indeed,
surveys have shown relatively limited uptake of canes by people
Table V
Proportion (n,%) of participants (N) reporting global improvements (“moderately better”
(95% CI) adjusted for the stratifying variables of site, KL grade and BMI strata

Outcome Cane Group (n ¼ 40), n/N (%)

Global improvement in knee pain 13/40 (32.5)
Global improvement in function 10/40 (25.0)
Global improvement overall 12/40 (30.0)

KL Grade: KellgreneLawrence grade.
Risk Ratio>1 indicates greater risk of improvement in the cane group relative to the con
)One participant in the control group dropped out and had all outcomes missing at 3 m
with knee OA29,44 and recruitment for our study progressed slowly,
especially when compared to our other RCTs of non-drug and/or
biomechanical interventions for knee OA.45,46 Finally, approxi-
mately 1 in 5 cane users reported an adverse event whichmay have
tempered symptom improvement or indirectly influenced adher-
ence and/or the amount of force applied to the cane during the trial.

This study has several strengths. It is the first to investigate
changes in quantitative tibiofemoral BML volumes following an
offloading intervention targeting the medial tibiofemoral
compartment for knee OA. We confined the study to participants
with at least one BML at baseline to allow scope for change in our
primary outcome, and to those with involvement of the medial
tibiofemoral compartment to provide a more homogenous sample.
We used a quantitative method of assessing BML volume that is
considered more sensitive to change than semi-quantitative as-
sessments, particularly in treatments of shorter duration and
compared to outcomes of cartilage change.1,9,19,47 Limitations were
that morbidly obese people, who could otherwise benefit from a
cane, were excluded due to difficulties associated with MRI coil
size. Selection bias as such may have attenuated treatment effects.
We did not include objective measurements of the amount of body
weight support through the cane and of cane use or the percentage
of time spent walking when using a cane nor performed 3-
dimensional biomechanical measures to assess whether parame-
ters of medial tibiofemoral load were reduced with cane use. We
did not include joint alignment measurements, an important pre-
dictor of medial knee joint loading, and thus were unable to study
potential moderation of alignment on treatment effects. This RCT
was not powered to detect differences in symptoms and we did not
measure other clinically-relevant outcomes, such as postural
instability or fall risk, that are prevalent in people with knee OA and
may benefit from cane use.48 Last, as our software quantified vol-
umes of newly formed BMLs together with those of existing BMLs,
we cannot determine whether cane use differentially affected
these.
and “much better”) since the start of the trial measured at 3 months with risk ratios

Control Group (n ¼ 38), n/N (%) Risk Ratio (95% CI) P-value

3/38 (7.9) 4.0 (1.2, 12.8) 0.021
5/38 (13.2) 1.9 (0.7, 4.8) 0.20
4/38 (10.5) 2.7 (1.0, 7.6) 0.059

trol group.
onths.
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In people with medial tibiofemoral OA, we showed no evidence
of an effect of cane use for approximately 2e3 h per day over 3
months on medial tibiofemoral BML volume changes, compared to
not using any gait aids.
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Appendix 1. Cane training session: (a) components and
progression and (b) checklist of technique mastery

(a) Components of the training session and criteria for
progression

The training session incorporates motor learning principles of
autonomy supportive instructions enhancing the participants'
ability to walk correctly and independently with a cane; social
comparative feedback; principles of summary, delayed, reduced,
positive, or program/parameter feedback; and external feedback.
The trainer always demonstrates techniques first and builds in rest
as required to avoid worsening of knee pain. The duration of sec-
tions is estimated and depends on participants’ mastery of
skills.(Table b) The total duration is approximately 30e45 min.
Demonstration of the basic cane gait technique is in the Video. The
detailed qualitative checklist of technique features (cane timing,
placement) and movement patterns (trunk, upper limb girdle, hip,
and knee) is shown in Table b.
Key Instructions for Trainers

Duration: 2e3 min
Observe natural walking pattern to support training feedback. Focus on step
width/length and trunk lean, as these should not be considerably affected by
cane use.
Duration: 5 min
Observe features needing correction in training.
Set cane height and no-vibration feedback.
Allow 5 min of practice. Observe technique errors. Focus on use in correct hand,
cane placement, and timing and collect cane loading data in the final minute.
Duration: 5 min
Participants watch a slide show in which benefits of cane use will be explained
using visuals.
Duration: 10e15 min
Prompts for instruction: correct hand, cane placement and timing, and trunk
position (Video).
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(continued )

Component Goal Key Instructions for Trainers

Feedback: verbal, tactile, or visual (mirror).
� Give feedback after bouts of 3 trials initially and reduce frequency of feedback

as appropriate.
� Avoid concurrent feedback.
� Stress positive achievements and confirm that performance is as good as or

better than that of peers, when appropriate.
� Give feedback on basic motion patterns first (i.e., timing and cane placement;

step width/length and duration stance phase; natural trunk lean). Then,
provide parameter feedback (i.e., usual hip extension and knee flexion/
extension, natural upper limb girdle motion) (Table b).

Criteria for progression: correct technique performance without additional
feedback for 3 min. Ensure that basic features are adequately performed.

5. Off-loading technique Teach participants how to use the cane
for off-loading purposes without
vibration feedback.

Duration: 5 min
Prompts for instruction: timing, cane placement at angle to facilitate off-loading.
Feedback: verbal, tactile, or visual (mirror).
� Additional feedback on upper body motion/positioning.
Criteria for progression: see component 4.

6. Optimal body weight support Teach participants the optimal amount
of body weight support using vibration
feedback. A biofeedback cane system
that implements vibration feedback for
the participants and visual feedback on-
screen for the trainer will be used. On-
screen, the lower limit of body weight
support will be set as a target line, and a
moving trace will monitor real-time
cane loading.

Duration: 5 min
Allow participants to experience the pressure needed on the cane: by putting
pressure on cane, moving target should be kept above the target line on the
computer screen.
Implementation of vibration feedback into walking: once the cane hits the floor,
body weight should be put on the cane until vibration is felt.
Instruction on the duration of body weight support: vibration should be felt
during the entire stance phase.
Feedback: add vibration feedback.
� Threshold settings of vibration feedback: lower limit 7.5% body weight and

aim to achieve �10% body weight and that is comfortable.
� Use visual feedback from the screen for additional (delayed) feedback.
Criteria for progression: see component 4.

7. Stairs, outdoor walking Improve learning effects by transfer to
daily life conditions.

Duration: 5e10 min (as permitted)
Increase confidence and facilitate walking with a cane as often as possible.
Walking up/down stairs.
� Prompts for instruction: trunk position, usual upper limb girdle motion, and

knee/hip flexion and extension.
� Progression from “step-to” to “step-through” gait.
� No focus on body weight support, predominantly ensuring safe cane use.
Criteria for progression: correct performance during at least half a flight of stairs.
Walking outdoors.
� Include footpath, grass, stepping off curb.
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(b) Checklist for technique mastery and optimal motion patterns
during the two point-cane gait pattern
Required Skills/Movement Patterns Instructions

Usual knee flexion/extension Participants will be p
phase.

Maintain hip extension terminal stance Care will be taken to a
stance.

Natural trunk lean An increase in trunk
study knee will be di

Usual step width Participants will be o
wide step gait or tand

Appropriate timing of cane placement Placement of the cane
desired.

Appropriate width of cane placement Placement of the can
affected foot.

Appropriate stance phase of study limb Participants will be en
using the cane.

Unaltered upper limb girdle motion Motion of the upper l
be discouraged.

Neutral wrist position A neutral wrist positi
Appendix 2. The effect of hypothetical levels of adherence to
cane use on outcomes.

Analysis description
The effect of daily hours of cane use on outcomes was estimated

using a two-stage least squares instrumental variables approach to
rompted to avoid keeping their knee in a sustained position throughout the stance

void shortened stride lengths with cane use to maintain hip extension at terminal

lateral flexion toward either the ipsilateral or the contralateral side relative to the
scouraged.
bserved to ensure that step width does not vary significantly, with any obvious
em gait being discouraged.
on the ground simultaneously with or just prior to contact with the study limb is

e on the ground should be at least 1 shoulder width apart and in line with the

couraged to not prolong the stance phase of the study limb while simultaneously

imb girdle, including excessively increased scapular elevation or protraction, will

on, i.e., midway between flexion and extension, will be achieved
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estimate a doseeresponse relationship.1 This involved fitting two
models jointly: a linear regression model for difference in change
(baseline minus follow-up) for each outcome adjusted for the
baseline score, stratifying variables and number of hours of daily
Outcome Difference in change between groups

Mean Difference (95% CI) P-value

Primary
Medial tibiofemoral bone marrow lesion volume per unit bone volume (mm3/mm3) 0.0004 (�0.0001, 0.0009) 0.11

Secondary
Medial femoral bone marrow lesion volume per unit bone volume per unit bone volume (mm3/mm3) 0.0001 (�0.0003, 0.0004) 0.61
Medial tibial bone marrow lesion volume per unit bone volume (mm3/mm3) 0.0011 (�0.0004, 0.0026) 0.14
Knee pain (WOMAC)* �0.3 (�0.8, 0.3) 0.36
Physical function (WOMAC)y 0.3 (�1.2, 1.7) 0.69
Average overall knee pain (NRS)z �0.2 (�0.6, 0.2) 0.39
Average knee pain with walking (NRS)z 0.0 (�0.4, 0.4) 0.93
Average knee pain with walking in non-study knee (NRS)z 0.2 (�0.1, 0.6) 0.15
Quality of life (AQoL-6D)x �0.0 (�0.0, 0.0) 0.37

Additional
Physical activity (PASE)k �3.9 (�15.7, 9.1) 0.60
Average daily step count¶ �242.2 (�572.0, 87.6) 0.15

KL grade: KellgreneLawrence grade; BMI: body mass index; WOMAC: Western Ontarior Mc Masters Universities Osteoarthritis Index physical function subscale; NRS:
numeric rating scale; AQoL-6D: Assessment of Quality of Life 6D scale; PASE: Physical Activity Scale for the Elderly; CCMS: Cane Use Cognitive Mediators Scale.
*One participant in the control group dropped out and had all outcomes missing at 3 months.

* scores range 0e20; with higher scores indicating worse knee pain.
y score range 0e68; with higher scores indicating worse physical function.
z score range 0e10; with higher scores indicating worse knee pain.
x scores range �0.04 to 1.00; with higher scores indicating better health-related quality of life.
k scores range 0e400; with higher scores indicating better physical activity levels.
¶ daily step count averaged over 7 subsequent days, measured at week 1 and week 12.
cane use (averaged over the 3 months), and a linear regression
model for daily hours of cane use adjusted for randomised group,
baseline score and stratifying variables. Participants assigned to the
control group were assumed to have 0 h of daily cane use (the
monotonicity assumption).

Adjustedmean (95% CI) difference in change between groups for
continuous outcome measures for a 1 h increase in the average
All participants,

Previous non-drug conservative treatments*

Information/education 20 (25)
Getting counselling over the phone 0 (0)
Losing weight 56 (71)
Aerobic exercise class 34 (43)
Range of motion exercises 57 (72)
Muscle strengthening 55 (70)
Walking aids 10 (13)
Taping 21 (27)
Customized shoes with shock absorbing properties 22 (41)
Orthotics 33 (42)
Occupational therapy 2 (3)
Activity of daily living assistive device 7 (9)
Low level laser therapy 2 (3)
Any herbal therapies 18 (23)
Megavitamin therapy 7 (9)
Transcutaneous electrical nerve stimulation 8 (10)
Viscosupplementation 5 (6)
Hydrotherapy 20 (23)
Heat or cold 25 (32)
Massage therapy 21 (27)
Acupuncture 15 (19)

Magnet therapy 5 (6)
hours of cane use (averaged across all 3 months), adjusting for
baseline value of outcome and for the stratifying variables of site,
KL grade and BMI strata.
Appendix 3. Previous treatments and comorbidity history for
all participants, and by treatment groups. Data are presented
as n(%).
n ¼ 79 Cane Group, n ¼ 40 Control Group, n ¼ 39

11 (28) 9 (23)
0 (0) 0 (0)
31 (78) 25 (64)
22 (55) 12 (31)
29 (73) 28 (72)
28 (70) 27 (69)
3 (8) 7 (18)
11 (28) 10 (26)
18 (45) 14 (36)
18 (45) 15 (39)
1 (3) 1 (3)
3 (8) 4 (10)
1 (3) 1 (3)
8 (20) 10 (26)
3 (8) 4 (10)
3 (8) 5 (13)
1 (3) 4 (10)
13 (33) 7 (18)
13 (33) 12 (31)
8 (20) 13 (23)
4 (10) 11 (28)
4 (10) 1 (3)



(continued )

All participants, n ¼ 79 Cane Group, n ¼ 40 Control Group, n ¼ 39

History of comorbiditiesy
Stroke 0 (0) 0 (0) 0 (0)
Lung disease 4 (5) 0 (0) 4 (10)
Stomach disease 11 (14) 4 (10) 7 (18)
Kidney disease 4 (5) 3 (8) 1 (3)
Liver disease 5 (6) 3 (8) 2 (5)
Anaemia or other blood disorder 12 (15) 9 (13) 3 (8)
Osteoporosis or osteopenia 7 (9) 5 (13) 2 (5)
Cancer 9 (11) 7 (18) 2 (5)
Depression 11 (14) 7 (18) 4 (10)
Epilepsy 1 (1) 0 (0) 1 (3)
Memory problems 3 (4) 2 (5) 1 (3)
Hypertension 34 (43) 14 (35) 20 (51)
Heart disease 3 (4) 2 (5) 1 (3)
Diabetes 13 (17) 4 (10) 9 (23)

* Ever tried this treatment for knee osteoarthritis, currently using or stopped using.
y Currently or previously had this comorbidity.
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Appendix 4. Use of adjuvant medication or other treatments
during the trial measured at the 3 month follow-up, for all
participants and by treatment group. Data are presented as n
(%).
All Participants, n ¼ 79 Cane Group, n ¼ 40 Control Group, n ¼ 38*

Drugs or supplements 50 (63) 26 (65) 24 (63)
Anti-inflammatory tablets or capsules 34 (43) 19 (48) 15 (40)
Cox-2 inhibitors 50 (63) 26 (65) 25 (66)
Paracetamol 34 (43) 19 (48) 15 (40)
Paracetamol and codeine combinations 6 (8) 3 (8) 3 (8)
Tramadol 0 (0) 0 (0) 0 (0)
Topical anti-inflammatory gels or creams 17 (22) 9 (23) 8 (21)
Glucosamine or chondroitin 11 (14) 3 (8) 8 (21)
Oral corticosteroids 1 (1) 0 (0) 1 (3)
Topical liniment rubs 10 (13) 5 (13) 5 (13)
Opioid oral medication 0 (0) 0 (0) 0 (0)
Fish oil/krill oil 11 (14) 5 (13) 6 (16)

Other treatments 8 (10) 4 (10) 4 (11)
Physiotherapy 3 (4) 1 (3) 2 (5)
Exercises 7 (9) 3 (8) 4 (11)
Injections 0 (0) 0 (0) 0 (0)
Surgery 0 (0) 0 (0) 0 (0)
Hydrotherapy 3 (4) 1 (3) 2 (5)
Acupuncture 1 (1) 1 (3) 0 (0)
Walking Stick 0 (0) na 0 (0)

na: not applicable.
* 1 participant dropped out and did not provide data at 3 months.
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Appendix 5. Cane process measures following the initial cane
training session, measured at week 0, and at 3 months. Data
are presented as mean (SD)
Process measures n ¼ 40

After initial training
Level of difficulty associated with using the biofeedback cane (NRS, 0e10)* 4.1 (2.3)
Level of effort required to adjust walking to feedback from the biofeedback cane (NRS, 0e10)y 4.1 (2.3)
Level of unnaturalness using the biofeedback cane (NRS, 0e10)z 5.4 (2.2)
Level of usefulness of vibration feedback in learning about the level of pressure (NRS, 0e10)x 8.4 (1.6)
At 3 months
Level of difficulty associated with cane use (NRS, 0e10)* 3.7 (3.0)
Level of effort associated with cane use (NRS, 0e10)y 3.4 (2.3)
Level of unnaturalness associated with cane use (NRS, 0e10)z 4.8 (2.9)
Level of confidence in walking correctly unsupervised with the cane (NRS, 0e10)k 8.6 (1.7)
Level of confidence in using the cane in daily life (NRS, 0e10)k 8.2 (2.0)
Likelihood to continue cane use in daily life (NRS, 0e10)¶ 6.0 (3.1)
Likelihood to recommend a cane to a friend with a similar condition (NRS, 0e10)¶ 7.0 (2.8)

* with anchors “0 ¼ not at all difficult” and “10 ¼ extremely difficult”.
y with anchors “0 ¼ no effort” and “10 ¼ maximum effort”.
z with anchors “0 ¼ completely natural” and “10 ¼ completely unnatural”.
x with anchors “0 ¼ not at all useful” and “10 ¼ extremely useful”.
k with anchors “0 ¼ not at all confident” and “10 ¼ extremely confident”.
¶ with anchors “0 ¼ not at all likely” and “10 ¼ extremely likely”.
Appendix 6. Adherence to the cane use instructions for
participants in the cane group, by month. Data are presented
as mean (SD).
Adherence measures n ¼ 40

Average amount of cane use whenever walking (NRS, 0e10)*

Month 1 6.7 (1.8)
Month 2 6.8 (1.9)
Month 3 6.8 (2.0)

Average amount of cane use whenever walking over the 3-month trial (NRS, 0e10)y 6.7 (2.0)
Duration of daily cane use (hours)z
Month 1 2.6 (2.4)
Month 2 2.2 (1.7)
Month 3 2.0 (1.4)

* Level of compliance in using the cane whenever walking in the past week, with anchors “0¼ not at all” and “10¼ always when
walking”. Measured weekly, averaged for each month; the higher the score the greater the adherence.

y Level of compliance in using the canewhenever walking over the past 3months, with anchors “0¼ not at all” and “10¼ always
when walking”. Measured at the 3-month follow-up; the higher the score the greater the adherence.

z Measured daily via a log book (in hours and minutes), averaged as hours for each month.
Appendix 7. Within and between-group differences in
absolute BML volumes.
Table I
Mean values (SD) of absolute bone marrow lesion volumes at baseline and week 13, by

Baseline

Cane Group(n ¼ 40)

Medial tibiofemoral bone marrow lesion volume (mm3) 440.3 (564.8)
Medial femoral bone marrow lesion volume (mm3) 105.0 (161.2)
Medial tibial bone marrow lesion volume (mm3) 335.3 (504.0)

* One participant in the control group dropped out and had all outcomes missing at 1
treatment group.

Week 13

Control Group (n ¼ 39) Cane Group (n ¼ 40) Control Group (n ¼ 38)*

582.7 (1021.8) 357.8 (379.9) 564.1 (767.5)
179.6 (279.7) 98.6 (142.1) 157.3 (265.7)
403.0 (868.7) 259.1 (340.8) 406.8 (645.9)

3 weeks.



Table II
Mean change (SD) within groups and adjusted mean difference (95% CI) in change between groups, for absolute BML measures, adjusted for the stratifying variables of site, KL
grade and BMI strata.

Change within groups* Difference in change between groups P-value

Cane Group Control

Medial tibiofemoral bone marrow lesion volume (mm3) 82.5 (345.3) 33.6 (467.2) �114.6 (�233.2, 4.0) 0.058
Medial femoral bone marrow lesion volume (mm3) 6.4 (164.5) 27.1 (178.7) �8.4 (�78.2, 61.5) 0.81
Medial tibial bone marrow lesion volume (mm3) 76.2 (330.6) 6.6 (438.6) �110.8 (�224.3, 2.6) 0.056

* positive change indicates an improvement compared to baseline.
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Appendix 8. Posthoc moderator analyses of laterality of
symptoms for treatment effects of cane use on total medial
tibiofemoral BML volumes.
Table I
Mean change (SD) within groups and adjusted mean difference (95% CI) in change between groups by laterality of symptoms for the primary outcome, adjusted for the
stratifying variables of site, KL grade and BMI strata.

Outcome Symptom
Laterality

Change within
cane group

Change within
control group

Mean Difference (95% CI) P-value Interaction
P-value

Medial tibiofemoral bone marrow
lesion volume per
unit bone volume (mm3/mm3)

Unilateral 0.0003 (0.0026) 0.0018 (0.0060) 0.0010 (�0.0015, 0.0035) 0.45 0.98

Bilateral 0.0011 (0.0039) 0.0003 (0.0050) 0.0010 (�0.0006, 0.0025) 0.21
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