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Associated Joint Pain With
Controlled Ankle Movement
Walker Boot Wear

Abstract

Background: Controlled ankle movement (CAM) walker boots

may cause gait alterations and leg-length discrepancy. This study

evaluates secondary site pain relating to immobilization in a CAM

walker boot.
Methods: Patients wearing a CAM walker boot were

prospectively enrolled and evaluated for new or worsened

secondary site pain. Surveys at four time points were

completed to evaluate secondary site pain severity and its

effect on function.
Results: The study included 46 patients (mean age, 49 years). At

transition out of the boot (mean, 4.2 weeks), 31 patients (67%)

reported pain which was new or worse than at baseline. The sites

most susceptible to pain were lower back, contralateral hip, and

ipsilateral knee.Most pains (84%) beganwithin the first 2weeks of

boot wear. Secondary site pain was less common after transition

out of theboot: 18patients (39%)at 1monthand15patients (33%)

at 3 months.
Conclusion: Secondary site pain after CAM walker boot wear is

common. The frequency and severity of pain lessened after

transition out of the boot. Yet, one-third of patients still had newor

worsened secondary site pain 3 months after cessation of boot

wear.

Foot and ankle injuries often
require management with a con-

trolled anklemovement (CAM)walker
boot.1-6 CAM walker boots restrict
ankle and foot motion and provide a
stable platform to distribute forces
when weight bearing. Most CAM
walker boots are designed to tighten
around the extremity and allow the
patient to rollover the foot when
walking because of the rocker bottom
shape of the sole. Thus, CAM walker
boots shelter the ankle and foot and

can permit a return to ambulation
with continued protection of the
injured extremity.
Although CAM walker boots are

commonly used in the rehabilitation
of orthopaedic patients, their use is
not entirely benign. Studies have
shown altered gait biomechanics
created by restricting ankle and foot
function. Goodworth et al7 reported
increased body motion in patients
who undergo range of motion and
balance testing when wearing the
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rocker bottom design. Furthermore,
the use of a unilateral walking boot
creates a simulated leg-length dis-
crepancy, a condition linked to joint
pain.7-13

To date, little has been published
evaluating the association of CAM
walker boot wear with pain occur-
ring at a site other than that requiring
boot treatment, the so-called sec-
ondary site pain. Anecdotally, we
have observed many patients report-
ing secondary site lower back or
lower extremity pain when wearing a
CAM walker boot. This study eval-
uates the location, frequency, and
duration of secondary site musculo-
skeletal pain related to immobiliza-
tion in a CAM walker boot.

Methods

Patient Population
Before study initiation, approval was
obtained from the Institutional Re-
view Board. One hundred consecu-
tive patients who were placed into a
CAM walker boot for management
of a foot or ankle injury or disorder
were prospectively enrolled in this
study. At the time of initiation of boot
wear, patients were placed by an
orthopaedic cast technician into
either a tall Aircast AirSelect Elite or
short Aircast AirSelect CAM walker
boot, based on the diagnosis and
appropriate boot type needed for
the treatment. Inclusion criteria
included minimum age of 18 years,
anticipated boot wear for at least

2 weeks, and weight bearing as tol-
erated restrictions. Exclusion criteria
included transitioning into a CAM
walker boot as part of a postoperative
protocol, injury requiring restricted
weight bearing, or an additional acute
injury to the lower back or lower
extremity. Those who subsequently
reported wearing the boot for less
than 2 weeks were excluded. Addi-
tionally, patients who had a treatment
plan change, such as proceeding with
lower extremity surgery during the
study period, were removed from the
study.
Demographic information was

gathered, including age, sex, race or
ethnicity, body mass index (BMI),
history of lower extremity or lower
back injury, history of chronic pain
(eg, fibromyalgia, chronic opiate use,
chronic regional pain syndrome), and
history of cigarette smoking. The
diagnosis was recorded for which the
CAM walker boot was required.

Outcome Measures
The primary outcome was secondary
site pain, either at lower extremity
or lower back, which developed or
worsened during CAM walker boot
wear. Study participants completed a
series of surveys that characterized
their lower extremity and lower back
pain. Surveys were completed at four
time points: initiation of boot wear,
transitionoutof theboot, 1monthafter
stoppingbootwear, and3months after
stopping boot wear. Patients were
asked to document the specific date
when the secondary site pain began.
Surveys inquired about the presence

of secondary site pain, defined as
lower back, ipsilateral hip, contra-
lateral hip, ipsilateral knee, contra-
lateral knee, contralateral ankle, and
contralateral foot. Severity of pain
was assessed using a 100-point visual
analog scale (VAS), with zero indi-
cating no pain and 100 representing
the worst pain imaginable.14 The
effect of the secondary site pain on
overall function was reported as
causing no limitation, some limita-
tion, quite a lot of limitation, and
complete limitation. Patient-reported
duration and frequency of boot wear
were also recorded.

Statistical Analysis
Patient responses were collected
either in a paper form or with use of
the Research Electronic Data Cap-
ture (REDCap) tool (Vanderbilt
University) hosted at our institu-
tion.15 Statistical analyses were per-
formed using Microsoft Excel
(Microsoft Corporation). We used
bivariate analysis to assess the rela-
tive risk of secondary site pain
associated with several covariates.
Covariates included sex, age, race,
BMI, injury type, history of lower
extremity/back injury, chronic pain,
type of CAM walker boot
(tall/short), and duration of boot
wear. Age was categorized as youn-
ger than or equal to 30 years, 31 to
59 years, and 60 years and older.
Because of a predominantly Cauca-
sian population, our race analysis
was separated into Caucasian, not
Caucasian, and unknown. BMI was
separated into normal at under 25,
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overweight between 25 and 30, and
obese if above 30. The diagnosis
possibilities were sprain, fracture,
tendon problem, or other, and the
duration of boot wear ranged from 2
to 4 weeks, 4 to 6 weeks, and more
than 6 weeks. Chronic pain was
identified through medical record
review as chronic pain, fibromyalgia,
complex regional pain syndrome, or
reflex sympathetic dystrophy. We
used a modified Poisson regression
with robust error variance to esti-
mate the relative risk. This approach
was used rather than logistic
regression, because the odds ratio
can overstate the risk in the case of
common outcomes.16 P value less
than 0.05 was considered statisti-
cally significant. All analyses were
conducted using SAS software ver-
sion 9.4 (SAS Institute).

Results

One hundred patients were invited to
participate in this study. Of these, 3
declined initial participation, 36 did
not complete all surveys, and 15were
excluded because they did not wear
the CAMwalker boot for 2 weeks or
had a change in treatment. The final
study population included 46 pa-
tients, of whom 15 were men (33%)
and 31 women (67%) with a mean
age of 49 years (range, 22 to 77
years). Most patients (85%) were
Caucasian (Table 1).
The diagnosis requiring CAM

walker boot treatment was a fracture
in 17 patients (37%), a sprain in 7
patients (15%), and a tendon disor-
der in 17 patients (37%). Five pa-
tients (11%) were treated with a boot
for a gastrocnemius strain, stress
reaction, plantar plate injury, or
plantar fascia rupture (Table 1).
Thirty-one patients were treated
with a tall CAM boot and 15 with a
short boot. Mean duration of boot
wear was 4.2 weeks (range, 2 to
9 weeks), wearing the boot for a

mean of 6.5 (range, 3 to 7) days
per week for an average of 11.6
(range, 3 to 23) hours per day.
At the time of initiation of boot

wear, 27 patients (59%) reported one
or more secondary site pains. Among
these 27 patients, a total of 50 sec-
ondary site pains were reported. The
most frequent baseline pain siteswere
the lower back, ipsilateral knee, and
contralateral hip. At baseline, the
mean VAS of secondary site pain was
53.1 (range, 3 to 97).
At the time of transition out of the

boot, 31 patients (67%) reported
secondary site pain which was either
new or worse than at baseline. Of
these, 13 reported pain at a new sec-
ondary site and 18 reported worsen-
ing of baseline secondary site pain.
Seventeen of these patients experi-
enced new or worsening pain in the

lower back, 4 the ipsilateral hip, 11
the contralateral hip, 10 the ipsilat-
eral knee, 8 the contralateral knee, 2
the contralateral ankle, and 1 the
contralateral foot (Figure 1). Of
those with new or worsened sec-
ondary site pain, each patient expe-
rienced an average of 1.6 secondary
sites of pain at the time of tran-
sitioning out of the boot.
One month after transitioning out

of the boot, 18 patients (39%)
reported persistent secondary site
pain which had developed during
boot wear and was either new or
worse than at baseline. Three months
after transitioning out of the boot, 15
patients (33%) reported persistent
secondary site pain. Of these, 12 had
reported secondary site pain at base-
line. Thus, 48% of those in whom
secondary site pain developed while

Table 1

Patient Demographics

Demographic Number

Age (yr, mean, range) 49.8 (22–77)

Sex (n, %)
Male 15 (33)

Female 31 (67)
Smoker (n, %)

Yes 1 (2)
No 45 (98)

Race/ethnicity (n, %)
Caucasian 39 (85)
Hispanic 2 (4)

Asian 1 (2)
Black/African American 2 (4)

Declined 2 (4)
Injury (n, %)

Fracture 17 (37)
Sprain 7 (15)

Tendon problem 17 (37)
Othera 5 (11)

Body mass index (kg/m2, n, %)

Normal (,25) 24 (52)
Overweight (25-30) 10 (22)

Obese (.30) 12 (26)

a Gastrocnemius strain, stress reaction, plantar plate injury, or plantar fascia rupture.
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wearing the boot still had secondary
site pain 3 months after cessation of
boot wear.
Most (84%) of the new or wors-

ened secondary site pains began
within the first 2 weeks of boot wear.
Of patients’ secondary site pains, 34
sites caused little to no limitation, 21
some limitation, 10 quite a lot of
limitation, and 4 complete limitation
of the patient’s usual activities. Mean
VAS for secondary site pains at the
time of transition out of the boot was
51.2 (range, 4 to 98). One month
after coming out of the boot, mean
VAS was 57.4 (range, 16 to 100) and
at 3 months after boot wear, mean
VAS was 43.2 (range, 15 to 99).
In 22 patients with a history of

lower back or lower extremity pain,
new or worsened secondary site pain
developed in 16 of them during boot
wear. Secondary site pain developed
in all enrolled patients with a history
of chronic pain (8/8) and in one
patient who smoked cigarettes. No
statistically significant correlation
exists between the development of
secondary site pain and sex, age, race
or ethnicity, BMI, diagnosis, history
of lower back or lower extremity
injury, smoking, use of tall or short
boot, or duration of boot wear.
However, statistical significance was

found correlating secondary site
pain with a history of chronic pain
(Table 2).

Discussion

The severity and frequency of sec-
ondary site pain related to immobili-
zation in a CAM walker boot are yet
to be evaluated in the literature. In
this study, 67% of patients treated
with a CAM walker boot for at least
2 weeks reported new or worsened
secondary site pain at the time of
transition out of the boot. On aver-
age, each of these patients experi-
enced 1.6 secondary pain sites. The
reasons for secondary site pain dur-
ing CAMwalker boot wear are likely
multifactorial and could be related to
boot design, altered gait mechanics,
or simulated leg-length discrepancy.
Most CAM walker boots have a

rocker bottom sole, which is designed
to facilitate roll-through during
ambulation. The advantage of this is
to shield the ankle and foot during the
gait cycle. Yet, this can lead to alter-
ations in balance and an altered pos-
tural response during gait.17-19

Furthermore, decreasing ankle range
of motion diminishes proprioceptive
feedback through the lower extrem-

ity, resulting in abnormal kinematics
at other more proximal joints.7

CAM walker boots also create a
simulated leg-length discrepancy.7

Leg-length inequality can cause ab-
normal joint forces and motion
in the lower extremity. Physiologic
compensation to leg-length discrep-
ancy occurs, including bending of
the longer-leg knee, which adds
pressure to the lateral patellofemoral
articulation.20 Additionally, the pel-
vis can tip and become lower on the
shorter side, decreasing the femoral
head coverage on the longer side.10

The short-sided foot externally ro-
tates, repositioning the heel into
valgus and collapsing the longitudi-
nal arch.12 Rotation of the longer
limb has also been implicated in pro-
gressive scoliotic curvature, which
may lead to development of lower
back pain.21-28 Betsch et al9 illustrated
that an artificial leg-length inequality
of just 15 mm can lead to changes in
pelvic tilt, torsion, and spinal posture.
Long-term effects of limb-length
inequality include the development
of arthritis of the hip and lower back
pain.29

We can draw several conclusions
about the timing and severity of pain
onset related to CAM walker boot
wear. Most (84%) of the new or
worsened secondary site pains began
within the first 2weeks ofwearing the
boot. And, although it did not reach
statistical significance, we observed a
trend of those spending a longer time
in the boot having more frequent and
severe pain. With respect to recovery
after transitioning out of the boot,
52% of patients’ new or worsened
secondary site pain completely re-
solved by 3 months after ceasing
boot wear. The mean severity of pain,
as measured by patient-reported VAS,
initially worsened after ceasing boot
wear and then demonstrated a trend
of improvement by 3 months. Taken
together, these findings suggest a
dose-related effect of boot wear,
with longer use correlated to more

Figure 1

Number of patients reporting new or worsened secondary site pain at each time
point. Specific sites of pain are represented by colors.
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frequent secondary site symptoms
and a gradual subsequent recovery
after the patient no longer requires
the boot.
In this study, patients with a history

of chronic painwere at particular risk
for development of secondary site
pain. Althoughwe additionally noted

an increased relative risk of second-
ary site pain in other subgroups, these
analyses did not reach statistical sig-
nificance. Patients with a history of
chronic pain who require CAM
walker boot treatmentmight warrant
additional counseling about the risks
of pain related to boot wear.

In this study, the lower back was
the most common secondary pain
site, followed by the contralateral hip
and ipsilateral knee. These sites were
also the most common baseline sec-
ondary pain sites. These data suggest
that although secondary site pain can
develop at new sites while wearing a

Table 2

Factors Associated With Secondary Site Pain

Variable Presence of Secondary Site Pain (%, Number)

Univariate

RR (95% CI) P Value

Sex 0.51
Malea 60% (9/15) 1.00

Female 71.0% (22/31) 1.18 (0.74-1.89)
Age 0.38

30 years or youngera 57.1% (4/7) 1.00
31-59 years 76.0% (19/25) 1.33 (0.67-2.62)

60 years or older 57.1% (8/14) 1.00 (0.46-2.19)
Caucasian 0.68

Noa 60.0% (3/5) 1.00
Yes 69.2% (27/39) 1.15 (0.55-2.43)

Unknown 50.0% (1/2) 0.83 (0.18-3.96)
Body mass index (kg/m2) 0.32
Normal (,25)a 75.0% (18/24) 1.00

Overweight (25-30) 70.0% (7/10) 0.93 (0.59-1.49)
Obese (.30) 50.0% (6/12) 0.67 (0.36-1.23)

Diagnosis 1.00
Spraina 71.4% (5/7) 1.00

Fracture 70.6% (12/17) 0.99 (0.56-1.73)
Tendon problem 64.7% (11/17) 0.91 (0.50-1.63)

Other 60.0% (3/5) 0.84 (0.36-1.98)
Previous lower back/extremity injury 0.54
Noa 62.5% (15/24) 1.00

Yes 72.7% (16/22) 1.16 (0.78-1.74)
Chronic pain 0.04
Noa 60.5% (23/38) 1.00
Yes 100% (8/8) 1.65 (1.28-2.14)

Boot height 0.51
Talla 71.0% (22/31) 1.00

Short 60.0% (9/15) 0.85 (0.53-1.35)
Duration of boot wear 0.52

2-4 wka 61.3% (19/31) 1.00
4-6 wk 75.0% (9/12) 1.22 (0.80-1.88)
.6 wk 100.0% (3/3) 1.63 (1.23-2.16)

CI = confidence interval, RR = relative risk
a Reference.
P values ,0.05 are shown in bold.
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CAM walker boot, preexisting sec-
ondary pain sites are particularly
likely to be exacerbated. The contra-
lateral ankle and foot were not fre-
quent secondary pain sites.
Limitations of this study include its

small sample size and that only 46%
of patients who met inclusion criteria
completing all surveys. It is possible
that those responding to the surveys
in full were more, or less, likely than
the general population to have sec-
ondary site pain. The patient-
reported nature of the surveys also
generates a potential response bias,
although the subjective nature of pain
necessitates a study design that is
based on patient reporting. Another
limitation is the wide range of hours
per day that the CAM walker boot
was worn by patients. It is possible
that patients may have modified the
duration of boot wear to minimize
secondary site pain. If this was the
case, it would likely have the effect of
diminishing the severity of reported
secondary site pain. We did not
address this possible occurrence in
our surveys or the possibility that foot
shape and alignment contributed to
the boot experience. Additionally, we
cannot be certain that the boot wear
was causative of the secondary site
pain, because patients in this study
did have a lower extremity injury or
disorder. It is plausible that the
altered gait contributing to the sec-
ondary site pain may have been
because of the injury more than the
boot itself.
Additional research into the rela-

tionship between CAM walker boot
wear and secondary site pain may
further define the effects of the boot
as opposed to the injury. It would be
beneficial to further evaluate the leg-
length discrepancy and variation in
gait experienced by patients wearing
a CAM walker boot. Wearing a heel
or a shoe lift on the contralateral
extremity would theoretically elimi-
nate the leg-length discrepancy and
may minimize the frequency of sec-

ondary site pain. It would also be of
interest to evaluate the secondary site
pain at 6 months and a year to
determine if the symptoms resolved.
Given the frequency with which

CAM walker boots are prescribed, it
is important to understand the asso-
ciation between boot wear and sec-
ondary site pain. In our practice,
patients frequently inquire about
whether a CAM walker boot will
cause or exacerbate pain. Because of
the results of this study, we are now
better able to counsel patients and are
more likely to recommend devices
that balance the leg lengths when
wearing a boot or use crutches to
assist with pain.

Conclusion

Sixty-seven percent of patients
included in this study experienced
new or worsened secondary site pain
during CAM walker boot wear for
a lower extremity injury or disorder.
The sitesmost susceptible to secondary
painwere the lowerback, contralateral
hip, and ipsilateral knee. Although the
frequency and severity of secondary
site pain improved with time after
transitioning out of the boot, one-third
of patients had persistent secondary
site pain 3 months after cessation of
boot wear.
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