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CASE REPORT

The effect of crutches, an orthosis TheraTogs, and nowalking aids on the recovery
of gait in a patient with delayed healing post hip fracture: A case report
Clare Maguire, MPTSca,b, Judith M. Sieben, PhDc, Heike Scheidhauer, Dr.paeda, Jacqueline Romkes, PhDd,
Zorica Suica, MSca,e, and Robert A. de Bie, MSc, RPT, PhDf

aBildungszentrum Gesundheit Basel-Stadt, Muenchenstein, Switzerland; bFaculty of Health, Bern University of Applied Science, Bern,
Switzerland; cDepartment of Anatomy and Embryology, Maastricht University, Maastricht, The Netherlands; dLaboratory for Movement
Analysis, Basel University Children’s Hospital, Basel, Switzerland; eReha Rheinfelden, Rheinfelden, Switzerland; fDepartment of Epidemiology,
Maastricht University, Maastricht, The Netherlands

ABSTRACT
Accelerated rehabilitation following hip fracture and joint replacement, including early
unrestricted weight-bearing and muscle strengthening, has gained importance in hastening
functional recovery and hospital discharge. The influence of walking aids on these parameters
is sparsely investigated. In this case report, we document the effect of walking with crutches; an
orthotic garment and strapping system, TheraTogs; and no walking aids over 3–4-week periods on
walking speed, trunk sway, and muscle activity measured with electromyography (EMG). The
patient was a 49-year-old female showing delayed healing following a conservatively treated
avulsion fracture of the greater trochanter 12 weeks previously with a 14-year history of total hip
arthroplasty. EMG analysis showed muscle activity increased with TheraTogs and decreased with
crutches compared with walking with no aids. Walking speed improved at a faster rate in the
TheraTogs phase than in the crutches phase and reduced in no-walking-aids phase. Mean speed
(SD) for each phase was: crutches 1.11 (0.08) m/s, TheraTogs 1.35 (0.11) m/s, and no-aids 1.19
(0.14) m/s. Trunk sway increased in the crutch and no-aids phases, and became more stable in the
TheraTogs phase. In this patient, function and recovery rate of all measured parameters increased
more in the TheraTogs phase than the crutches or no-aids phase. This may be because muscle
activity was facilitated enabling active support of recovering structures.
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Introduction

Accelerated rehabilitation for patients following hip
fracture or total hip replacement (THR) has become
established over the last decade to hasten functional
recovery and shorten hospital stay (Hol et al, 2010;
Hung, Egol, Zuckerman, and Siu, 2012; Robbins et al,
2014; Tayrose et al, 2013). Early or immediate
unrestricted weight-bearing is an important aspect of
these programs.

Additionally, the importance of regaining hip muscle
strength to improve patient outcomes and reduce
healthcare costs for patients following joint replace-
ment and hip fracture has been demonstrated
(Borrelli et al, 2006; Piva et al, 2011; Zhao, Chen, Lee,
and Wu, 2013).

Deficiency of the hip abductor mechanism is
however a common complication following THR with
a reported incidence of up to 20% (Garcia, Picado, and
Nogueira-Barbos, 2010; Masonis and Bourne, 2002).
This may be preexisting and found during surgery or

it may occur during surgery as a result of damage to the
superior gluteal nerve or due to the detachment of the
abductor muscles from the greater trochanter (Odak
and Ivory, 2013). Fracture of the femur is also a
common complication with 5% involving the greater
trochanter (Pritchett, 2001). Recovery may occur
spontaneously or surgery may be necessary if conserva-
tive treatment fails. For these patients, unrestricted
weight-bearing and muscle strengthening can be
delayed.

As the choice of walking aid in orthopedic rehabili-
tation clearly influences weight-bearing status and has a
significant impact on muscle activity (Maguire, Sieben,
Frank, and Romkes, 2010; Neumann, 1998; Sonntag
et al, 2000), the prescription of appropriate assistive
devices to optimize recovery is important.

Canes and crutches enable partial and non-weight-bear-
ing gait thus unloading joints and potentially reducing pain
when walking. However, they have also been shown, in
cross-sectional studies, to reduce muscle activity, gait
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speed, and cadence (Maguire, Sieben, Frank, and Romkes,
2010; Neumann, 1998; Sonntag et al, 2000). Crutches cause
abnormal activation patterns in hip abductor muscles fol-
lowing hip arthroplasty (Sonntag et al, 2000), and restricted
weight-bearing through assistive devices, which use the
upper limbs, significantly increases energy expenditure
(Westerman, Hull, Hendry, and Cooper, 2008).

As many patients are unable to walk without some
form of walking aid immediately post-operatively,
assistive devices which support the affected structures
without reducing muscle activity or requiring the use of
the upper limbs could be more beneficial than hand-
held walking aids. This may be particularly relevant for
patients with a defective hip abductor mechanism.

An elasticized orthotic garment and strapping sys-
tem named TheraTogsTM (Telluride, CO, USA), which
does not require use of the arms, has shown promising
results regarding muscle activity when tested with
patients following stroke (Maguire, Sieben, Frank, and
Romkes, 2010). This study showed that hip abductor
activity increased by 16.5% when walking with the
orthotic garment compared with walking without walk-
ing aids. Studies have also indicated that TheraTogs
facilitates improvements in bone alignment and kine-
matic gait parameters in children with neurological
conditions (Abd El-Kafy, 2014; Richards, Morcos,
Rethlefsen, and Ryan, 2012). To our knowledge, this
system has not been tested in orthopedic patients.

In this clinically driven case report, we outline the
effects of crutches, the orthosis TheraTogs, and no walk-
ing aids during the gait rehabilitation of a 49-year-old
patient with delayed healing of a conservatively treated
avulsion fracture of the greater trochanter having under-
gone THR 14 years previously. Written consent was
obtained from the patient.

Case description

The patient was a 49-year-old female (160 cm, 50 kg)
who had undergone a left total hip arthroplasty 14
years previously, suffering an incomplete lesion of the
lumbar plexus during surgery resulting in residual mus-
cle weakness. Subsequent replacement of the acetabu-
lum was necessary twice, 7 and then 8 years after
original surgery due to initial incorrect positioning of
the acetabulum component. Twelve weeks before the
reported course of treatment, the patient had stumbled
causing an avulsion fracture of the greater trochanter,
leaving the prosthetic implant at this level without bony
covering and having direct contact with overlying soft
tissues (Figure 1). Surgical repair was not recom-
mended at this stage as the original incorrect position-
ing of the acetabulum and repeated surgical corrections

had resulted in poor bone quality. The fracture was
treated conservatively and the patient was non-
weight-bearing for 5 weeks after which she could pro-
gress to partial then to full weight–bearing, as the pain
allowed.

Twelve weeks post-fracture, the patient continued to
walk with elbow crutches and attempted to reduce
crutch use. Normal progression to full weight-bearing
without assistive devices was delayed due to high levels
of pain. Physiotherapy treatment consisted of advice
and exercise prescription when in hospital and nothing
further since discharge. The patient had now requested
assistance with the reduction of crutch use and the
progression to full weight-bearing.

Before fracture the patient walked independently
without aids for 2–3 km, at which point she would rest.
Stair climbing was possible using a bannister. A slight
Trendelenburg was visible after walking long distances,
indicating underlying hip abductor weakness. The
patient had no other medical or surgical complaints.

Clinical examination

Social history
The patient worked as a teacher. She had pain standing
for long periods in the classroom and was currently
working more with office and administrative tasks. She
was able to drive to and from work. She lived with her
husband in a house with stairs. Her active hobbies were

Figure 1. Plain radiograph (AP view) taken on initial presenta-
tion, showing an avulsion fracture of the greater trochanter,
leaving the shoulder of the prosthesis in direct contact with soft
tissues (circled).
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cycling (usually tandem), e-biking (a bicycle with an
integrated electric motor), and diving.

Pain
A deep burning pain becoming sharp and intense
began over the lateral aspect of the left hip (site of
greater trochanter fracture) (P1 on body chart,
Figure 2a) after 15–20 min walking on flat ground
and partial weight-bearing with two crutches. This
radiated to the medial aspect of the knee joint if
the patient continued to walk (P2). These pains var-
ied between 3 and 8 on the Visual Analogue Scale
(VAS). Pain began at 3 on VAS and became quickly
worse if the patient attempted to walk through the
pain or to reduce weight-bearing on the crutches.
Pain was also present in the left buttock when
attempting to reduce weight-bearing on the crutches
(P3) (VAS 4–5) (Figure 2b). This increased signifi-
cantly during stair climbing or after sitting for 30–60
min. Generalized groin pain (P4) (VAS 3–4) was not
present in the morning but increased through the
day. All pain was reduced after 1–3 h of complete
rest in lying with the hip in extension and slight
abduction.

Medication
Paracetamol (325 mg)/Tramadol (37.5 mg) was taken
2–4 times daily as needed for pain.

Observation

Gait
The patient had a Trendelenberg gait pattern when
walking without crutches.

Standing
Weight-bearing was predominantly on the right leg
with atrophy of left gluteus medius and hypertrophy
of left tensor fascia lata (TFL). Atrophy of left-sided
quadriceps, hamstrings, and gastrocnemius was also
noted (Table 1).

Palpation
Generalized tenderness was noted over the lateral
aspect of the left hip with over-activity and hypertrophy
of left TFL.

Reflexes
The patellar tendon reflex was reduced on the left and
normal on the right. The Achilles tendon reflex was
absent on the left and normal on the right.

Problem analysis and clinical hypotheses

The dislocated greater trochanter (displaced dorsally
and cranially as seen on x-ray) left the hip prosthesis
without bony covering. This caused the shoulder of the
prosthesis to irritate overlying soft tissues during all hip
movements, but particularly during joint loading

Figure 2. (a) Body chart showing areas of pain P1, P2, and P4. (b) Body chart showing areas of pain P3.
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causing increased inflammation and pain. The patient
was able to walk short distances with crutches as the
joint was partially unloaded. Walking without aids
increased loading and therefore soft tissue irritation
and pain (Table 2).

As the greater trochanter is the insertion for gluteus
medius and gluteus minimus, the displacement of this
fragment also led to a defective hip abductor mechanism
leading to compensation and increased activity of TFL.
Weakness in the other muscle groups was a long-standing
problem caused by the incomplete lesion of the lumbar
plexus during surgery 14 years previously. This was also
the cause of the reduced spinal reflexes. No further deficits

in the lumbar region which may have affected gait func-
tion (e.g., core stability or mobility) were found.

Physiotherapy diagnosis and treatment plan

As pain was caused by the ongoing irritation and inflam-
mation of tissues overlying the exposed prosthesis when
walking, it was considered that short-term symptomatic
treatment of pain with physiotherapy interventions
would not be effective. In order to enable pain-free or
pain-reduced walking without aids, treatment should
attempt to increase support around the hip joint and
exposed prosthesis during weight-bearing. This could be
achieved primarily through strengthening of all hip
muscle groups including the remaining hip abductor
musculature (TFL and possibly muscular contractile ele-
ments from gluteus maximus which can fuse with the
gluteal aponeurosis) (Netter, 2014). Crutch use should
be gradually reduced as muscle strength increases. A
muscle strengthening program combined with a gradual
reduction of crutch use was prescribed.

Prognostic indicators

Compensatory strategies are developed by a large pro-
portion of patients in the presence of defective hip
abductor mechanisms (Howell, Biggs, and Bourne,
2001; Odak and Ivory, 2013; Williams and Cohen,
2009). The physical requirements necessary to develop
these strategies have not been reported (as far as the
authors are aware). Positive predictive indicators in this
patient which may have supported this ability were
considered to be age (49 years), low BMI, moderate
levels of cardiovascular fitness, and high motivation.

Table 2. Problem list based on the International Classification of
Functioning (ICF).
Body functions and
structures Activities Participation

Gradually increasing
pain after walking
15–20 min with two
crutches

Patient unable to
progress to fully
weight-bearing and
independent walking
without crutches

Patient’s work
environment
limited to
sedentary tasks

Pain when stair
climbing and after
sitting for 30 min

Patient unable to climb
stairs

Unable to participate
in active hobbies,
for example, diving
and cycling

Generalized weakness
in the hip and
leg muscles,
particularly hip
abductors (gluteus
medius and
minimus) causing
marked
Trendelenburg gait
pattern and
increased trunk
sway

Limited in some
household tasks
and shopping

Reduced active and
passive hip ROM
limited by pain

Table 1. Active and passive range of movement in the hip, knee, and ankle joints of the left leg.
Hip joint range of movement (ROM) and muscle strength

Flexion Extension Abduction Adduction Internal rotation External rotation

Active ROM 80° 0° 30° 0° 5° 20°
Left Limited by pain Limited by pain Limited by pain Limited by pain Limited by pain Limited by pain
Right Full range Full range Full range Full range Full range Full range
Passive ROM 100° 0° 40° 10° 10° 30°
Left Limited by pain Limited by pain Limited by pain Limited by pain Limited by pain Limited by pain
Right Full range Full range Full range Full range Full range Full range
Strength: Manual Muscle Test
Left 4 4 2–3 4 3 4
Right 5 5 5 5 5 5

Range of movement and strength in lower limbs

Knee flexion Knee extension Ankle dorsiflexion Ankle plantarflexion Ankle inversion Ankle eversion

Active ROM Left Full range Full range 80° Full range Full range Full range
Right Full range Full range Full range Full range Full range Full range
Passive ROM Left Full range Full range Full range Full range Full range Full range
Right Full range Full range Full range Full range Full range Full range
Strength: Manual Muscle Test
Left 4 4 3 4 4 3
Right 5 5 5 5 5 5

Note. Muscle strength of hip and lower limb muscle groups tested with the Manual Muscle Test.
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However, it was clear that the challenges posed by the
exposed prosthesis could not be reduced with conser-
vative treatment. Significant increases in muscle
strength in surrounding muscle groups would be neces-
sary to adequately support the hip joint and exposed
soft tissues. The large changes required in muscle
strength to enable independent gait and the incomplete
lesion of the lumbar plexus were considered negative
prognostic indicators.

As the patient was very eager to attempt to achieve
her goals without surgery, and because surgery was not
recommended at this stage due to weakening of the
bone from previous operations, conservative manage-
ment as outlined was indicated (Table 3).

Outcome measures

Outcome measurements consisted of:

(1) Gait speed measured twice weekly: Changes in
gait speed in a female population following hip
fracture have been shown to indicate meaning-
ful functional change (Alley et al, 2011).

(2) Dynamic hip muscle function measured twice
weekly evaluated through trunk sway using the
SwayStar instrumentation: This method was
chosen because direct measurement of muscle
strength using the manual muscle test was
painful for hip abductor muscles. Trunk sway
has been used in hip fracture and normal sub-
jects to assess abductor muscle function
(Archdeacon et al, 2008; Klemetti et al, 2014).

(3) Patient report of distance and time walked daily
without crutches with minimal or no pain.

To measure gait speed and trunk sway the patient was
instructed to stand with feet level at the starting line of
an 8 m marked level track and when given the cue to
start to walk at a comfortable speed and to stop at the
end. Time to complete was measured using the SwayStar
instrumentation, and gait speed was calculated.

The SwayStar balance system (Balance International
Innovations GmbH, Iseltwald, Switzerland) consists of
two angular velocity sensors (fiber optic gyroscopes).
SwayStar was attached via a belt to the patient at the
level L2/3 in the midline. The sensors were attached to
a computer via a Bluetooth communication which
sampled the velocity signals every 100 ms and numeri-
cally integrated the velocity signals to yield angular
displacement. Trunk sway was measured as the total
angle area (TAA) displacement (in degrees2) of the
center of mass (level L2/3) during 8 m walk. This was
calculated from total movement in the frontal and
sagittal planes. The SwayStar has been used to assess
trunk sway in many pathologies and differing age
groups (Allum and Carpenter, 2005; Bischoff-Ferrari
et al, 2006; Corporaal et al, 2013; Goutier et al, 2010;
Horlings et al, 2009).

The measurement results are presented in Table 5
and plotted in Figures 6 and 7 to show changes over
time during the different rehabilitation phases.
“Celeration” or “Split Middle” lines, developed to quan-
tify rate of change over time for single case reports or
studies, have been plotted to show change in each
rehabilitation phase.

Muscle activity walking with and without assistive
devices
Muscle activity when walking without walking aids,
with TheraTogs, and with crutches using electromyo-
graphy (EMG) was measured. Measurements took
place on different days. Walking without aids and
with crutches were compared first, followed by walking
without aids and with TheraTogs.

Surface EMG measurements
Surface EMG was used to measure muscle activity with
a 16 bipolar channel Porti system (TMS International,
Enschede, The Netherlands) of the gluteus maximus
and gluteus medius using standard “European
Recommendations for Surface Electromyography”
(SENIAM) electrode placement (Hermens, Freriks,
Disselhorst-Klug, and Rau, 2000) despite avulsion frac-
ture, to investigate muscle activity at this level and
possible compensation mechanisms, TFL, quadriceps,
and hamstrings of the left (affected) leg when walking
with and without aids. Gait cycles were defined as heel
strike to heel strike of the same leg determined by a

Table 3. Aims of treatment related to ICF problem list (formu-
lated with patient).
Short-term treatment
aims (2–6 weeks)

Long-term treatment
aims (6–12 weeks)

Long-term treatment
aims (6–12 weeks)

Body functions and
structures Activities Participation

Strengthening of hip
and lower extremity
muscle groups,
particularly hip
abductor and
extensor groups

Improved gait pattern
with reduced
Trendelenburg and
trunk sway

Patient able to stand,
walk, and climb
stairs as necessary
at work and during
household tasks
without walking
aids

Graded and supervised
reduction of crutch
walking (increasing
10 min pain-free per
week)

Pain-free, independent
walking without
walking aids for 2–3
km (approximately 1 h)

Able to participate in
more active
hobbies; for
example, cycling

Increased active and
passive hip ROM

Ability to climb stairs
using a bannister,
pain-free
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foot switch placed mid-heel and synchronized with the
Porti system.

EMG activity during maximum voluntary contraction
(MVC) for each muscle was collected on each occasion
using the protocol described by Konrad (2006).

EMG data collection
Data were collected for each muscle over nine gait
cycles as the patient walked at a self-selected, comfor-
table speed. Skin was prepared for surface EMG place-
ment, first shaved over the relevant muscles and cleaned
with alcohol. Noraxon bipolar Ag/AgCl surface EMG elec-
trode pairs with an electrode diameter of 10 mm and an
inter-electrode spacing of 20 mm (Noraxon USC, Inc.,
Scottsdale, AZ) were placed onto the skin overlying these
muscles following the SENIAM guidelines (Hermens,
Freriks, Disselhorst-Klug, and Rau, 2000). The ground
electrode was placed overlying the sacrum.

EMG was measured at a sampling rate of 2048 Hz
without filtering, so that the signals were measured
including direct current (DC). The digitized data were
high-pass filtered with a fourth-order filter with a cut-
off frequency of 10 Hz. The EMG signals were full wave
rectified and each dataset of one gait cycle was inter-
polated to 500 data points using the MATLAB software
package (MathWorks©, Inc., 1994–2014, Natick, MA).
The data were exported to Microsoft Excel® (version
14.1.0, 2011) for further analysis.

EMG analysis

Mean EMG muscle activity for each muscle in each gait
cycle was measured and a maximum of mean values
and the standard deviation over nine gait cycles were
calculated. EMG activity during MVC for each muscle
(re-measured during each measurement at the begin-
ning and end of each phase) was then determined.
Maximum of the mean EMG activity during walking
as a percentage of MVC was calculated when walking
without aids, with TheraTogs, and with crutches.
Percentage changes between conditions were

calculated. Measurement results are presented in
Table 4 and Figure 4.

Intervention

Crutch walking (weeks 1–4)
The patient continued working in a sedentary job and
was able to drive a car. Hydrotherapy was completed
twice weekly for active left hip and leg strengthening and
mobilizing exercises within pain limits. A home exercise
program of strengthening and stretching exercises was
also completed within pain limits daily. The patient also
walked 500 m to 1 km each day and had a structured
program to reduce crutch use. Initially two crutches
were used for the whole 1 km distance. On the basis of
the structured program, crutch use was reduced.

Response to treatment
After 2 weeks, the patient could walk 500 m (7–12 min)
without crutches and with minimal pain. Pain medica-
tion remained unchanged. During this period, gait
speed was increasing indicating functional improve-
ment, but trunk sway was also increasing indicating
reduced trunk stability and reduced hip muscle control
(Table 5 and Figures 6 and 7). Trunk sway increases
with increasing gait speed, but the levels of this patient
were higher than normal values and continued to
increase (Goutier et al, 2010).

For the next 2 weeks, treatment continued. Figures 6
and 7 show that gait speed continued to improve but that
trunk sway was also increasing. During these 2 weeks, the
distance the patient was able to walk without crutches
improved slightly to approximately 700 m. It was still not
possible to climb stairs without pain. After 4 weeks,
patient and therapist felt that progress had slowed and
that a change in treatment approach was necessary.

It was hypothesized that the crutches, which have been
shown to reduce hip muscle activity during walking
(Sonntag et al, 2000), were having a negative impact on
the recovery of hip muscle strength and therefore gait
function and trunk sway. As crutches were used for long
periods daily, the likelihood of this effect was increased.

Table 4. EMG activity when walking (1) without aids then with crutches; and (2) without aids then with TheraTogs, as a percentage
of maximum voluntary contraction mean (SD).

EMG activity as a percentage of maximum voluntary contraction*

Glut maximus Glut medius Tensor fascia lata Quadriceps Hamstrings

Without assistive devices 41.95 (7.24) 64.23 (10.39) 62.32 (18.74) 44.12 (11.44) 35.07 (3.80)
With crutches 13.20 (3.48) 29.08 (5.97) 36.46 (20.22) 19.65 (6.89) 23.80 (10.29)
% Change −27.75 (9.80) −35.14 (12.59) −25.87 (20.80) −24.47 (6.73) −11.27 (9.91)
Without assistive devices 58.19 (69.19) 45.73 (16.49) 29.38 (12.72) 20.13 (3.22) 39.43 (5.00)
With TheraTogs 59.87 (66.74) 60.85 (17.79) 37.63 (13.02) 23.07 (7.64) 48.14 (12.75)
% Change +18.33 (26.1) +36.18 (25.19) +31.41 (25.19) +14.16 (22.06) +24.15 (41.35)

*Measured on different days. Percentage change not absolute values compared.
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We considered that a walking aid which would
increase hip abductor and extensor muscle activity
while providing external hip support may be more
appropriate. It was decided that the orthotic garment
and strapping system TheraTogs applied to facilitate
hip abductor and extensor muscle activity would be
an appropriate treatment alternative to crutch walking.
It was not clear at this point whether the hip joint
which would now be loaded (partial weight-bearing
would no longer be possible as arms are not used
with TheraTogs) would become more painful.

TheraTogs (weeks 5–8)
TheraTogs consists of an inner “suit” worn next to the
patient’s skin under the clothes. The outer surface is

Velcro-sensitive allowing the attachment of elasticated
straps. The straps provide a gentle pressure with the
aim of improving joint alignment and increasing mus-
cle activity. The orthosis was individually adapted and
applied to facilitate hip abductor and extensor muscle
activity (Figure 3). The patient applied TheraTogs in
the morning when dressing and wore it throughout the
day until undressing at night. During this period
crutches were not used.

The patient continued with strengthening and
stretching exercises twice weekly in water and daily
home exercises.

Response to treatment
The patient continued initially to walk 500 m without
crutches but now wearing TheraTogs and pain was
absent or minimal. After 2–3 weeks, this increased to
1 km taking 15–20 min. The patient was full weight-
bearing, but still wearing TheraTogs. Pain medication
remained unchanged. After 4 weeks, the patient could
walk approximately 1.5 km with TheraTogs and dis-
tance without aids remained approximately 700 m.

Gait speed continued to improve and at a faster rate
than during the crutch walking phase (Table 5 and
Figure 6). Trunk sway was reduced compared with the
earlier phase although gait speed was increasing. Stair
climbing was possible when wearing TheraTogs and
using a bannister. It remained painful however and the
patient reported that TheraTogs acted more as a hindrance
than a help. This may have been because the strap applied
to facilitate hip muscle extensor activity opposed hip
flexion.

After 2 weeks, the patient was able to commence
cycling with an e-bike and began a twice weekly ride of
5–10 km. Sometimes this would replace the hydrother-
apy session. TheraTogs was uncomfortable when
cycling. At the end of 4 weeks, gait speed had

Table 5. Gait speed and trunk sway in each phase.
Measures Phases

Gait speed (m/s)
Measurement point

Phase A Crutch
walking

Phase B
TheraTogs

Phase C
No walking

aids

1 1.01 1.25 1.29
2 1.01 1.19 1.51
3 1.03 1.21 1.10
4 1.23 1.43 1.14
5 1.16 1.38 1.10
6 1.16 1.48 1.05
7 1.13 1.48 1.19
8 1.16 1.38 1.14
Mean (SD) 1.11 (0.08) 1.35 (0.11) 1.19 (0.14)
Median (IQR) 1.14 (0.14) 1.38 (0.25) 1.14 (0.17)

Trunk sway—total angle
area (degrees2)

Measurement point
1 59.04 71.96 100.49
2 48.08 85.43 88.12
3 49.04 61.36 85.63
4 73.86 67.63 74.82
5 59.10 68.38 101.70
6 107.11 61.28 104.12
7 89.90 81.74 87.11
8 67.95 78.30 53.26
Mean (SD) 69.26 (20.51) 72.01 (9.06) 86.90 (16.82)
Median (IQR) 63.52 (34.35) 70.17 (17.96) 87.61 (23.88)

Note. SD, standard deviation; IQR, interquartile range.

Figure 3. TheraTogs adapted for easy application by the patient herself and applied to facilitate hip abductor and extensor activity.
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significantly improved and trunk sway had become
more stable. The patient was able to walk longer dis-
tances without pain and stair climbing although still a
bit uncomfortably. The patient felt that TheraTogs pro-
vided stability and support when walking, but was a
hindrance when stair climbing and uncomfortable
when sitting or cycling. Additionally, the patient felt
restricted in the clothes she could wear with TheraTogs
and was often warm on hot days. As gait speed and
trunk sway had improved and pain was controlled, the
patient and therapist decided to progress treatment and
attempt to remove walking aids from daily activities
and walking.

The question as to whether pelvic stability was
improved through improved pelvic muscle activity or
through passive support of the orthosis itself remained
unclear. Muscle activity when walking without walking
aids, with TheraTogs, and with crutches using EMG
was measured as mentioned earlier to help clarify this
question.

EMG—the immediate effects on muscle activity
As shown in Table 4, muscle activity was reduced in all
muscle groups when walking with crutches and increased
in all muscle groups when walking with TheraTogs.
Figure 4 shows typical examples of these effects for the
measurements over the standard SENIAM hip abductor
position. The nature of EMG means that absolute values

on different days cannot be compared. The percentage
change between conditions can however be compared
(Konrad, 2006).

No walking aids (weeks 9–12)
The patient now began to walk throughout the day
without walking aids. Gait speed and trunk sway
continued to be measured twice weekly. Initially
strengthening and stretching exercises in water and
at home were continued. Cycling with an e-bike 5–10
km once or twice a week and the daily walk was also
continued.

Response to treatment
After 2 days, pain began to increase when walking.
After 7–10 days, pain had increased significantly and
began to limit function. An acute inflammation at the
anatomical level of the greater trochanter was diag-
nosed as the exposed prosthesis irritated soft tissues.
Non-steroidal anti-inflammatory Eterocoxib (90 mg) to
be taken once in the evening and rest were prescribed.
Due to the pain the patient discontinued the e-bike
riding and daily walks. Because of high levels of inac-
tivity and the increased pain, gait speed reduced and
trunk sway increased substantially (Figures 6 and 7).
The patient continued to rest as prescribed for the
following 10–14 days.

Figure 4. Mean EMG activity over nine gait cycles at the gluteus medius electrode placement position walking comparing (a)
walking without aids with TheraTogs; and (b) walking without aids with crutches.
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At this point (12 weeks following the commencement
of gait rehabilitation), it seemed unlikely that treatment
aims of returning to prefracture levels of mobility without
walking aids would be achieved. Treatment aims of
increasing hip muscle strength and mobility to enable
walking without aids were not achieved. The patient’s
goals of being able to complete work and leisure tasks

without walking aids were also not achieved. The patient
was reluctant to return to either crutch walking or
TheraTogs on a long-term basis. Both of these walking
aids had improved functional mobility while they were
being used but the patient’s goal was to walk without
assistive devices. It appeared that supporting the hip
joint either through partial weight-bearing with crutches

Treatment with crutches -

4 weeks duration

1.Hydrotherapy 2x weekly

2. Daily  home  strengthening 

and stretching exercises

3. Daily walk  with crutches 1km 

gradually reducing crutch use

4. After 2 weeks  daily walk 

500m with crutches 500m with 

no walking aids

5. After 4 weeks  daily walk 

500m-700m with no walking 

aids

Treatment with TheraTogs -

4 weeks duration

1. Hydrotherapy 2x weekly

2. Daily home strengthening and 

stretching exercises

3. Daily walk 500m -700m with 

TheraTogs. Approx. 1x weekly 

with no  walking aids

4. After 2-3 weeks daily walk  1km 

with TheraTogs. Approx. 1x 

weekly  500m-700m with no  

walking aids

5. After 4 weeks daily walk 1.5 km 

with TheraTogs.  Maximum 

distance without aids  (1x weekly) 

remained 700m.

6. After 2 weeks commenced e-

bike riding of 5-10km sometimes 

replacing   hydrotherapy.

Treatment with no walking aids -

4 weeks duration

1. Hydrotherapy 2x weekly

2. Daily home strengthening and 

stretching exercises

3. E-bike riding 1-2x weely  

4. Daily walk 500m-700m without 

aids

5. After 5-7 days pain stopped e-

bike, hydrotherapy and 500m-700m 

walk

6. Patient continued to walk at home 

and work without aids

7. After 10 days rest was prescribed.

Exercises were stopped.

First

5-7

days

Figure 5. Timeline of treatment interventions.

Figure 6. Gait speed—twice weekly measurements during gait rehabilitation with crutches, TheraTogs, and without walking aids.
Red line is the calculated “Celeration” line indicating rate of change in each phase. The green line in the TheraTogs phase indicates
expected values in TheraTogs phase if rate of change from crutch walking had continued.
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or through facilitation of muscle activity and the passive
support from TheraTogs was necessary to reduce inflam-
mation and pain when walking. A timeline overview of
treatment interventions is presented in Figure 5.

Outcome

Surgical intervention

Imaging showed that the trochanter fracture had
formed a pseudarthrosis. The shoulder of the hip pros-
thesis continued to irritate overlying soft tissues and the
abductor mechanism, attached to the displaced tro-
chanter fragment, could not be normally retrained.
Surgery was carried out to change the shaft of the
prosthesis, repair the pseudarthrosis with autologous
bone grafting, and reattachment of the fragment of
the trochanter to the femur with osteosynthesis. Thus,
the gluteal musculature was also reattached. At the time
of this report, the patient was non-weight-bearing. It
was expected to take 4–6 months before the procedure
was completed and the patient could begin to fully
weight bear.

Discussion

Effects of the walking aids during rehabilitation

To our knowledge, this is the first detailed case to
document the specific influence of walking aids over a

prolonged period on functional recovery in orthopedic
rehabilitation.

Gait speed and trunk sway

Table 5 and Figures 6 and 7 show the changes in gait
speed and trunk sway as the patient underwent gait
rehabilitation using different walking aids. Gait speed
increased during crutch walking. It continued to
improve with TheraTogs at a faster rate of change (stee-
per slope) and reduced when walking with no aids. Gait
speed (m/s) mean (SD) changed from 1.11 (0.08) in
crutch phase to 1.35 (0.11) with TheraTogs. According
to Alley et al (2011) who investigated meaningful
improvement in gait speed in 217 women following hip
fracture, this represents a “substantial functional
improvement.” This was mirrored in the activity levels
when walking with TheraTogs. A daily walk of 500 m to
1 km was continued as during crutch walking, but the
patient was fully weight-bearing. One to two weekly bike
rides of 5–10 km were also done on a regular basis.
During the no-walking-aids phase, gait speed reduced
again to 1.19 (0.14) m/s. The patient’s function was
substantially reduced, shown by the necessity to stop
activity such as daily walks and e-bike riding.

Trunk sway increased steadily indicating increasing
pelvic and balance instability during the crutch walking
phase. In healthy subjects, increasing gait speed is asso-
ciated with increased trunk sway (Goutier et al, 2010).
It could be argued therefore that the increased values

Figure 7. Trunk sway—twice weekly measurements during gait rehabilitation with crutches, TheraTogs, and without walking aids.
Increasing values indicate greater instability. Red line is the calculated “Celeration” line indicating rate of change in each phase. The
green line in the TheraTogs phase indicates expected values in TheraTogs phase if rate of change from crutch walking had continued.
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were due to increasing gait speed as values remained
well above normal. Normal values for the average gait
speed obtained by this patient when walking with
crutches vary between 18.0 and 31.6 degrees2 (Goutier
et al, 2010). This value in our patient was 69.3 (20.5)
degrees2 indicating instability and consistent with the
generalized weakness around the hip. Increasing trunk
sway is associated with an increased risk of falling
(Bischoff-Ferrari et al, 2006; Dingwell and Marin,
2006; Goutier et al, 2010; van Iersel et al, 2007).

During the TheraTogs phase the values became less
variable, exhibiting fewer extremes of movement and
indicating improved stability. The rate of increase was
much reduced compared with crutch walking, even
though gait speed increased. In the no-walking-aids
phase, trunk sway again began to increase at a faster
rate indicating greater instability despite reducing gait
speed.

Muscle activity

When walking with crutches, muscle activity was
reduced in all muscle groups compared with walking
with no aids, confirming the findings of Sonntag et al
(2000). Despite this, gait speed increased. A possible
explanation is that the unloading which occurs at the
hip joint when walking with crutches (Bateni and Maki,
2005) not only caused an ongoing reduction in muscle
activity but also enabled spontaneous recovery of the
affected structures resulting in increased gait speed.
However, given the importance of hip abductor control
in postural stability (Gribble and Hertel, 2004;
Negahban et al, 2013), the constant inhibition of this
activity in this phase may have been responsible for the
increasing trunk sway.

The immediate effect of TheraTogs on muscle activ-
ity compared with walking without aids was an
increased activity in all muscle groups with the largest
effects at the hip abductor muscles (gluteus medius)
and hamstrings. The mechanism by which TheraTogs
facilitates muscle activity has not been determined. It
may be that propriceptive input from the elasticated
straps facilitates muscle activity or that the passive
correction of biomechanical alignment during walking
“normalizes” muscle length allowing improved contrac-
tion. Due to the avulsion fracture of the greater tro-
chanter, the biomechanical source of the abductor
activity remained unclear but the functional relevance
was demonstrated through improved walking speed
and trunk sway. The activity could have been the result
of surface EMG crosstalk (EMG signal generated by a
nearby muscle) (Beck, DeFreitas, and Stock, 2010;
Farina, Merletti, Indino, and Graven-Nielsen, 2004),

for example, from TFL, or it may have arisen from
muscular contractile elements which can fuse with the
gluteal aponeurosis (Netter, 2014).

Possible implications for clinical practice

Walking with TheraTogs increased muscle activity,
gait speed improved at a faster rate than crutch
walking although the hip was not unloaded through
partial weight-bearing, and trunk stability improved.
The facilitation of muscle activity through TheraTogs
may have accounted for increasing gait speed in this
phase and stabilization of trunk sway due to
increased activity in hip abductors.

However, the gains made during the TheraTogs
phase were not maintained when walking without
aids. The influence of the exposed prosthesis may
have prevented long-term benefits. When walking
without aids gait speed and trunk stability deterio-
rated, possibly because the hip was not supported
either through unloading or due to facilitation of
muscle activity. The exposed shoulder of the prosthe-
sis caused increased irritation and inflammation of
overlying soft tissues during walking. This could
explain the increased pain, reduction in trunk stabi-
lity (pain inhibition of muscle activity), and reduction
of gait speed. All outcome measures deteriorated
when walking with no aids and daily activity was
reduced. Improvements in strength and function
made during treatment with TheraTogs were insuffi-
cient to ensure independent support of the joint with
no aids. These changes could not prevent irritation of
overlying soft tissues and the escalation of inflamma-
tion and pain.

Ultimately the patient’s goal of walking indepen-
dently without aids was not achieved through conser-
vative interventions. As the patient was reluctant to use
walking aids long-term, surgery was considered neces-
sary to restore function.

Overall the results measured with this patient sug-
gest that TheraTogs may offer an attractive alternative
to crutch walking in orthopedic patients particularly if
assistance is needed in the progression to full weight-
bearing. TheraTogs appeared to provide adequate sup-
port to the recovering structures while facilitating
muscle activity. This enabled an increased recovery
rate of all measured parameters compared with walk-
ing with crutches. In this patient, these changes were
not maintained when progressing to walking with no
aids. However, the exposed prosthesis irritating over-
lying structures caused a more challenging situation
than in many patients following orthopedic hip
surgery.

PHYSIOTHERAPY THEORY AND PRACTICE 79



As up to 20% of patients demonstrate a failure of the
hip abductor mechanism following THR (Odak and
Ivory, 2013), and as post-operative fracture of the
greater trochanter is not uncommon (Pritchett, 2001),
this functional improvement may be particularly
important for this patient group who are often treated
conservatively (Odak and Ivory, 2013).

As hand-held assistive devices have been shown to
be associated with increased risk of falling, possibly due
to tripping or by diverting attentional resources (Bateni
and Maki, 2005), devices such as TheraTogs may avoid
these drawbacks. Problems due to repetitive stress on
upper extremity joints are also avoided.

It is important to emphasize that these results have
only been confirmed in one patient and cannot be
generalized. Research to investigate the long-term
impact of different walking aids on the functional
recovery of gait and balance are needed.
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