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Summary

Objective: to compare treadmill training with partial body weight support (TT-BWS) and

conventional physiotherapy (CPT) in ambulatory hip arthroplasty patients

Design: Randomized controlled trial

Setting: Rehabilitation center

Patients: 80 patients with a fully loadable implant who could walk independently with
crutches after unilateral total hip arthroplasty were randomized to receive either TT-BWS or

CPT, for 10 working days.

Main Qutcome Measures: The Harris score, recorded by blind assessors, served as the
primary outcome measure. Secondary outcome measures were the hip extension deficit, gait
velocity, gait symmetry, affected hip abductor power, its amplitude of EMG activation, and

the interval from surgery to abandoning crutches was also identified.

Results: At the end of training, the experimental group's Harris score was 13.6 points higher
(p<0.0001). Further, hip extension deficit was 6.8° less (p<0.0001), gait symmetry was 10%
greater (p=0.001), affected hip abductor was stronger (4.2 vs. 3.7 MRC grades, p<0.0001),
and the amplitude of gluteus medius activity was 57.1% greater (p=.001). Gait velocity did
not differ in the two groups. These significant differences in favor of the experimental group
persisted at 3 and 12 months. The experimental group abandoned their crutches sooner than
the control group (3 vs. 8 weeks). In group A, 39 patients finished treatment, 35 appeared at
three and 26 at 12 months for follow-up. In group the corresponding numbers were 40, 35 and

24 patients.



Conclusion: TT-BWS is more effective than CPT at restoring symmetrical independent

walking after hip replacement.



INTRODUCTION

Each year, approximately 800,000 patients in the United States and 420,000 in the European

Community receive a total hip replacement.l’z. Post-operative rehabilitation programs focus
on hip joint mobilization, strengthening of surrounding muscles and gait retraining, initially

with a walking aid. Uncontrolled studies have reported improvements following conventional

rehabilitation programs. 34,5

Treadmill training with partial body weight support has already been shown to be effective in

neurological rehabilitation.% "%

Treadmill training follows modern principles of motor learning and allows patients to practice
complex gait cycles early in rehabilitation, before they can walk unsupported and
independently on the ground. As their body weight is supported in a controlled manner, they

are able to take many more steps than is normally possible when floor walking.

Treadmill training with body weight support and conventional gait training has been

compared following fractured neck-of-femur.'? At discharge, the treadmill group could walk
better and faster, developed more hip muscle power and were discharged from hospital 13

days sooner than the control group.

A preceding biomechanical study of ambulatory total hip arthroplasty patients with a fully
loadable implant compared their walking on the treadmill with 15% body weight support
(BWS) and walking on the ground with two crutches placed reciprocally. In both conditions,
patients walked symmetrically, but the activation of the affected hip abductor muscle was

larger in amplitude and occurred at a more normal time of the gait cycle when walking on the

treadmill. 1



The present randomized controlled study intended to investigate the potential of treadmill
training with partial body weight support in patients following total hip replacement. The
hypothesis was that treadmill training with partial body weight support was more effective
than conventional floor gait training in improving functional walking in total hip arthroplasty

patients with a fully loadable implant.

METHODS

Patients

Between Sept 1, 1999 and December 31, 2001, we recruited 80 patients with a total hip
arthroplasty from one center. All participants gave written consent to participate in this study,

which was approved by the local ethics committee.

Inclusion criteria were:

« age under 75 years

- first time unilateral total hip replacement for osteo-arthrosis or hip fracture

+ participation in a two week-rehabilitation program at Klinik Berlin

«  fully loadable cemented or cement-free prosthesis

« able to walk reciprocally with two forearm aluminum crutches with adjustable forearm

piece



gait symmetry of less than 0.85, gait symmetry was expressed as swing duration of the
left side divided by that of the right side, if the duration of the left side was shorter or vice

versa
no further orthopedic or neurological disease impairing gait

no history of deep vein thrombosis or symptomatic heart disease in the previous six

months
Assignment

Patients were randomized to the treatment group (A) or control group (B) by an independent
person who chose one of (initially) 80 sealed envelopes 30 min before begin of the
intervention, allocating 40 to each group. The sample size was calculated to corroborate a
minimum important difference of 10 points of the Harris score with alpha set at 0.05 and beta

at 0.2.
Treatment

All patients received 45 minutes of individual therapy time on each of 10 consecutive

working days. Patients of group A received treadmill® training for 25 minutes and other
individual physiotherapy for 20 minutes on day 1-5 and 35 minutes of treadmill training and
10 min of physiotherapy on days 6-10. Patients of group B received 45 min of individual

physiotherapy.

The content of the individual physiotherapy was different in both groups: for patients of
group A, it only included passive hip and knee joint mobilization in every session. In group

B, it included passive hip and knee joint mobilization, strengthening of the hip abductor and



extensor muscles according to the proprioceptive neurofacilitation concept' and gait

retraining on the floor and stairs in every session.

All patients also had daily individual 30-minute sessions of occupational and passive physical
therapy (e.g. massage, heat, ultrasound) and group therapy in the swimming pool for 25
minutes for 10 days. After discharge from the clinic, patients in both groups continued to have
regular individual physiotherapy. Also they were instructed in exercises to do at home

including strengthening and stretching of the pelvic girdle muscles.

For daily mobility during the study, all patients were instructed to walk with two crutches

placed reciprocally.

Between discharge and follow-up at three months, there was no significant difference in the
number of individual 30 minute physiotherapy sessions per week in patients of group A

(1.9+0.17) and group B (2.2+0.19).

Assessment

The primary outcome measure was the Harris score. > Secondary outcome measures were the
hip extension deficit as a part of the Harris Score, gait velocity, gait symmetry, hip abductor
muscle strength and its mean EMG activation. These were measured before and at the end of
training and 3 and 12 months later. Patients were also asked at 3 months when they had

abandoned crutches in everyday life.

The Harris score (0-100) has six weighted categories: pain, limping without assisting devices,
the use of any technical aids in daily mobility, maximum walking distance, competence in
daily activities such as stair climbing, use of public transport, seating comfort, and dressing,

and passive hip range of motion including contractures and leg length differences. The



maximum and optimum score is 100. Within categories, the maximum scores are 44 (pain),
11 (limping), 11 (use of assisting devices), 11 (maximum gait distance), 14 (daily activities),
5 (hip joint range of motion), 4 (contractures respectively leg length difference). The pain

category is thus the most weighted one within the Harris Score.

The muscle strength of the medial gluteus muscle of the affected side was assessed with the
help of the Medical Research Council (MRC) score'* while lying on the non-affected side.

Grade 0 means no movement and grade 5 normal power.

Two experienced raters, both members of the neurological unit of the department,
independently assessed the Harris score including the hip joint hip range of motions and the
muscle strength of each patient. Working in a separate unit, they were not involved in the
treatment of the patients and thus not aware of their treatment group; also patients were
instructed not to report their group assignment. Gait analysis helped to assess walking
velocity, swing symmetry and the mean functional activity of the affected gluteus medius
muscle. During all measurements patients walked unaided, i.e. without their crutches.

Assisting devices themselves result in a well-balanced gait and may disturb the activation

pattern of the gluteus medius muscle.' > %17

Walking velocity was calculated over the last 10m of a 14m distance on the ground at self-
selected speed. The test was repeated to get a mean value of two trials at each measurement

point and expressed as meters/second.

For the assessment of swing symmetry, the limb-dependent cycle parameters (stance, swing,

and double support durations) were recorded with the help of the Ultraflex SystemB. It

consisted of overshoe-slippers with eight insole force sensors, from which data were collected

at 100Hz, amplified and memorized by a portable data logger worn by the patient.18



Gait symmetry was expressed as swing duration of the left side divided by that of the right
side, if the duration of the left side was shorter or vice versa. Swing duration corresponds to
the single stance phase of the contralateral limb. This measure of gait symmetry is 1 in normal
subjects and decreases when patients are reluctant or unable to take their full weight on one

leg.

In addition, electromyographic activity of the affected gluteus medius muscle was detected by

self-adhesive surface electrodes (8 mm diameter) following a standardized protocol:

the electrodes were attached 2 cm apart on the muscle belly (located 2.5 cm below the
superior iliac crest on a line between this point and the greater trochanter) after conventional
skin preparation (shaving, cleansing and abrasion of keratinised epidermis). The impedance
was checked and kept below 5 kOhm. Signals (1000 Hz sampling rate) were preamplified
with standard Infotronic preamplifiers attached to the limb and memorized by the portable
data logger (see above). Repeated EMG measures at maximal voluntary contraction at start
and end of data collection of each patient showed stable force/EMG relationship over time in
order to exclude potential electrode displacement and major impedance changes during one

assessment session..

All gathered signals (i.e. foot contacts, and EMG measurements) were transmitted after the
end of the measurement to a personal computer and further processed by Infotronic software.

Cycle parameters were averaged over at least 15 strides.

The EMG data were digitally filtered (band-pass, 10 to 300 Hz), rectified, averaged over at
least 10 strides, and time-normalized to the mean cycle duration set to 100%. To quantify the

physiological, functional activity of the gluteus medius muscles, mean values of the non-low



passed signals were calculated in a time interval from late swing (onset at 90%) to mid-stance

(end at 40%) of the cycle duration, set to 100%.

Statistical Analysis

Distribution of the variables is given as mean, standard deviation (SD), medians and ranges.
ANOVA with repeated measurements was used to determine differences in the primary and
secondary outcome variables for each group across time and also between groups at the end
of the training period and at follow-up after three and twelve months. For the primary
outcome measure alpha was set at 0.05, for the five secondary variables a Bonferroni
correction was considered with an alpha level of 0.01. An intention-to-treat analysis of the
Harris score was based on the last available Harris score of each individual. Further, the
clinical data of the dropouts of both groups were compared. Another “intention-to-treat
analysis” excluded those four patients of group B who had experienced a hip implant

loosening during follow-up.

10



RESULTS

In group A, one patient died from pulmonary embolism before completing her rehabilitation
program. In group B, all patients completed the treatment. At the 3-month follow up, 4
patients of group A did not attend (1 death, 2 contra-lateral hip replacements, 1 refusal). In
group B, 5 patients did not attend (3 contra-lateral hip replacement, 2 refusals). At the 12-
month follow up, 9 other patients of group A did not attend (2 deaths, 3 contra-lateral hip
replacements, 4 refusals). In group B, 11 patients did not attend (2 deaths, 3 contra-lateral hip
replacements, 4 re-implant of the hip due to implant loosening, 2 refusals). Hence, 26 patients
in the treatment group and 24 in the control group completed the 12-month study (fig 1). The
clinical data and the outcome measures at study begin of the dropouts of both groups (14 in

the experimental and 16 in the control group) did not differ significantly.

During treadmill training, patients were supported by a modified parachute harness suspended
by a set of pulleys. The harness allowed free movement of the lower limbs and arms and
provided a pre-set degree of body weight support (BWS). Patients did not use crutches or take
weight through their arms while walking on the treadmill. BWS was set at 15% of body

weight in all sessions, as this is the usual amount of weight transmitted through crutches when

used in reciprocal gait. 19 Initial treadmill speed was set according to the patients’ preferred
ground walking speed (0.5-1.0m/s), and was increased in all but 3 patients by 25% after day
5. Correspondingly, patients took 2000-2500 steps / session on the treadmill as compared to

100 to 150 steps / session in the control group following therapists’ estimations.

Before treatment, there were no significant differences between the experimental and control
group in selected patient characteristics or outcome measures (table 1). The inter-rater

reliabilities of the Harris and of the MRC score were 0.91 and 0.93.

11



Both groups improved significantly between the beginning and end of the training in all
outcome measures, except for the mean functional activity of the gluteus medius in group B,

which was stable (table 2).

Comparisons between groups showed that the Harris score was significantly better in the
experimental than in the control group at the end of training, the experimental group's Harris
score was 13.6 points higher (p<0.0001). This difference in favor of the experimental group
persisted at follow-up; it was the 8.9 points higher (p<0.0001) at three and even 16.5 points

higher (p<0.0001) at 12 months (fig 2).

The intention-to-treat analysis also revealed significantly better Harris scores in the
experimental group, the corresponding p-values were p<0.0001 at the end of training, p
<0.001 after three and p<0.0001 after one year. The same significant result in favor of group
A, p<0.001 at study end, was obtained when excluding the hip implant loosening patients

from group B.

Within the Harris score, the pain and maximum walking distance categories revealed the
largest differences in favor of the treadmill group. In group A, 14 patients of group A could
walk an unlimited distance, 23 patients 1-2 km and 2 patients less than 1000 m at the end of
the intervention. The corresponding numbers of group B were: 3 patients could walk an
unlimited distance, 7 patients 1-2 km, 23 patients less than 1000m and 6 patients could walk
less than 500 m. The absolute pain category differences in favor of group A were 5 points at

the end of training, 6 points after three and 9 points after 12 months.

Among the secondary outcome measures, hip extension deficit was 6.8° less (p<0.0001), gait

symmetry was 10% greater (p=.001, fig 3), affected hip abductor was stronger (4.2 vs. 3.7

12



MRC grades, p<0.0001) and the amplitude of gluteus medius activity was 57.1% greater
(p=.001, fig 4,5) in the experimental group at the end of training. These significant
differences in favor of the experimental group persisted (muscle strength, gait symmetry) or
even increased (hip extension deficit, and mean functional activity of the affected gluteus
medius) at the 3- and 12-month follow-up (table 2 and 3). Walking velocity did not differ at

any of the measurement points.

All patients reported at the 3-month follow-up that that they had abandoned crutches, but the
mean interval was shorter in the experimental group (3.2 +/- .42 weeks) than the control

group (7.9 +/- .51 weeks).

Patients took 2000-2500 steps/session on the treadmill, but seldom exceeded 100 steps /

session in the control group.

13



DISCUSSION

The treadmill group was superior to the control group in every parameter measured, except
walking velocity at the end of training, and 3 and 12 months later. The patients of the
experimental group abandoned their crutches earlier, and none of the patients was re-operated
on the same side. In the control group, four patients received a re-implant due to loosening

within one year.

Both groups were homogeneous with respect to the clinical characteristics and the outcome
measures before training, the net therapy time during the treatment period was comparable

and the amount of physiotherapy after discharge did not differ markedly. The results of the

control group are in keeping with a large German outcome study on 177 hip arthroplasty

patients with a fully loadable implant following a 12 day conventional rehabilitation

program.5 Further, the walking velocity did not differ between the two groups, so that the

known influence of speed on the gait of hip arthroplasty patients could not explain the

observed effects.?® This supports our conclusion that treadmill training is more effective than

conventional training, as Baker et al found in less ambulant, older, subjects following

fractured neck-of-femur. 10

What are the most possible explanations?

Firstly, treadmill training offers a task-specific repetitive approach enabling the practice of
numerous complex gait cycles. Patients took vastly more steps on the treadmill than in the
control group. Daily walking outside therapy sessions may have mitigated this difference but
patients of the experimental group tended to walk more in their spare time. Obviously the

larger pain reduction (see pain category of the Harris score) may have resulted in more

14



comfort and confidence in their walking abilities. The walking distance part of the Harris

score further confirmed this notion.

Secondly, hip extension in the late stance phase, indirectly sensed by the length of the hip

muscles with the help of muscle spindles21, is a relevant peripheral drive for the spinal
stepping generators according to animal experiments. The hip extension deficit in the
treadmill group was significantly less, which may have contributed to the beneficial effect of

the locomotor therapy.

Thirdly, several studies reported on the significance of a well functioning and strong gluteus

medius muscle for walking ability, gait symmetry and the prevention of implant

22,23,24

loosenin. The isometric strength and the mean functional activity of the gluteus

medius while walking were larger in the treadmill group.

Loosening of the prosthesis was only seen in the conventional therapy group. It is possible
that the greater muscle strength in the treadmill group helped to prevent this complication, but
an alternative interpretation is that the type of training was irrelevant, and the distribution of
loose prostheses was due to chance. However, having a loose prosthesis may have impaired
the rehabilitation of those patients in the conventional therapy group, which would tend to

exaggerate the beneficial effects of treadmill training.

The patient who died of pulmonary embolism had had a deep vein thrombosis one year before
study onset. It is possible that the firm pressure of the harness around her thighs may have
contributed to venous stasis and recurrent thrombosis, or that the more vigorous exercise
dislodged a pre-existing thrombus. Our standard practice now is to continue prophylaxis with

sub-cutaneous low molecular weight heparin until the end of treadmill training in all patients.

15



The rather high drop out rate in the second follow-up period and the fact that the study was
carried out in one center limit the study. Also the practice common in Germany of walking
with two crutches placed reciprocally and the standardized body weight support on the
treadmill may not totally reflect the everyday clinical situation. Retraining of more severely
affected patients, who are unable to walk independently, should be addressed in future

studies.

CONCLUSION

In conclusion, a 10-day treadmill training program with partial body weight support proved

superior in hip arthroplasty patients with a fully loadable implant with respect to the Harris

score, the hip extension deficit, the walking symmetry, and the hip abductor muscle strength.

The repetitive practice of walking in conjunction with a more effective strengthening of the

hip abductor may be the factors that explain the better outcome of the treadmill subjects.

16
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Legends to the figures
Fig. 1: Trial profile

Fig. 2: Mean (SD) recovery patterns of the Harris Score. The experimental group significantly

scored better (p<.0001) at the end of training and at follow-up 3 and 12 months later.

Fig. 3 Mean (SD) recovery patterns of swing symmetry. The experimental group significantly

scored better (p<.001) at the end of training and at follow-up 3 and 12 months later.

Fig. 4: Mean (SD) muscle power (MRC, 0-5) of the affected gluteus medius muscle. The
experimental group scored better (p<0.0001) at the end of training and at follow-up 3 and 12

months later.

Fig. 5: Raw and normalized electromyogram of the gluteus medius muscle of the affected side

before and after therapy of a patient of the treatment group (above) and of the control group

(below).
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