
BACKGROUND

Hip osteoarthritis (HOA) is a common joint condition that has serious consequences for those 
affected. Pain and restricted hip function have a negative impact on quality of life. In addition, 
research has frequently demonstrated that HOA patients exhibit changes in gait biomechanics 
(Constantinou et al., 2017; Diamond et al., 2018). An artificial hip joint is recommended only for 
HOA that has progressed significantly. Therefore, the development of effective non-surgical 
treatment methods is of great importance. However, very little is currently known about the 
effectiveness of orthoses when treating HOA. Previous studies about hip orthoses designed 
to provide mechanical relief to the hip joint had some positive results (Sato et al., 2008, 2012; 
Nérot & Nicholls, 2017). Orthosis concepts designed to provide mechanical relief to the hip 
joint may possibly result in restricted freedom of movement and limited wearing comfort, 
which reduces its suitability for patients with mild to moderate symptoms. Modern definitions 
of osteoarthritis emphasize that it is not exclusively a condition of the joint cartilage but that 
all other joint structures are also affected (Block & Shakoor, 2009). For this reason, orthosis 
concepts that focus on treatment, for example, of the surrounding muscles or the joint capsule, 
without the need for rigid design elements for mechanical relief, can have a positive effect 
during the treatment of HOA. Owing to the many mechanoreceptors in the joint area, an effect 
on proprioception is also possible.

In a comprehensive study design, the goal of this study was therefore to examine the influence 
of unilateral HOA and a functional hip orthosis on gait biomechanics, pain perception, hip 
proprioception, and the functional abilities of patients suffering from mild to moderate HOA.
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STUDY DESIGN 

This study is a combination of a case control study to compare patients with HOA to healthy test 
subjects, and an intervention study to examine the effects of the orthosis.

1) BioMotion Center, Institute of Sports and Sports Science, Karlsruhe Institute of Technology (KIT), Karlsruhe, Germany
2) Sports Orthopedics, Institute of Sports and Sports Science, Karlsruhe Institute of Technology (KIT), Karlsruhe, Germany
3) Joint Center Black Forest, Hospital Neuenbürg, Neuenbürg, Germany
† These authors share senior authorship

Front. Bioeng. Biotechnol. 2022



METHODOLOGY

Sample: n= 42 (21 HOA, 21 healthy) (details see Tab. 1)

Test orthosis: CoxaTrain® (Bauerfeind AG)

Inclusion criteria: - Radiologically proven HOA  
(Kellgren Lawrence Score 2–4)

 - Functional deficits, measured using the Harris Hip Score;  
(65-95 of 100)

 - Hip pain in the last three months during everyday movements
 - Asymptomatic contralateral hip joint

Exclusion criteria: - Additional damage and/or pain of a musculoskeletal and/or  
neurological nature in the area of the lower extremities  
and the torso

 - Secondary HOA

Objective criteria:  - Biomechanical movement analysis:  
spatial/temporal gait parameters, joint kinematics (joint angle),  
joint dynamics (joint torque)

 - VAS 10-point scale: pain level
 - Joint angle reproduction test: hip joint proprioception
 - 6 minute walking test (6MWT): functional abilities

Study period  1st measurement date: test without orthosis  
Reference period: recording pain for 7 days without orthosis

 2nd measurement date: test with orthosis after a brief period of getting 
used to the medical aid  
Intervention period: recording pain for 7 days with orthosis

 3rd measurement date: test with orthosis after wearing it for one week

Data analysis Variance analysis or T-test (or non-param. alternative) with a significance 
level of 5%

Tab. 1. Average values (standard deviations) of test subject characteristics for the HOA 
group and control group (CG).

Gender
Age [years]
Weight [kg]
Height [cm]
Body Mass Index (BMI) [kg/m²]
Harris Hip Score
Hip Osteoarthritis Outcome Score (HOOS)
Tegner Activity Score
Affected/examined side

HOA group (n=21)

11 men, 10 women
64.0 (9.6)
71.3 (11.9)
171.2 (6.7)
24.2 (2.9)
74.6 (11.8)
62.0 (16.4)
4.7 (0.8)
11 right, 10 left
Stage 2 = 9
Stage 3 = 7
Stage 3/4 = 1
Stage 4 = 4

Control group (n=21)

11 men, 10 women
63.1 (9.2)
74.4 (12.7)
171.1 (8.8)
25.2 (2.7)
98.4 (2.3)
97.7 (5.1)
4.9 (1.2)
11 right, 10 left



RESULTS

Without the orthosis, the test subjects from the HOA group exhibited much worse performance 
during the 6MWT than the control group. After the one-week intervention phase, the distance 
covered was significantly greater than that without the orthosis or after brief orthosis use 
(compare Fig. 1). The orthosis had no impact on the pain level before or after being subjected to 
strain during the 6MWT.

The average wearing duration of the orthosis during the intervention period was 10.1 ± 3.5 
hours per day. During the intervention phase, pain perception during activities involving walking 
as well as pain at night (walking: 18.4 ± 18.1; pain at night: 13.9 ± 15.9) were much lower than 
during the reference period (walking: 25.7 ± 15.3; pain at night: 17.0 ± 17.6) (Fig. 2). 18 of 21 test 
subjects showed a reduction in pain during activities involving walking.

During the angle reproduction test, no significant effect of either the HOA or the orthosis could 
be substantiated.

During the biomechanical movement analysis, test subjects from the HOA group not wearing 
the orthosis exhibited a much lower walking speed and shorter step length compared with the 
control group. Furthermore, the movement radius in a sagittal and transverse plane as well 
as the maximum extension angle were reduced in the HOA group. During the analysis of joint 
dynamics, reduced maximum flexion, extension, adduction, and internal rotation torques were 
recorded. An increased movement radius of the pelvic tilt as a result of HOA was also identified. 

After medium-term orthosis use, a significant increase in walking speed and step length was 
detected compared with patients not wearing an orthosis or when the orthosis was worn 
for a short time only. In the sagittal plane, short-term orthosis use resulted in a reduction in 
the maximum flexion angle and, under both orthosis conditions, in an increase in maximum 
extension torque compared with not wearing an orthosis (Fig. 3). Additionally, under both 
conditions when wearing the orthosis, there was a significant increase in the movement radius 
of the pelvic tilt as well as pelvic rotation.
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Fig. 2: Comparison of pain perception of the HOA group without a hip 
orthosis (reference period, 7 days) with the pain perception  
of the HOA group with a hip orthosis (intervention period, 7 days); 
10-point visual analog scale depicted in mm, VAS 10=100 mm.
*indicating significant differences for α<0.05.
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Fig. 1: Average values of distance covered [m] during the 6 minute 
walking test for the control group (CG) and the HOA group under 
different orthosis conditions.  
*indicating significant differences for α<0.05.
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Fig. 3: Progression of time of the hip angle [°] as well as external 
hip torque [Nm/kg] in the sagittal plane normalized in relation to the 
walking cycle or a standing phase. Red = control group, black = HOA 
group without orthosis, blue = HOA group with short-term orthosis 
use, green = HOA group with medium-term orthosis use.

DISCUSSION

The sample group examined in this study exhibited, during gait analysis, typical characteristics 
of patients suffering from HOA, such as reduced maximum hip extension. In addition, increased 
pelvic movement in the sagittal plane was recorded, which is used as a compensatory 
mechanism for restricted hip extension function (Lee et al., 1997). Changes in gait biomechanics 
resulted in a decrease in walking speed and step length, which was highlighted in reduced 
functional abilities during the 6MWT. As opposed to studies with patients suffering from 
osteoarthritis of the knee (Barrett et al., 1991; Knoop et al., 2011), no impact of HOA on hip joint 
proprioception was substantiated.

Owing to the use of a hip orthosis, a reduction in pain perception during walking was recorded 
for 18 of 21 test subjects. Furthermore, an increase in walking speed and step length was 
observed during the biomechanical movement analysis. These changes resulted in an increase 
of distance covered during the 6MWT of 5% on average. Despite the increase in walking 
distance during the 6MWT, the level of pain remained the same after patients were subjected to 
strain. Similarly, a positive effect of a hip orthosis on performance in a “Timed up and go test” 
was corroborated, which increased with an increasing wearing duration (Sato et al., 2012).  
A longer-term orthosis use could potentially increase the positive effect of using an orthosis  
on functional abilities even more.

As opposed to results from using knee supports (Beynnon et al., 2002; Baltaci et al., 2011), 
using hip orthoses had no influence on hip joint proprioception. While this complies with the 
result that no deterioration in proprioception caused by HOA was recorded, it contradicts 
results relating to the knee joint. Baltic et al. (2011) substantiated positive effects of a knee 
support on proprioception in young, healthy test subjects. The angle reproduction test while 
standing upright demands, in addition to perceiving the joint angle position, a high degree 
of motor control from the test subjects, which may mask changes in proprioception. Other 
methods for recording hip proprioception may therefore be needed to identify minor changes in 
hip proprioception.



Generally, the use of an orthosis did not lead to a “normalization” of the gait because typical 
movement characteristics (e.g. reduced maximum hip extension and decreased movement 
radius in the sagittal plane) remained even after one week of wearing the orthosis. Similar 
results are known from studies about total endoprostheses, which demonstrate changed gait 
biomechanics after up to two years following surgery (Beaulieu et al., 2010; Foucher et al., 
2007; Zügner et al., 2018). Reasons for this could include learned movement patterns to avoid 
pain which persisted after the end of treatment. Existing muscle weaknesses could also be 
the cause for changes in gait. A wearing duration of only one week may not be enough for a 
normalization of the gait patterns. Therefore, long-term effects should be examined in future 
studies.

Conversely, the use of the orthosis triggered additional changes in gait biomechanics. On 
the one hand, wearing an orthosis resulted in a direct reduction in the maximum hip flexion 
angle, which may be caused by the orthosis’ passive resistance. On the other hand, changes 
in movements of the pelvis were recorded which was increasingly tilted and rotated during 
walking. Both movements allow an increase in step length despite limited extension and 
internal rotation capabilities of the hip joint (Leigh et al., 2016). Owing to the close connection 
of the pelvis and the lumbar spine (Thurston & Harris, 1983; Whittle & Levine, 1999; Ike et al., 
2018), it is likely that changes in pelvis kinematics have an impact on lumbar spine mobility 
(Hurwitz et al., 1997; Watelain et al., 2001). Particularly the long-term effects of orthosis use on 
the lumbar/pelvic region should therefore be examined in more detail.

To sum up, a positive effect of orthosis use on pain perception and the functional abilities 
of patients suffering from mild to moderate unilateral HOA was substantiated. The effects 
usually did not occur immediately but after wearing the orthosis for a week. The underlying 
mechanisms, however, remain partly unclear because, even after wearing an orthosis, typical 
changes in gait persisted in patients suffering from HOA. Analyses of whole-body movement, 
muscle activity, and recording of data after long-term orthosis use could supply additional 
insight in the future.

CONCLUSIONS

CoxaTrain® reduces pain at night

CoxaTrain® reduces pain during walking

CoxaTrain® improves mobility
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