
Methods
Study design
The study is a post-market clinical fol-
low-up study according to the European 
MEDDEV 2.12/2 rev.2 [2012-01] guide-
line. In this randomised, prospective, 
interventional, single-centre study with 
a dual-arm parallel group design, a 
group of patients with osteoarthritis of 
the knee was treated with the „Genu 
OA“ knee orthosis for a period of two 
months and compared with a control 
group that received a standard inter-
vention.

Patients
Patients were recruited from an ortho-
paedic centre for the study. The pa- 
tients were assigned to one of the two 
groups based on a randomisation list 
prepared in advance. The study inclu-
ded patients with medial or lateral fe-
morotibial osteoarthritis grade 2 or 3 
according to the Kellgren-Lawrence 
system. The exclusion criteria inclu-
ded inability to walk or dependence 
on a wheelchair and diseases that did 
not allow participation in the study for 
a period of two months. Additional ex-
clusion criteria were concomitant ipsi-
lateral patellofemoral osteoarthritis 
grade 3 or 4, ipsilateral osteoarthritis of 
the hip grade 2 to 4, each according to 
the Kellgren-Lawrence system, a body- 
mass index over 30, cortisone injec-
tions within the last four weeks before 
the start of the study and inability to 
communicate in German.

The medial knee compartment is af-
fected by osteoarthritic changes more 
often than the lateral knee compart-
ment [6]. This is due to axis deviation 
[7]. An important treatment approach 
thus involves shifting the load to the 
intact compartment [8, 9]. The use of 
an unloader knee brace that encom-
passes the knee has proven to be a safe, 
cost-efficient treatment option for re-
ducing pain and improving function. 
It can even delay the need for surgery 
[10]. Both clinical and biomechanical 
studies have confirmed the effective-
ness of knee orthoses, however they 
were only rarely based on randomised 
comparative study designs. In addi-
tion, the long-term benefit of valgus/
varus orthoses must be proven in ad-
ditional clinical studies. The evidence 
of a benefit also depends on patient 
acceptance with respect to wearing 
the orthosis and on the progression 
of osteoarthritis [10, 11].  The objec-
tive of this prospective randomised 
study with a parallel group design on 
the use of the „Genu OA“ knee ortho-
sis was thus to document the following 
aspects:

a)  The medical benefit in the sense  
of effect on pain, walking distance 
and range of movement and  
these results from the patient‘s  
perspective

b)  The suitability of the orthosis  
in outpatient care

c)  Handling and acceptance by patients 
with osteoarthritis of the knee.

The results of this randomised con-
trolled trial on patient-related clinical 
endpoints show a high medical bene-
fit of wearing the “Genu OA” orthosis 
compared with standard treatment 
in patients with osteoarthritis of the 
knee. In addition to the considerably 
longer pain-free walking distance, the 
high degree of comfort and ease of use 
contribute to acceptance of the orthosis 
and thus to the success of treatment. 
This study shows the need for further 
high-quality clinical studies on the 
long-term clinical benefit of knee or- 
theses that apply a valgus/varus torque.
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Introduction
Osteoarthritis of the knee is one of the 
most common diseases among the el-
derly. It affects around 34% of women 
and 24% of men over age 60 around the 
world [1]. According to data from the Fe-
deral Statistical Office, osteoarthritis of 
the knee is the main reason for the indi-
cation for knee replacement surgery [2]. 
In 2015, total knee replacements were 
number 18 of the 50 most common ope-
rations in hospitals [3]. Elderly patients 
in particular are affected by increased 
risks due to total knee replacement sur-
gery such as complications during anaes-
thesia, revision surgery or bacterial in-
fections of the knee prosthesis that can 
lead to sepsis and heart attack [2, 4, 5].
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Fig. 1 „Genu OA“ 
orthosis.

Intervention

In the study, the treatment of patients 
with the „Genu OA“ knee orthosis (Fig. 1) 
from Thuasne was compared with the 
standard intervention for a period of 
two months. The orthosis consists of 
an elastic textile material. One side of 
the orthosis has a removable joint bar 
that supports physiological joint align-
ment. Extension and flexion limitation 
can be set using stops. The unloader sys-
tem consisting of non-elastic tension 
elements acts on the contralateral side. 
The tension system is based on a 3-point 
unloading system and ensures the ne-
cessary relief for the affected knee com-
partment. It consists of two crossover 
straps. To make it easier for the pa- 
tient to open and close the orthosis, 
the straps have an automatic magnet  
closure on the front. The orthosis design  
allows it to be used for either medial or 
lateral unloading.

All patients in the orthosis group 
were trained in the handling of the or-
thosis and the risks of a circulatory dis-
order and swelling of the lower leg due 
to too tight straps were explained. Two 
groups of patients, one with and one  
without an orthosis, were observed for a 
pre-defined period of two months. The 
standard treatment given up to then (oral 
and local analgesics, physiotherapy, 
buffer heel, lateral wedge or use of a 
walking cane) was continued. The two 
groups were then compared with respect 
to previously determined parameters.

Parameters
All parameters for the results of the  
study were determined in advance. 
The main parameter was extension of 
the pain-free walking distance after 
using the orthosis for two months. The  
following secondary parameters were  
recorded:

–  The Lequesne index was used to regis-
ter changes in: pain, walking distance 
and physical functions as a useful 
complement to the clinical findings. 
It allows the patient‘s individual 
health status to be measured and the 
results from the patient‘s perspective 
to be assessed [12].

–  Pain on loading was measured on the 
numerical rating scale (NRS) after a 
thirty-minute walk.

–  Pain at rest was also recorded based on 
the NRS.

–  The use of analgesics at the end of the 
study was compared with the baseline 
amount at the start of the study. Dis-
continuing the pain medication was 
equivalent to a reduction of 100%. 
The medication itself was not changed. 
Data from patients who did not take 
any analgesics at the start of the study 
were not included in the reduction.

–  The subjective range of movement was 
assessed qualitatively by having pa- 
tients rate it as „clearly improved“, „im-
proved“, „unchanged“, „deteriorated“ 
or „clearly deteriorated“.

–  The objective improvement of range of 
movement was measured in degrees.

–  Pressure and unpleasant sweating in 
the orthosis were also assessed quali-
tatively as reported by patients. The 
patients indicated whether wearing 
the orthosis was bothersome and whe-
ther the pressure was perceived to be 
„annoying“, „unpleasant“, „painful“ 
or „tolerable“ and whether any per-
manent pressure points or unpleasant 
sweating occurred.

–  Handling of the orthosis was measured 
qualitatively by asking both the pa- 
tient and the medical specialists about 
problems with care or use (fitting, ad-
justing, adapting) as well as how easy 
the user information was to under-
stand. Wearing comfort was also as-
sessed by asking qualitative questions 
about the following aspects: presence 
of pressure points, individual ad- 
justability, constrictions, skin irrita-
tion, unpleasant sweating and heat 
build-up.

Statistics
With a statistical power of 80%, a sample 
size of 16 patients per group was calcula-
ted to be necessary for the study to prove 
a change in the walking distance from 
1.0 (± 0.8) to 0.3 (± 0.4) in an indepen-
dent two-sample t-test with a level of 
significance of 0.05. A drop-out rate of 
5% was assumed when calculating the 
number of cases. The randomisation 
list was generated with the „rando-
mizR“ program. Mean values and stan-
dard deviations, absolute frequencies 
and percentages are used to describe the 
data. T-tests were used to calculate the 
differences between the groups with 
respect to „pain at rest“ and „objective 
range of movement“. The group differ- 
ences in analgesic use were examined 
using F tests, subjective range of move-
ment using Cochran-Armitage tests. A 

linear mixed-effects model with the 
variable of influence „Treatment“ and 
the covariable „Previous value“ was  
adapted to fit the data on change of the  
Lequesne index, the walking distance 
and pain on loading. The statistical 
analyses were conducted using the „SAS 
9.4“ program (SAS Institute Inc., Cary, 
NC, USA; Windows 10, 64 bit).

Results
The follow-up period was two months 
long, from 12 December 2016 to 28  
February 2017. A total of 32 suitable 
patients were randomised to the two 
groups: 15 patients were assigned to 
the control group and 17 to the orthosis 
group (see the flowchart in Fig. 2). All 
32 patients were available to follow-up 
after the study.

There were no statistically signifi-
cant differences in the characteristics 
between the two groups at the start 
of the study (Tab. 1). Nine patients in 
the orthosis group (52.9%) and nine  
patients in the control group (60%) had 
grade 3 osteoarthritis of the knee; eight 
patients (47.1%) in the orthosis group 
and six patients (40.0%) in the control 
group had grade 2 osteoarthritis of the 
knee. The pain-free walking distance in 
the orthosis group was 2.71 (± 1.39) km 
and in the control group 2.87 (± 1.55) 
km at the start of the study. The average 
level of pain at the end of a 30-minute 
walk was indicated to be 4.71 (± 0.99) 
on the NRS in the orthosis group at the 
start of the study; in the control group, 
this value was 4.20 (± 0.56). At the start 
of the study, the average Lequesne in-
dex was reported to be 7.62 (± 3.24) in 
the orthosis group and 8.43 (± 3.58) in 
the control group. Some 13 patients in 
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Zur Kontrolle zugeordnet (n=15)

 Intervention wie randomisiert
 erhalten (n=15)

 Intervention nicht wie randomisiert
 erhalten (n=0)

Genu OA Orthese zugeordnet (n=17)

 Intervention wie randomisiert
 erhalten (n=17)

 Intervention nicht wie randomisiert
 erhalten (n=0)

(Nach-) Beobachtung
unvollständig (n=0)

Intervention abgebrochen (n=0)

(Nach-)Beobachtung
unvollständig (n=0)

Intervention abgebrochen (n=0)

Daten analysiert (n=15)

 von Datenanalyse
 ausgeschlossen (n=0)

Daten analysiert (n=17)

 von Datenanalyse
 ausgeschlossen (n=0)

Fig. 2 Flowchart of patient inclusion and follow-up examinations.

the orthosis group and 11 in the control 
group took analgesics at the start of the 
study. The objective range of movement 
was between 104 degrees in the control 
group and 105 degrees in the orthosis 
group.

Table 2 presents the primary and  
secondary endpoints of the study. The 
change in the pain-free walking dis-
tance was significantly increased in 
the orthosis group compared with the 
control group (F = 20.23, ndf 1, ddf 29,  
p = 0.0001). While the increase in the 
pain-free walking distance was 1.29 in 
the orthosis group after treatment, the 
difference on the control group was 
barely measurable. Figure 3 shows the 
changes in the pain-free walking dis-
tance over the two months of treatment.

The average intensity of pain at the 
end of a maximum 30-minute walk was 
reduced in the orthosis group by 1.06 
(± 0.66) points on the numerical rating 
scale; this value was hardly changed in 
the control group during the study (-0.1 
± 0.35). The change in pain under loa-
ding was significantly increased in the 
orthosis group compared with the con-
trol group (F = 22.13, ndf 1, ddf 29, p < 
0.0001). Figure 4 shows this change in 
the groups over a period of two months.

With respect to pain at rest, no chan-
ges were observed over the course of the 
study. Only one study participant repor-
ted a value lower by one unit on the NRS 
after two months. The resting pain was 
reduced only in the orthosis group from 
1.59 (± 1.00) to 1.53 (± 0.94) and did not 
change in the control group. There was 
no difference between the groups at the 
end of the two-month treatment period 
with respect to the average values of res-
ting pain (t = 1.42, df 29.64, p = 0.1654).

The Lequesne index dropped in the 
control group by an average of 0.17  
(± 0.36) to 8.27 (± 3.48), while in the 
orthosis group, it was reduced by 0.68 
(± 0.71) to 6.94 (± 2.86). The change in 
the Lequesne index was significantly 
higher in the orthosis group compared 
with the control group (F = 10.08, ndf 1, 
ddf 29, p = 0.0035). Figure 5 shows this 
change during the study period of two 
months.

A reduction of 17.3% in the use of 
analgesics was observed in the orthosis 
group; the reduction in the control 
group was 3.1%. However, this diffe-
rence was not statistically significant  
( F = 3.40, ndf 1, ddf 22, p = 0.0785).

Despite wearing the orthosis, 35% of 

the patients reported that their range 
of movement was „improved“ and 65% 
said it was „unchanged“. In the com-
parison group, two patients rated their 
range of movement as „improved“ and 
the remaining patients „unchanged“. 
There was no significant difference in 
the change in subjective range of move- 
ment between the treatment groups 
(Cochran-Armitage test, p = 0.1522).

The objective range of movement 
was improved in the orthosis group by 
2.35 (± 4.37) degrees and in the com-
parison group by 0.67 (± 2.58) degrees. 
The difference between the groups was 
not significant (F = 1.61, ndf 1, ddf 21,  
p = 0.2142).

The patients in the orthosis group  
reported that they perceived wearing 

the orthosis to be unpleasant: The pres-
sure of the corrective straps was de- 
scribed as „annoying“ and „uncomfort- 
able“ but not „painful“ or „intolerable“. 
No persistent pressure points devel-
oped, also no unpleasant sweating. Five 
patients came outside of the scheduled 
follow-up appointments to have the or-
thosis readjusted.

During the entire application and 
observation period, no adverse side  
effects occurred that might have been  
related to the use of the orthosis. In five 
patients, the metal bar of the orthosis 
had to be readjusted due to insufficient 
unloading of the osteoarthritic com-
partment. No patients fitted with the 
orthosis had difficulty handling or  
caring for the orthosis.
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Assessment of  
eligibility (n=314)

Randomised (n=32)

Excluded (n=282)

• Inclusion criteria not met (n=140) 
• Participation declined (n=30) 
• Other reasons (n=112)

Assigned to Genu OA orthosis (n=17)

•  Received intervention as  
randomised (n=17)

•  Did not receive intervention as 
randomised (n=0)

Follow-up incomplete (n=0)

Intervention discontinued (n=0)

Data analysed (n=17)

• Excluded from data analysis (n=0)

Data analysed (n=15)

• Excluded from data analysis (n=0)

Follow-up incomplete (n=0)

Intervention discontinued (n=0)

Assigned to control group (n=15)

•  Received intervention as  
randomised (n=15)

•  Did not receive intervention  
as randomised (n=0)
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Fig. 3 Change in the pain-free walking distance.
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Fig. 5 Change in the Lequesne index.
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Discussion

In this prospective randomised compa-
rative study, the pain-free walking dis-
tances were extended significantly in 
patients with osteoarthritis of the knee 
by wearing the „Genu OA“ orthosis; 
the pain on loading was also reduced 
considerably compared with standard 
treatment. The significant reduction of 
the Lequesne index confirmed the pos-
itive effect on pain, walking distance, 
and physical functions in the orthosis 
group from the patients‘ perspective 
as well. Handling was found to be easy 
and wearing comfort was good. The  
orthosis thus meets the technical and 
medical requirements for products of 
the type „Knee orthoses for unloading 
and alignment“ and according to the re-
sults of this study, is suitable for use in 
patients with osteoarthritis of the knee, 
both in outpatient care and at home.

This study contributes to the requi-
rement for evidence of efficacy for cli-
nical trials with a randomised compa-
rative study design [11]. The power of 
the study was appropriate for detecting 
differences between the groups. All pa-
tients included were available to follow- 
up and their results could be analysed 
at the end of the study. In addition, 
the selection criteria were based on  
radiological criteria for the classifica-
tion of osteoarthritis of the knee as used 
in clinical practice [13], which allows 
the results of the study to be transferred 
to practice. The relevance of the results 
for fitting practice was increased by in-
cluding the patient perspective. This is 
important with respect to acceptance of 
the orthosis and thus of the treatment 
success. Overall, no change in resting 
pain was observed, which could be due 
to the short treatment period of just two 
months. The results suggest a need for 
further high-quality clinical trials on 
the sustained benefit of valgus/varus 
orthoses.

Although no change in the treat-
ment regimen took place in the control 
group, the pain-free walking distance 
was increased. What is called a response 
bias may be responsible for this. A bias of 
this kind may be attributed to the study 
participants, to changed (response) be-
haviour in a study situation, to the de-
sign of the questions or of the question-
naire, or to an interviewer effect.

Based on the Lequesne index, wear- 
ing the orthosis had a greater positive 

Control group Orthosis group

Control group Orthosis group

Months

Months

Months

Lequesne index

Control group Orthosis group
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Result Orthosis group Control group

Change in the pain-free walking distance, mean (±) 1.29 (0.90)* 0.20 (0.37)

Change in pain on loading (30-min. walk, NRS), mean (±) -1.06 (0.66)* -0.13 (0.35)

Change in pain at rest (NRS), mean (±) -0.06 (0,24) 0 (0)

Change in the Lequesne index, mean (±) -0.68 (0.71)* -0.17 (0.36)

Change in use of analgesics, mean (±) -17.31 (23,68) -3.09 (10.25)

Improvement in subjective range of movement, N (%) 6 (35.3) 2 (13.3)

Improvement in objective range of movement, degree (%) 2.35 (4.37) 0.67 (2.58)

*p=0.0001Tab. 2 Primary and secondary endpoints.

Characteristic Orthosis group Control group

Female (%) 12 (70.6) 10 (66.7)

Age, mean (±) 69.53 (9.91) 70.07 (12.26)

BMI, mean (±) 26.82 (1.83) 26.48 (2.01)

Left knee affected (%) 7 (41.25) 9 (66.0)

Lateral osteoarthritis of the left knee grade 3 (%) 2 (11.8) 0

Lateral osteoarthritis of the right knee grade 3 (%) 0 1 (6.7)

Lateral osteoarthritis of the left knee grade 2 (%) 0 1 (6.7)

Lateral osteoarthritis of the right knee grade 2 (%) 2 (11.8) 2 (13.3)

Medial osteoarthritis of the left knee grade 3 (%) 3 (17.6) 7 (46.7)

Medial osteoarthritis of the right knee grade 3 (%) 4 (23.5) 1 (6.7)

Medial osteoarthritis of the left knee grade 2 (%) 2 (11.8) 1 (6.7)

Medial osteoarthritis of the right knee grade 2 (%) 4 (23.5) 2 (13.3)

Pain-free walking distance,mean (±) 2.71 (1.39) 2.87 (1.55)

Pain on loading (30-min. walk, NRS), mean (±) 4.71 (0.99) 4.20 (0.56)

Pain at rest (NRS), mean (±) 1.59 (1.0) 2.0 (0.93)

Lequesne index, mean (±) 7.62 (3.24) 8.43 (3.58)

Use of analgesics, N (%) 13 (76.47) 11 (73.34)

Objective range of movement, degree (±) 105.29 (11.25) 104.0 (11.83)

Tab. 1 Basic characteristics.
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effect on pain, walking distance and 
physical functions than the standard 
treatment from the patient perspec- 
tive as well. The Lequesne index allowed 
the individual health status and the 
patient‘s view of the treatment results 
to be assessed [12]. This index is widely 
used around the world and is recom-
mended by the World Health Organi-
zation (WHO) to measure outcomes of 
knee diseases [14]. Since the Lequesne 
index measures the duration, but not 
the intensity of pain, and measures wal-
king distances only up to one kilometre, 
pain was assessed in this study using the 
numerical rating scale and the walking 
distance was measured separately.

Although the improvement in the 
range of movement was not the primary 
goal of the orthosis, the increase in 
mobility appeared at least subjectively 
to improve the range of movement as 
well. Due to the gradual increase in  
unloading of the osteoarthritic com-

partment during follow-up, the patients 
learned to estimate the correlation be-
tween pain relief, the pain-free walking 
distance and corrective compression of 
the tension straps. Providing compre-
hensive information to the patient and re-
adjusting the orthosis were basic require- 
ments for acceptance of the orthosis.

The results of this method were that 
it ensured easy, correct and safe use of 
the orthosis. No intolerable pressure 
from the metal bar occurred in any of 
the patients that they could not correct 
themselves immediately. There was no 
constriction at the back of the knee or 
skin irritation where the orthosis came 
into contact with the patient‘s skin.

Conclusion
Wearing the „Genu OA“ orthosis had 
a significantly superior effect on pain, 
walking distance and physical functions 
compared with standard treatment and 

thus on aspects that ultimately have a 
positive effect on the quality of life and 
independence of patients. In addition 
to a good corrective effect, the orthosis 
is also comfortable to wear, is easy to 
handle, can be applied quickly and can 
be worn under clothing or for sports. 
In addition, it can be individually ad-
justed. The orthosis is thus suitable for 
independent use by the intended users 
in a domestic setting.

This randomised comparative study 
suggests a need for further high-quality 
clinical trials over a longer observation 
period to prove evidence of the long-
term benefit of valgus/varus orthoses.

For the authors:
Dr. med. Michael Benning
Friedrich-Wilhelm-Platz 5/6
52062 Aachen, Germany
m.benning@exinmo.de

Reviewed paper

6


