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 To examine the effects of wearing a flexible knee orthosis (FKO) on the lateral thrust in 
patients with knee osteoarthritis (OA) by changing the wearing pressure. This study was a 
cross-sectional study. Thirteen patients (mean age: 82.8 ± 7.5years with Kellgren Lawrence 
Stages I and II knee OA were included and prescribed FKO. Patient with osteoarthritis of 
the knee was attending outpatient rehabilitation. Using a wireless 3-axis accelerometer, we 
analyzed the lateral thrust in the proximal lower leg during walking (10 m) with the knee 
orthosis under different wearing pressures (without orthosis, using “standard force” of 
application, and using “tight force”). The peak values in the outward direction of the gait 
cycle over the three experimental conditions were selected for analysis. The mean values 
for patients with K-L stages I and II were calculated and compared. We found that “tight 
force,” i.e., tightening the hook-and-loop fastener of the knee orthosis to its maximum, 
resulted in significantly lower lateral thrust compared to the absence of an orthosis. The 
effect was more pronounced in K-L Stage II patients. Our findings confirm that increasing 
the wearing pressure of the knee orthosis reduces lateral thrust in patients with knee OA. 
In Stage 1, the lateral thrust could be suppressed by the “standard force,” but the lateral 
thrust in “Stage 2” required “tight force” to be suppressed. Knee orthosis for knee 
osteoarthritis were found to have the potential to inhibit lateral thrust. 
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1. Introduction 

Knee osteoarthritis (OA) is a degenerative disease of the knee 
joint that affects the joint tissues, such as articular cartilage, 
meniscus, and ligaments [1-3]. Once the joint degeneration 
commences, 30% of the healthy knee joint structures will be 
affected within two years, while 90% of joints is affected within 
the next 11 years [4].  

Based on the compartment affected, the disease is classified 
into medial, lateral, patellar, and total variety [5]. In the Japanese 
population, 90% of all OA patients have medial compartment OA 
with an internal deformity [6], which involves impairment of the 
periarticular ligaments and other supporting tissues, resulting in a 
lateral sway of the joint. Consequently, a lateral thrust is observed 
during walking as the outside of the knee is pushed laterally 
(Figure 1) [7, 8].  

 
Figure 1: Schematic diagram of lateral thrust in an osteoarthritic knee during 

walking 
The mechanical stress of repeated postures and movements in 

daily life is a crucial factor triggering disease onset [9]. 
Accordingly, a flexible knee orthosis (FKO) made of elastic 
materials is often used to counter these mechanical stresses. The 
FKO comes in a wide range of shapes, including those with bands 
and struts for alignment and knee stabilization. While flexible 
orthosis is not as supportive and does not provide as much 
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corrective force as rigid knee orthosis, it is widely used by OA 
patients because it is inexpensive, lightweight, and easy to install 
[10]. 

It has been reported that wearing FKO reduces the knee varus 
moment, suggesting its role in suppressing lateral thrust [11]. 
Additionally, the FKO covers the entire knee, compressing and 
stimulating the periarticularis muscles of the knee joint. Therefore, 
the effect of external pressure tightness may be responsible for 
restricting abnormal motion and reducing the pain.  

Previous studies have shown that wearing FKO suppresses the 
lateral thrust [11]. However, the effects of a change in wearing 
pressure have not been elucidated. There is evidence to support 
that muscle activity is improved by increasing the wearing pressure 
of the orthosis [12]. Therefore, the pressure exerted by the orthosis 
may affect muscle activity to correct deformity and lower limb 
alignment, thereby improving knee stability and controlling 
abnormal motion.  The orthosis can limit abnormal motion in the 
initial disease to reduce pain and support stability. Accordingly, by 
increasing the wearing pressure of FKO, the knee joint may 
become relatively fixed, restricting abnormal movements and 
leading to pain. 

Therefore, the current study investigated whether FKO with 
different wearing pressures can affect the lateral thrust in patients 
with knee OA. 

2. Materials and methods 

2.1 Research Participants  

We included 13 patients with knee OA. The severity of knee 
OA was determined using the radiological Kellgren Lawrence (K-
L) classification index [13], according to which, nine patients 
belonged to Stage I and four patients had a Stage II disease with 
mild varus deformity. Patients who had hip and ankle other 
orthopedic diseases and symptoms, or those who had resting pain 
or tumor in the acute phase. were excluded from the study. This is 
because those symptoms could affect gait. Controls and 
interventions were provided to all13 patients. The study was 
conducted as per the Declaration of Helsinki and was approved by 
the Research Ethics Committee of the Sakura Juji Fukuoka 
Hospital, Japan (Approval ID: 2021070501). The purpose and 
methods of the study were explained to the research participants. 
Consent to participate in the study was obtained in writing. 

2.2 Measurements 

To measure the lateral thrust, a wireless 3-axis accelerometer 
(Q's TAG; Sumitomo Electric Industries, Ltd., Konohana-ku, 
Japan.) was used. The device allowed for measuring the knee joint 
external deflection angle during walking without affecting the 
patient’s gait since the accelerometer is small and lightweight (41 
× 41 × 14.5 mm3 and 15 g, respectively). The accelerometer was 
fixed to the fibular head (less affected by soft tissue-related 
artifacts) of the affected limb using Velcro in a standing position 
(Figure 2). At a sampling frequency of 200 Hz, the acquired data 
were wirelessly fed into a personal computer via Bluetooth. 
Patients were asked to walk for 10 m at a comfortable pace. Using 
Ogata’s method [14], a sudden acceleration change in the outward 
direction at the beginning of the stance was defined as lateral 
thrust; accordingly, the peak value of outward direction of the 
during walking was used for analysis. 

 
Figure 2: Placement of the accelerometer on the fibular head of the affected limb 

An open-type FKO (Facilitated Supporter: (Nippon Sigma 
Max Co, Ltd., Shinjuku-ku, Japan) was given to all patients 
(Figure 3). The orthosis size was indexed by the length around the 
thigh–0.1 m above the center of the patella. A numerical size close 
to the median of the orthosis was used. The following three 
experimental conditions were implemented: (1) the participant did 
not wear the orthosis (hereafter, “control”), (2) the orthosis was 
fastened with appropriate force (“standard force” condition), and 
(3) the orthosis was fastened with a fully tightened hook-and-loop 
fastener (“tight force” condition). The appropriate force meant the 
force applied to achieve a comfortable and firm fit. All fittings 
were undertaken by a single physical therapist. All measurements 
were performed once for each research participants (Figure 4). 

 
Figure 3: Flexible knee orthosis 

 
a                                            b                                            c 

Figure 4: Different wearing pressures of the orthosis. 

a: the participant did not wear the orthosis 

b: the orthosis was fastened with appropriate force 

c: the orthosis was fastened with a fully tightened hook-and-loop fastener 
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The wearing pressure of the orthotics was measured using an 
airbag-type pressure sensor “Palm Q” (manufactured by Cape, 
Ltd., Osaka, Japan). According to Laplace’s law [15], the wearing 
pressure exerted on the lower limb is directly proportional to the 
tension generated from the orthotics applied to the curved surface 
of the lower limb. The center of the pressure sensor (10 cm2) was 
set to be 5 cm above the center of the patella, and the orthosis was 
attached on the sensor (Figure 5). 

 
Figure 5: Palm Q sticking position. 

The heel contact period was identified through vertical impact 
acceleration; one gait cycle was analyzed for statistical analysis 
(Figure 6, 7). The peak values in the outward direction of the gait 
cycle over the three experimental conditions were selected for 
analysis. Comparisons among the three experimental conditions 
were performed using the Friedman test and Tukey's method. The 
JSTAT for Windows was used as the statistical software, and the 
significance level was set to 5%. The mean values for patients with 
K-L stages I and II were calculated and compared. 

 
Figure 6: Measuring scenery 

 
Figure 7: Schematic diagram of measuring scenery 

3. Results 

We included 13 patients with knee OA (6 males and 7 females) 
with a mean age of 82.8 ± 7.5 years (height: 156.0 ± 11.8 cm, 
weight: 53.2 ± 11.0 kg, and body mass index: 21.7 ± 2.3 kg/m2). 

The wearing pressures were 14.3 mmHg, 41.2 mmHg for the 
Standard force, Tight force, respectively (Figure 8). 

 
Figure 8: Comparison of wearing pressure 

Conducted to quantify wearing pressure. All fittings were 
undertaken by a single physical therapist. 

Table 1 shows the experimental results. Accordingly, our 
findings showed that the tight pressure condition promoted a 
significantly lower lateral thrust was significantly compared to the 
not wearing condition.   Moreover, the lateral thrust was reduced 
by wearing a knee orthosis, and the lateral thrust tended to be 
further suppressed by increasing the wearing pressure (Table.1). 

The mean values for lateral thrust detected in patients with 
Stages I and II OA are shown in Tables 2 and 3, respectively. 
Without the knee orthosis, lateral thrust was 15.3 m/s2, but with 
the knee orthosis, it decreased to 11.6 m/s2 in Stage I and 11.7 
m/s2 in Stage II. In Stage I patients, the lateral thrust tended to 
decrease when the patient wore the orthosis (Table 2). Regarding 
the wearing pressure, there was no difference between different 
wearing pressures. 

In Stage II patients, the lateral thrust was suppressed in the 
“tight force” condition compared to the “control” and “standard 
force” conditions (Table 3). Without the knee orthosis, lateral 
thrust was 17.2 m/s2, but with the knee orthosis, it decreased to 
16.6 m/s2 in Stage I and 13.5 m/s2 in Stage II. Additionally, we 
observed that the more severe the disease, the more the lateral 
thrust, which was true for all conditions. In Stage 1, the lateral 
thrust could be suppressed by the “standard force,” but the lateral 
thrust in “Stage 2” required “tight force” to be suppressed.  

Table. 1. Results of lateral thrust measured in patients with Stage I and Ⅱ 
osteoarthritis. 

 

all values are mean ± standard deviation; units: m/s2 

*：p<0.05（vs Control） 

lateral thrust
          Control 15.9±5.2
          Standard force 13.1±5.5
          Tight force 12.2±5.0*
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Table 2. Results of lateral thrust measured in patients with Stage I osteoarthritis. 

 
all values are mean ± standard deviation; units: m/s2 

Table 3. Results of lateral thrust measured in patients with Stage II osteoarthritis 

 

all values are mean ± standard deviation; units: m/s2 

4. Discussion 

We found that the overall lateral thrust was reduced by using 
knee orthosis and was further reduced when the wearing pressure 
was increased. Furthermore, there was a significant difference 
between the “Tight force” condition as compared to the “Control” 
condition. 

This reduction in lateral thrust during walking while donning 
FKO can be attributed to the improved fixation of the knee joint as 
well as the suppression of abnormal joint movement. Orthoses 
compensate for joint instability and abnormal movements caused 
by degenerated or damaged joint structures by providing external 
support to the joint [16]. The underlying objective is to reproduce 
the physiological movement of the joint as much as possible and 
prevent further damage to the joint structure [16]. Therefore, 
wearing a knee orthosis suppresses the lateral thrust to reduce the 
abnormal loading of the medial joint surface in the knee and the 
resultant pain and prevent disease progression [17]. 

Additionally, we observed that increasing the wearing pressure 
tends to suppress lateral propulsion which is probably influenced 
by the output of muscles around the knee joint. In a previous study, 
pressure stimulation changed rectus femoris muscle activity and 
knee angle improved jumping movements [18, 19]. Likewise, a 
study comparing muscle strength when wearing knee orthosis at 
different wearing pressures reported that with increments in the 
wearing pressure, the muscle output of the knee joint muscles 
increased and played an auxiliary role [20]. This is thought to be 
due to the fact that effective pressure stimulation is involved in 
suppressing muscle tone and promoting muscle flexibility [21]. A 
possible explanation is that the strongly stretched orthotic device 
works as an adjunct to the extensor muscle of the knee joint, i.e., 
the quadriceps [22]. Therefore, compared to the “standard force” 
condition, the “tight force” condition can better promote restrained 
abnormal movements, besides fixation of joint, which was also 
observed in our study. 

There were certain limitations to the study results. The joint 
angle and muscle output were not measured; for this purpose, we 
plan to simultaneously measure knee joint movement and muscle 
power using a three-dimensional motion capture system and 
electromyography to correlate the effects of joint angle and muscle 
activity. Also, the patients were patients with mild knee OA (K-L 
Stages I and II); accordingly, differences in the severity of knee 
OA and internal and external deformities could not be localized. In 

Stage I patients, wearing the orthosis tended to suppress the lateral 
thrust but the effect of wearing pressure was very small. Likewise, 
in Stage II patients, the wearing pressure of the “standard force” 
condition was insufficient to suppress the lateral thrust, and a “tight 
force” may be necessary. These findings support the concept that 
the greater the disease severity, the more lateral thrust, and that the 
patients of stages I and Stage II show different trends. In recent 
years, it has been reported that pain emerges from early Stage 0 
and Stage I knee OA, for which prevention has been emphasized, 
and some reports have defined Stage II and later as knee OA [23, 
24]. Correspondingly, a greater lateral thrust was observed in Stage 
II than in Stage I. Therefore, it is conceivable that there is a need 
for stronger wearing pressure in Stage II. Accordingly, there is a 
need to increase the wearing pressure for knee OA patients based 
on their disease severity. The highest compression pressure a 
patient can tolerate is a maximum of 60 mmHg [25]. Compression 
stimulation of 30-50 mmHg decreases muscle stiffness and 
promotes flexibility [21]. Furthermore, regarding cell activation, it 
has been reported that the application of 30-40 mmHg of 
compression causes cell phosphorylation and promotes capillary 
dilation [26]. Therefore, the wearing pressure should be set at 
about 40 mmHg. However, the generalizability of our results is 
limited because of the small number of patients included. Future 
studies must include patients with varying degrees of disease 
severity. 

5. Conclusion 

The current study analyzed the lateral thrust in patients with 
knee OA during walking using FKO with different wearing 
pressures. We found that increased wearing pressure reduced the 
lateral thrust during walking, more so in patients with K-L Stage 
II OA. However, this study is limited in referring to the severity of 
knee osteoarthritis and the differences in internal and external 
deformities because they were not localized. For further research, 
we plan to simultaneously measure knee joint movement and 
muscle power to elucidate the reasons for lateral thrust reduction. 
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