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Knee osteoarthritis is the most common degenerative bone and joint disease in the middle-aged and 
elderly. Here, we compared the diverse formulations of sports intensity and pharmaceutical selection for 
knee osteoarthritis patients. In this study, we compared and analyzed the differences and characteristics of 
lower limb joint kinematics, dynamics and muscle contraction function of knee osteoarthritis patients when 
walking at different speeds and the ones taking pharmaceutical selection including oral non-steroidal anti-
inflammatory drugs as well as topical capsaicin, so as to explore the impact of walking speed and drugs on 
the walking ability of knee osteoarthritis patients. 16 patients with left knee osteoarthritis and 16 patients 
with right knee osteoarthritis were selected and were grouped for different walking speed; 8 subjects were 
given oral non-steroidal anti-inflammatory drugs and 8 subjects were given topical capsaicin. Kistler three-
dimensional dynamometer, Noraxon surface electromyography and Qualisys infrared three-dimensional 
motion analysis were used to record the gait parameters. Compared with walking at low speed, normal 
walking speed significantly increased the knee maximum flexion angle. For dynamic parameters, the lowest 
value of first peak knee adduction moment presented in normal speed patients and there was also significant 
difference between groups for hip flexion torque (p=0.014), the first peak of knee adduction torque (p=0.043) 
and knee flexion torque (p=0.040). For the electromyographic parameters, in the early period of support, the 
speed of the lower extremity rectus femoris (p=0.001), anterior tibial muscle (p=0.016), lateral femur muscle 
(p=0.040) and the average amplitude of electromyography were not equal for distinct groups. We found that 
the outcome of kinematics parameters for oral non-steroidal anti-inflammatory drug was greatly higher than 
topical capsaicin. The research conclusion will provide important scientific basis and theoretical support for 
knee osteoarthritis population to conduct walking exercise scientifically and reasonably.
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With the deepening trend of social aging, more 
and more senile diseases need to be paid attention. 
Knee Osteoarthritis (KOA) is the most common 
degenerative bone and joint disease in the middle-
aged and elderly[1]. Due to joint pain, swelling, 
deformity and other reasons, KOA patients have 
limited mobility, which not only seriously affects 
their quality of life, but also leads to a significant 
increase in the incidence of cardiovascular events 
and all-cause mortality[2,3]. Therefore, the prevention 
and treatment of KOA is particularly important.

Exercise therapy is an active means to prevent 
and treat KOA[4]. By increasing muscle strength, 
improving endurance, improving and maintaining 
joint function, exercise can effectively delay the 

progress of disease and improve the quality of life 
of patients[5]. Although the exercise training for 
KOA patients should be particularly careful in terms 
of intensity, formulation selection, etc., which still 
needs more research and demonstration. Exercise 
therapy has been recommended as one of the basic 
treatment methods in the guidelines for the diagnosis 
and treatment of osteoarthritis at home and abroad[6]. 
Walking exercise is a common form of exercise 
for KOA patients[7], which is convenient and easy 
to control exercise intensity. However, due to the 
destruction of articular cartilage and the decline of 
lower limb muscle function and other obstacles, 
changes in exercise intensity and exercise volume 
during walking of KOA patients are very likely to 
cause problems such as excessive joint load and 
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abnormal stress distribution, thus increasing the risk 
of disease deterioration[8]. Walking speed not only 
determines the intensity of walking exercise, affects 
the amount of exercise, but also is an important factor 
to change the load of lower limb joints. The change 
of walking speed can be the active adjustment of the 
human body to cope with different needs or it can 
be the passive compensation when the body structure 
is damaged. Therefore, walking speed is also one of 
the important indicators reflecting walking ability. 
Many studies have shown that the walking speed of 
KOA patients decreases, which is considered as a 
compensatory reaction to reduce joint load[9].

Except for physical approaches, a variety of 
pharmacologic agents have been also recommended 
for KOA patients, including oral Non-Steroidal Anti-
Inflammatory Drugs (NSAIDs) and topical capsaicin. 
A large number of trials have established their short-
term efficacy[10]. 

Based on the fact of rapid increasing population 
of KOA patients, the best treatment approach is 
uncertain yet. Therefore, this study shows the impact 
of the KOA population of various key factors, to 
compare and analyze the differences between diverse 
formulations of sports intensity and pharmaceutical 
selection. The conclusion of this study will provide 
scientific basis and theoretical support for KOA 
people to walk scientifically and rationally.

MATERIALS AND METHODS
Subjects:

32 KOA patients with chronic KOA were recruited 
through various sources (medical site recruitment, 
media publicity, health lectures, etc.). According to 
the following standards, all were unilateral patients, 
16 patients with left KOA and 16 patients with right 
KOA, aged 55-65 y old[11].

Screening criteria: Subjects aged>55 y were 
screened according to the KOA diagnostic criteria of 
United States College of Rheumatology and patients 
with Kellgren-Lawrence (KL) grade II or III. If that 
patient did not take analgesics within 1 mo[12,13], 
the same orthopedic surgeon should carry out the 
corresponding clinical grading according to the 
medical record of the third-class hospital presented 
by the patient, in combination with the X-ray film 
taken by the hospital when seeing a doctor and the 
diagnosis report thereof.

Exclusion criteria: Patients with the following 

conditions were excluded from this study. Patients 
with secondary KOA; those who need crutches for 
walking; patients who have been injected analgesics 
into articular cavity in the past 3 mo; hypertension 
and hyperglycemia are difficult to control; patients 
with lumbar diseases and plantar diseases; patients 
who had knee or hip surgery or fracture of lower 
limb in the past 3 mo; obese (Body Mass Index 
(BMI)>28 kg/m2) and allergy to oral NSAID and 
topical capsaicin. Basic information of subjects was 
shown in Table 1.

Administration of pharmacologic agents:

16 subjects were grouped for different walking 
speed. 8 subjects were given oral NSAID (celecoxib, 
100 mg twice a day, Pfizer Inc.) and 8 subjects were 
given topical capsaicin (100 mg twice a day, Pfizer 
Inc.), respectively.

Experimental methods:

Kistler three-Dimensional (3D) dynamometer, 
Noraxon surface Electromyography (EMG) and 
Qualisys infrared three-dimensional motion analysis 
were used to record the gait parameters of KOA 
patients during walking at different speeds[14].

Morphological index measurement:

According to the testing method in practical 
physique, the same experimenter adopts the height 
and weight measuring instrument in the national 
physique monitoring instrument to collect the data of 
subject’s height and weight.

Gait test:

The experiment was carried out in the biomechanics 
laboratory of the university[15,16]. The subjects were 
tested with walking speed at 8×1.2 meters. The 
Kistler 3D dynamometer was positioned in the 
middle of the channel. The Qualisys OQUS300+ 
series optical motion capture system (8 cameras) was 
placed in 8 corners, allowing it to cover the entire 
walkway. Qualisys with a synchronous interface, the 
force platform, surface EMG and 3D infrared motion 
capture system for synchronous acquisition. 

The normal speed (1.02±0.08 m/s) is the comfortable 
walking speed selected by the subject and the slow 
speed (0.90±0.07 m/s) and fast speed (1.14±0.09 
m/s) are 15 % slower and faster than their normal 
walking speed respectively. The subjects without 
drug treatment undertook different speeds while 
the subjects with drug treatment undertook normal 
speed.
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Statistical analysis:

Statistical Package for the Social Sciences (SPSS) 
22.0 software was used to analyze and test the 
obtained experimental data. The differences of each 
test index of the two walking forms were tested 
and compared by the paired sample t-test and the 
multivariate variances were measured repeatedly 
to analyze the discrepancies of each test index 
under the three-phase asynchronous velocities. The 
significance level was determined as p<0.05.

RESULTS AND DISCUSSION
Comparison of kinematics parameters under 
different speeds and pharmaceutical treatment was 
shown in fig. 1. Compared with walking at low 
speed, normal walking speed significantly increased 
the knee maximum flexion angle. The high speed 
walking exhibited the maximal flexion angle, which 
was similar to NSAID treatment (fig. 1A). The 
topical capsaicin treatment was relatively lower for 
knee maximum flexion angle. On the other hand, 
the maximum extension angle of patients with 
pharmaceutical treatment was significantly greater 
than that with exercises and the low speed exercise 
patients were lowest in first peak knee adduction 
moment (fig. 1B).
There were also remarkable differences for other 
kinematics parameters between distinct groups i.e. 
walking frequency (p=0.000), step length (p=0.026), 
duration of bipedal support (p=0.013) and total 
duration of support (p=0.000). 
Comparison of dynamic parameters under different 
speeds and pharmaceutical treatment was shown in 
fig. 2A and fig. 2B. For dynamic parameters, the 
lowest value of first peak knee adduction moment is 
presented in normal speed patients. While, both slow 
and fast speed enhanced the first peak knee adduction 
moment significantly. At the same time, both NSAID 
and topical capsaicin treatment increased the results 
of first peak knee adduction moment. The second 
peak knee adduction moment demonstrated the 
similar pattern with the first peak knee adduction 
moment and there was also significant difference 
between groups for hip flexion torque (p=0.014), the 
first peak of knee adduction torque (p=0.043) and 
knee flexion torque (p=0.040).

Comparison of electromyographic parameters under 
different speeds and pharmaceutical treatment was 
shown in fig. 3A-fig. 3C. For the electromyographic 
parameters, in the early period of support, the speed 
of the lower extremity rectus femoris (p=0.001), 
anterior tibial muscle (p=0.016), lateral femur 
muscle (p=0.040) and the average amplitude of EMG 
were not equal for distinct groups. To be specific, the 
average amplitude of the rectus femoris muscle in 
the fast walking was greater than that in the normal 
walking; the average amplitude of the anterior tibial 
muscle in the normal walking was greater than that in 
the slow walking. Both NSAID and topical capsaicin 
treatment increased the results of amplitude of the 
rectus femoris. At the same time, there are remarkable 
differences for the lateral femoris muscle among 
distinct groups. The overall tendency of amplitude 
of vastus medialis was similar to rectus femoris. 
However, there was no significant difference between 
slow speed and normal speed. There was no evident 
difference in the mean amplitude of EMG between 
normal speed and slow speed.
Comparison of NSAID and topical capsaicin for 
other aspects was shown in fig. 4. Both oral NSAID 
and topical capsaicin are primary recommended 
approaches for KOA patients. However, still there 
is lack of systematical comparison of them for the 
disorder yet. To this end, here we sought to compare 
them from three aspects (kinematics parameters, 
dynamic parameters and electromyographic 
parameters) in detail. The flexion extension range 
was considered as a representative for kinematics 
parameters, abduction moment was considered as 
a representative for dynamic parameters and the 
average amplitude of anterior tibial muscle was 
considered as a representative for electromyographic 
parameters. 
As shown in fig. 4, the outcome of kinematics 
parameters for oral NSAID was greatly higher 
than topical capsaicin. Inversely, the results of 
electromyographic parameters in KOA patients 
taking topical capsaicin were significantly greater 
than KOA patients using oral NSAID. There was 
no remarkable difference for dynamic parameters 
between two groups of KOA patients.

Sample size Age (y) Height (cm) Weight (kg) BMI (kg/m2)

32 (male: 14; female: 18) 60.33±3.65 165.3±6.58 66.26±8.04 24.24±3.41

TABLE 1: BASIC INFORMATION OF SUBJECTS
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Fig. 1: Comparison of kinematics parameters under different speeds and pharmaceutical treatment
Note: (A) The maximal flexion angle and (B) Maximum extension angle of KOA patients at different speeds as well as oral NSAID and topical 
capsaicin treatment, *p<0.05 compared with KOA patient at slow speed

Fig. 2: Comparison of dynamic parameters under different speeds and pharmaceutical treatment
Note: (A) The first peak knee adduction moment and (B) The second peak knee adduction moment of KOA patients at different speeds as well as 
oral NSAID and topical capsaicin treatment, *p<0.05 compared with KOA patient at slow speed
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Fig. 3: Comparison of electromyographic parameters under different speeds and pharmaceutical treatment 
Note: (A) The average amplitude of rectus femoris and (B) The average amplitude of vastus medialis and (C) The average amplitude of vastus 
lateralis for KOA patients at different speeds with oral NSAID and topical capsaicin treatment, *p<0.05 compared with KOA patient at slow speed

Fig. 4: Comparison of NSAID and topical capsaicin for other aspects 
Note: The kinematics, dynamic and electromyographic parameters were investigated for oral NSAID and topical capsaicin treatment, (  ) NSAID 
and (  ) Topical capsaicin *p<0.05 compared with KOA patient taking oral NSAID
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Based on the results of this study, we can find that 
the walking speed is an important factor affecting the 
movement of lower limb joints and muscles in KOA 
patients. However, the influence of different speeds 
on related gait parameters is not the same. Compared 
with walking at slow speed, KOA patients have 
better adaptability to the change of walking speed 
and they did a better performance at faster speed 
for kinematics parameters and electromyographic 
parameters, which was consistent with previously 
reported[17-19]. However, fast speed is beneficial 
for KOA patients at all three respects including 
kinematics parameters, dynamic parameters as well 
as electromyographic parameters, Moreover, in all 
the three entries, the fast speed training exercise is 
comparable with oral NSAID and topical capsaicin 
administration, suggesting an efficient physical 
replacement for medical approach.

In normal walking, KOA patients mainly improve 
walking speed by increasing walking frequency and 
shortening supporting time[20,21]. Compared with the 
normal speed, the first peak of knee adduction torque 
in the strut period did not increase when walking at a 
fast pace 15 % higher than normal speed, but it may 
be necessary to compensate the lower limb load by 
increasing the abduction moment of hip and knee. 
Although some muscle activities of lower limbs are 
enhanced during rapid general walking, the impact 
on lower limb load should be considered in order to 
increase the walking speed and increase the exercise 
intensity. When walking at a pace 15 % lower than 
the normal walking speed, the lower limb torque of 
KOA patients reduced, which has the advantage of 
reducing the load on the lower limb and the degree of 
muscle contraction is not weakened by the reduction 
of the walking speed. The reduction of speed may not 
be conducive to the improvement of physical activity 
level in patients with KOA.

When we observed the KOA patient with oral 
NSAID and topical capsaicin treatment, they clearly 
exhibited overall outcomes similar to the patient 
with increased step frequency, increased step length 
and shortened supporting time, which is closer to the 
changes in the temporal and spatial parameters of 
the gait of normal people. Compared with walking 
with physical training, pharmacologic method can 
mobilize more muscle activities and have more 
obvious advantages for muscle training. For them, 
the first peak of adductive torque is significantly 
increased and the ranges of hip and knee extension 
reduced, the torque decreased and the degree of 

muscle contraction did not change too much. It has 
the advantage of better reducing the load of lower 
limbs without affecting the lower limbs muscles, 
which is similar to previously reported[22-24].

Even popularly used in clinic, there is still missing 
an in-depth comparison of oral NSAID and topical 
capsaicin for KOA patients. Here, we could show 
that oral NSAID and topical capsaicin were not 
equally functional for KOA patients. The treatment 
of oral NSAID played an important role in kinematics 
parameters but not in electromyographic parameters 
for KOA patient while, both chemical drugs were 
equally useful for dynamic parameters of KOA 
patients. When we looked at the results in detail, we 
found that the first peak of adductive moment of the 
knee joint during the topical capsaicin was lower 
than that of oral NSAID and the topical capsaicin had 
less impact on the lower limb load of KOA patients. 
All in all, these might suggested that oral NSAID 
approach not only fitted the needs of KOA patients, 
but also had a greater tolerance to adjust the exercise 
intensity. Overall, our study here systematically 
compared the advantages and disadvantages of 
physical exercises and distinct pharmacologic 
treatments. All the results here provided several 
beneficial hints for future clinical selections of KOA 
patients.
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