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Original Article
Effects of exercise therapy for knee osteoarthritis
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Abstract: Objective: The aim of this study was to evaluate the effects of exercise therapy for knee osteoarthritis.
Methods: A total of 100 patients with knee osteoarthritis were enrolled in this study, diagnosed in Nanjing Univer-
sity of Chinese Medicine, from January 2015 to June 2017. All patients were randomly divided into an observation
group (50 cases) and control group (50 cases). Patients in the observation group were given exercise therapy for 12
weeks, while patients in the control group were given simple quadriceps femoris training for 12 weeks. After treat-
ment, patients in both groups were followed up for 6 months. WOMAC scores, gait parameters, and recurrence rates
were compared between the two groups. Results: There were no statistical differences in WOMAC scores between
the two groups before intervention (P=0.109). After intervention, WOMAC scores were reduced in both groups com-
pared to before intervention. WOMAC scores of the observation group were significantly lower than the control group
(P=0.019). There were no statistical differences in gait parameters of the two groups before intervention, including
step length (P=0.288), step frequency (P=0.396), step width (P=0.519), step angle (P=0.331), total support phase
(P=0.699), and swing (P=0.190). After intervention, step length, step frequency, total support phase, and swing
were significantly improved in the observation group compared to before intervention (P=0.019, P=0.030, P=0.026,
P=0.031, respectively). Moreover, step length, step frequency, total support phase, and swing phase were signifi-
cantly better than those of the control group, (P=0.016, P=0.021, P=0.040, P=0.033, respectively). In the control
group, only total support phase was significantly improved compared to before intervention (P=0.031). In addition,
during the 6-month follow up period, recurrence rates of the observation group were significantly lower than the
control group (P=0.001). Conclusion: Exercise therapy can effectively improve clinical symptoms and joint function
of knee osteoarthritis, while reducing recurrence rates.
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Introduction Exercise therapy can enhance muscle streng-
th and joint activity around the knee, promot-

Osteoarthritis (osteoarthritis, OA) is a kind of ing the recovery of sensation through active

articular cartilage damage of chronic joint dis-
ease with high incidence in the elderly [1]. The
highest incidence of OA, incidence of knee
osteoarthritis was 15.6% and increased in the
elderly population in China [2, 3]. Main patho-
logical features of knee osteoarthritis include
degeneration of articular cartilage and perios-
teum, proliferation of articular capsule, synovi-
um, and bone, and relaxation and spasm of lig-
aments and muscles around joints [4, 5].
Clinical manifestations include swelling of the
joints, joint pain, limited activity, and even anky-
loses. Therefore, based on clinical significance,
it is important to strengthen prevention and
treatment of knee osteoarthritis.

or passive movement. Previous studies have
shown that exercise therapy is a simple and
convenient training method that can impro-
ve clinical symptoms of knee osteoarthritis,
promote recovery of joint function, and redu-
ce recurrence rates [6, 7]. In addition, the
combination of drug and non-drug therapy has
been recommended as a treatment for oste-
oarthritis [8]. However, evaluation of the th-
erapeutic effects of osteoarthritis has mainly
been based on subjective complaints and
subjective feelings of the patients. Thus, there
is an urgent need for more effective objec-
tive evaluation indexes which can improve
accuracy.
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Table 1. Clinical characteristics of the two groups

2015 to June 2017. All patients

Clinical characteristics ~ Observation group Control group

P were randomly divided into two

Age (years old) 56.3+13.9 58.1+14.6
Gender (male/female, n) 13/37 11/39
BMI (kg/m?) 24.3+3.6 23.9+3.3
Injured positon (n)

Left knee 11 10

Right knee 13 19

Both knees 26 21
Grading of X-ray (n)

I 9 12

Il 21 20

I 20 18

groups (observation group and

0.390
0.639 control group, n=50 cases/group).
’ As shown in Table 1, there were
0.691

no statistical differences in clinical
0.426 data between the two groups (P>
0.05). This study was approved by
the Ethics Committee of Nanjing
University of Chinese Medicine. All
0.757 patients provided informed consent
before the start of the study.

Methods

Table 2. WOMAC score evaluation of the two groups before

and after intervention

For the observation group, patients
were given exercise therapy, includ-
ing supine leg training, prone leg
training, supine tensile stretch train-

After intervention

ing, and sitting tensile stretch train-

Group Before intervention
Observation group 67.31+25.16
Control group 68.01+23.63

28.16+13.29"*
46.09+£18.81"

ing [6, 7]. For the control group,
patients were only given quadriceps

Note: “P < 0.05 compared with before intervention, P < 0.05 compared

with the control group at the same time point.

In recent years, exercise therapy has been car-
ried out for knee osteoarthritis patients, adopt-
ing the subjective and objective evaluation
index to evaluate effects of exercise therapy on
knee osteoarthritis.

Materials and methods
Patient enrollment

Inclusion criteria were: (A) Patients in line with
diagnostic criteria of knee osteoarthritis ac-
cording to guidelines for osteoarthritis (2007
Edition); (B) Patients with conditions improv-
ing and reaching discharge standards; (C)
Patients aged < 75 years old; and (D) Patients
with grade O-IIl (X-ray). Exclusion criteria were:
(A) Patients with knee joint diseases affect-
ing normal gait (such as tuberculosis of knee
joint and knee joint infections, rheumatism,
rheumatoid arthritis and gout, and knee tu-
mors); (B) Patients with knee, ankle, and foot
deformities; and (C) Patients with severe car-
diovascular and nervous system diseases that
affect normal gait.

A total of 100 patients with knee osteoarthritis
were enrolled in this study, diagnosed in Nanjing
University of Chinese Medicine, from January
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femoris training.

Continuous 3 times training was

considered as one set and the int-
erval between two sets was 2 minutes. Pati-
ents in the two groups were trained every day.
Training started from the affected limb or
severe side. Patients were trained 3 times per
week according to their respective regimen.
After 12-week training period, patients in both
groups were followed up for 6 months.

Observation indexes

The scale for WOMAC scores of international
osteoarthritis was used to evaluate WOMAC
scores in both groups, before and after inter-
vention. The scale of WOMAC scores is widely
used by health professionals to evaluate condi-
tions of patients with osteoarthritis of the knee,
including pain, stiffness, and physical function-
ing of the joints. WOMAC measures five items
for pain (score range 0-20), two for stiffness
(score range 0-8), and 17 for functional limita-
tion (score range 0-68). Lower scores indicate
better knee function.

Gait analysis parameters were used to analyze
kinematic and Kkinetic gait measurements,
before and after intervention, including step
length, step width, and step angle. Recurrence
of the two groups was recorded every month
during the follow up period.
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Table 3. Gait parameters in the two groups before and after intervention

Observation group Control group
Before intervention After intervention Before intervention  After intervention

Gait parameters

Step length (cm) 47.01+3.63 61.01+6.63"# 49.60+3.39 53.01+4.63
Step frequency (pace/min) 99.31+9.88 128.61+12.18™* 101.90+9.61 106.61+10.18
Step width (cm) 10.39+3.09 10.86+3.10 10.414£3.13 10.99+3.00
Step angle (°) 12.99+6.10 13.31+6.09 13.19+6.01 13.29+6.20
Total support phase (%) 66.10+5.10 53.21+4.30"# 68.0315.29 58.10+4.01"
Swing (%) 36.19+3.31 49.18+3.91"* 35.09+3.09 41.00+3.39

Note: “P < 0.05 compared with before intervention, #P < 0.05 compared with the control group.

Table 4. Recurrences during the follow up
period

Clinical data Observation group Control group
15t month (n/%) 0/0 0/0

2" month (n/%) 0/0 1/2%

3 month (n/%) 0/0 4/8%

4t month (n/%) 1/2% 6/12%
5% month (n/%) 2/4% 6/12%
6" month (n/%) 4/8% 5/10%

Statistical analysis

SPSS19.0 software was used for data analy-
sis. Count data are expressed as percentage
(%) and were compared with Chi-square test.
Measurement data are expressed as mean
and standard deviation and were compared
with t-test (paired t-test), for intra-group com-
parison, and independent t-test for inter-group
comparison at same time points. P < 0.05 was
considered statistically significant.

Results
Clinical characteristics of patients

As shown in Table 1, there were no statistical
differences in clinical data between the two
groups (P>0.05)

WOMAC score evaluation of the two groups
before and after intervention

As shown in Table 2, there were no significant
differences in WOMAC scores between the
two groups before intervention (P=0.109). Aft-
er intervention, WOMAC scores were reduced
in both groups compared to before interven-
tion. WOMAC scores of the observation group
were significantly lower than the control group
(P=0.019).
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Gait parameters in the two groups before and
after intervention

As shown in Table 3, there were no signifi-
cant differences in gait parameters between
the groups before intervention, including step
length (P=0.288), step frequency (P=0.396),
step width (P=0.519), step angle (P=0.331),
total support phase (P=0.699), and swing
(P=0.190). After intervention, step length, step
frequency, total support phase, and swing were
significantly improved in the observation gro-
up compared to before intervention (P=0.019,
P=0.030, P=0.026, P=0.031, respectively). Mo-
reover, step length, step frequency, total sup-
port phase, and swing phase were significant-
ly better than the control group (P=0.016,
P=0.021, P=0.040, P=0.033, respectively). In
the control group, only total support phase was
significantly improved compared to before
intervention (P=0.031). After intervention, th-
ere were no significant differences between the
two groups in step width and step angle
(P=0.081, P=0.120).

Recurrence during the follow up period

Regarding the 6-month follow up period, the
first recurrence occurred at the fourth month
in the observation group. The first recurren-
ce occurred at the second month in the con-
trol group (Table 4). A total of 7 recurrences
occurred in the observation group, yielding a
recurrence rate of 14%, significantly lower than
that of the control group (P=0.001, Table 5).

Discussion

Knee osteoarthritis is the most common chron-
ic bone and joint disease in middle-aged and
elderly-aged population. Epidemiological inves-
tigation reveals that incidence of osteoarthritis
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Table 5. Recurrence rate in both groups

Clinical data Observation Control group
group

Recurrence (n) 7 22

Non-recurrence (n) 43 28

Recurrence rate (%) 14.0%" 44.0%

Note: “P < 0.05, compared with the control group.

increases year by year as the population ages.
Therefore, prevention and treatment of knee
osteoarthritis requires much attention.

More and more scholars are beginning to re-
alize that knee osteoarthritis is a result of bio-
mechanical and biological factors. Biomech-
anical factors play an important role in occur-
rence and development of knee osteoarthritis
[7-9]. In addition, the guidelines for diagnosis
and treatment of osteoarthritis in China recom-
mend combination of non-drug and drug treat-
ment for treatment of knee osteoarthritis [8].
Combination has been more effective in reduc-
ing joint pain and promoting recovery of joint
function, compared to the single method. Main
methods of non-drug treatment include self-
education, aerobic exercise, muscle strength
training around the knee joint, and activity
training of the knee joint [8].

Exercise therapy has been widely used for
treatment and rehabilitation of knee osteoar-
thritis. In addition, some exercise therapies
have been identified as important means of
preventing and curing knee osteoarthritis,
including muscle strength training of quadri-
ceps femoris. This present study used exercise
therapy for knee osteoarthritis. After a 12-week
intervention, it was found that exercise thera-
py intervention was superior to quadriceps fem-
oris training, alone, regardless of WOMAC
scores or gait parameters. Results showed that
exercise therapy had a better effect on reliv-
ing pain and stiffness of knee osteoarthri-
tis and reducing daily activity difficulties.
Moreover, exercise therapy can more effecti-
vely improve gait movement parameters of
patients with knee osteoarthritis and enhan-
ce the stability of walking activities. In addition,
exercise therapy can also effectively reduce
recurrence rates in patients with knee osteo-
arthritis. This study used WOMAC scale and
gait parameters to analyze and evaluate effica-
cy. Compared with previous evaluation meth-
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ods [7, 8], these methods can evaluate clinical
symptoms, objectively, and accurately reflect
changes of the disease based on biomechan-
ics. Biomechanics have been used for diagno-
sis and treatment of many diseases, gradually
extending to diagnosis and treatment of knee
osteoarthritis.

Development of knee osteoarthritis is closely
related to biomechanical factors [9, 10]. There
are no blood vessels in articular cartilage with
nutrition obtained from the synovial fluid in cap-
sules through joint movement. Therefore, joint
repair and regeneration has been greatly limit-
ed [2]. When knees are subjected to high pres-
sure stress, biomechanics changes in the carti-
lage can further cause cartilage degeneration,
leading to development of knee osteoarthritis
[11, 12]. In patients with joint pain, joint swell-
ing gradually appears, including changes in
joint function and walking ability [13-15].

The joint capsule of the knee, surrounding mus-
cles, and ligaments can absorb stress of the
knee joint to avoid local high stress of the ca-
rtilage. Therefore, these structures play an
important role in maintaining stability of the
joint and ensuring normal activity of the knee
joint. Some researchers have pointed out that it
is beneficial to enhance stability of the knee
joint and improve walking ability by employing
functional exercise of the knee muscles and
surrounding ligaments [16]. This present study
used a 12-week exercise therapeutic interven-
tion cycle. Training intensity enabled patients
to feel fatigue, effectively changing muscle
atrophy and joint instability and preventing
knee cartilage degeneration. Previous studies
have suggested more than 8 weeks of training
with a slight sense of acid and fatigue. This
could help improve muscle strength, restore
knee proprioception, and improve stability of
the knee joint [17, 18]. This exercise could also
significantly improve walking function, relieve
joint pain, and stiffness. This study used mus-
cle training around the knee joint and joint
activity training. This kind of training loosens
the adhesive contracture around the knee,
recovers muscle strength, and improves the
ability of joint activity. A previous study reported
that the stability of knee joint and stability of
the gait could be improved, to a certain extent,
through quadriceps femoris training [19, 20].
Jiang’s study also confirmed that quadriceps
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femoris training could significantly improve
the daily walking ability of patients with knee
osteoarthritis [16]. Moreover, Yin's study fo-
und that hamstring tendon training could effec-
tively improve clinical symptoms of patients
with knee osteoarthritis, enhance joint func-
tion, and stabilize gait [21]. Therefore, exercise
therapy can train these important muscle
groups, comprehensively and systematically,
and increase the degree of joint activity, further
improving clinical symptoms, reducing recur-
rence rates, and improving quality of life in
patients with knee osteoarthritis.

There are some limitations to the present
study, including group size and short-term fol-
low up. These may have caused statistical bi-
as. Therefore, further in-depth study is neces-
sary, with expanded group size and long-term
follow up, to identify and confirm subjective
and objective evaluation indexes for efficacy
evaluation regarding exercise therapy for knee
osteoarthritis.

In conclusion, exercise therapy can effectively
reduce clinical symptoms, improve joint func-
tion, and reduce recurrence rates in patients
with knee osteoarthritis.
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