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Abstract: Objective: Our aim was to evaluate clinical benefits of virtual reality (VR) intervention for postoperative
rehabilitation in osteoarthritis (OA) patients undergoing total knee arthroplasty (TKA). Methods: A total of 66 OA patients undergoing unilateral TKA were recruited and randomly assigned to experimental (VR rehabilitation) and control (conventional rehabilitation) groups. Comparison of WOMAC osteoarthritis index, HSS knee score, and VAS scale
for pain and knee range of motion (ROM) before and after TKA was performed. Results: No significant differences
were found in preoperative WOMAC index, HSS score, and knee ROM between control and experimental groups
(P>0.05). WOMAC indexes were significantly lower and HSS scores were significantly higher in the experimental
group than in the control group at 1, 3, and 6 months after TKA, respectively (P<0.05). No significant difference was
found in VAS scale for pain at 1 day after TKA, between the two groups (P>0.05). VAS scales were significantly lower
in experimental group than the control group at 3, 5, and 7 days after TKA (P<0.05). Knee ROMs were significantly
higher in the experimental group than control group at 3, 7, and 14 days after TKA (P<0.05). It took 2.45 ± 0.71
and 13.48 ± 2.48 days for knee ROM to reach 60° and 90° in the experimental group, significantly lower than the
3.09 ± 0.77 and 15.24 ± 2.82 days in the control group (P<0.05). Conclusion: Clinical application of VR intervention
can aid rehabilitation, reduce postoperative pain, and improve functional recovery in OA patients undergoing TKA.
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Introduction
With an increase in the senior population, the
incidence of osteoarthritis (OA) is increasing in
China. Currently, total knee arthroplasty (TKA)
is the only procedure to treat moderate to
severe OA [1]. More than 600,000 TKAs are
performed each year in China [2]. The success
of TKA procedures depends not only on the
operation but also on postoperative rehabilitation and exercise. Knee stiffness, limited joint
flexibility, difficulty in walking, or impaired routine activity performance will most likely occur
if postoperative exercise is not initiated early
enough or not carried out properly. Maximum
knee function recovery relies both on successful surgery and rehabilitation [3, 4].
Early conventional postoperative rehabilitation
after TKA includes mainly active and passive

exercises conducted by patients. Although
rehabilitation is guided by the doctor and assisted by tutorial videos, postoperative pain and
immobility often results in phobia of patients,
keeping them from initiating rehabilitation and
impeding the recovery process [5, 6]. Therefore,
a novel rehabilitation method is required to help
relieve stress and reduce pain, increasing motivation for exercise and improving recovery outcomes. Virtual reality (VR) technology has been
widely applied in many different fields. In medicine, it has been used for surgical training,
anatomy learning, rehabilitation, and telemedicine. To date, no study has reported on VR intervention in postoperative rehabilitation after
TKA [7, 8]. The present study aims to evaluate
clinical practicality and benefits of VR intervention for postoperative rehabilitation in OA
patients undergoing TKA.

VR application in TKA
Table 1. Comparison of preoperative clinical data
Gender
Joint-location

Male (%)
Female (%)
Left (%)
Right (%)

Age (years)
BMI (kg/m2)

Experimental Group (n=33)
15/45.45
18/54.55
16/48.48
17/51.52
66.45 ± 3.49
24.52 ± 2.27

Patients and methods
Patients
In our present study, a total of 66 OA patients
undergoing unilateral TKA at Cangzhou Central
Hospital from March 2015 to October 2016
were recruited. Patients were randomly assigned to experimental (VR rehabilitation) and
control (conventional rehabilitation) groups,
with 33 patients in each group. No significant
differences were observed in clinical information including gender, age, and body mass
index (BMI) between the two groups (P>0.05,
Table 1).
Inclusion criteria included: 1) Patients diagnosed as OA according to The Guidelines for
Diagnosis and Treatment of Osteoarthritis issued by the Chinese Rheumatology Association
in 2010; 2) Patients undergoing unilateral TKA
for the first time; 3) Patients were informed
about the study and informed content was
obtained; 4) The study was approved by the
Ethics Committee of Cangzhou Central Hospital,
Cangzhou, China.

Control Group (n=33)
13/39.39
20/60.61
15/45.45
18/54.55
66.30 ± 4.41
24.97 ± 2.52

t/X2
0.248

P
0.618

0.061

0.805

0.155
0.771

0.878
0.444

logical intervention and pain management education. The above conventional rehabilitation
protocol was adopted from a study by Szöts et
al. [9]. In addition, VR (Mide Technology Inc.,
Cangzhou, China) intervention was applied in
the experimental group beginning the second
day after TKA. Patients were asked to row a
boat using knee flexion (interaction of VR) in an
immersive virtual environment for 30 minute
periods, three times a day (Figure 1). Patients
in the control group were asked to flex their
knees passively using their arms until pain tolerance was reached. They held that position for
20 seconds followed by relaxing for 40 seconds. Patients were required to perform three
sets of 30 repetitions daily. All postoperative
rehabilitation was conducted under guidance
of the study group.
Evaluation standards

Exclusion criteria included: 1) Overweight (BMI
≥ 30 kg/m2); 2) Severe osteoporosis; 3) Ligament injury or periprosthetic fracture occurring
during TKA; 3) Unstable vital signs, complications of incision healing, or clot formation in leg
veins; 4) Vision loss, hearing loss, or functional
illiteracy.

Outcome of rehabilitation was evaluated by the
same set of researchers. Standards used for
assessment included: 1) Western Ontario and
McMaster University osteoarthritis index (WOMAC) measured before TKA and 1, 3, 6 months
after TKA; 2) Hospital for Special Surgery knee
score (HSS) measured before TKA and 1, 3,
and 6 months after TKA; 3) Visual analog scale
(VAS) for pain measured at 1, 3, 5, and 7 days
after TKA; 4) Range of motion (ROM) measured
before TKA and at 3, 7, and 14 days after TKA.
Days needed for knee ROM to reach 60° and
90° were also recorded.

Rehabilitation

Statistical analysis

All 66 recruited patients exercised by performing foot dorsiflexion and plantar flexion beginning the first day after TKA. Exercises targeting
quadriceps muscle strength occurred from the
second day after TKA. Passive exercises on
knee flexion began after the drainage tube was
removed. Exercises were assisted with psycho-

Statistical analyses were performed using
SPSS 20.0 software. Quantitative data are
reported as mean ± standard deviation and
Student’s t-test was used to compare differences between the two groups. Categorical data were expressed in percentages and X2 test
was used to compare differences between the
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BMI was calculated as 66.45
± 3.49 and 24.52 ± 2.27 kg/
m2, respectively. Among the
33 OA patients in control
group, 16 were male and 17
were female. Among them, 15
underwent left TKA and 18
underwent right TKA. Average
age and BMI was calculated
as 66.30 ± 4.41 and 24.97 ±
2.52 kg/m2, respectively. No
significant differences were
observed in gender, age, location of joint, and BMI between
the two groups (P>0.05, Table
1).
WOMAC index
No significant difference was
observed in preoperative WOMAC index between the two
groups (P>0.05). WOMAC indexes were significantly lower
in both groups after TKA as
rehabilitation continued (P<
0.05). Also, WOMAC indexes
were significantly lower in the
experimental group than the
control group at 1, 3, and 6
months after TKA (P<0.05,
Table 2).

Figure 1. VR intervention (rowing boat) in OA patients after TKA.

Table 2. Comparison of WOMAC index
Experimental
Control Group
Group (n=33)
(n=33)
Before TKA
45.03 ± 5.13
44.18 ± 5.73
1 month after TKA
32.00 ± 5.24a
35.06 ± 5.19a
a,b
3 months after TKA 25.79 ± 4.20
29.67 ± 5.55a,b
a,b,c
6 months after TKA 21.58 ± 4.19
26.33 ± 3.85a,b,c
Time

t

P

0.634
2.382
3.199
4.814

0.528
0.020
0.002
0.000

HSS score

No significant difference was
observed in preoperative HSS
score between the two groups
(P>0.05). HSS scores were
a; The difference was significant when compared to WOMAC before TKA, P<0.05;
significantly higher in both
b; The difference was significant when compared to WOMAC at 1 month after TKA,
groups after TKA as rehabiP<0.05; c; The difference was significant when compared to WOMAC at 3 months
litation continued (P<0.05).
after TKA, P<0.05.
Also, HSS scores were significantly higher in the experitwo groups. Statistical significance was determental group than control group at 1, 3, and 6
months after TKA (P<0.05, Table 3).
mined as (P < 0.05).
Results

VAS Scale

Clinical data

VAS scales were significantly lower in both
groups after TKA, as rehabilitation continued
(P<0.05). No significant difference was observed in VAS scales between the two groups 1
day after TKA (P>0.05). VAS scales were significantly lower in the experimental group than

Among the 33 OA patients in experimental
group, 15 were male and 18 were female.
Among them, 16 patients underwent left TKA
and 17 underwent right TKA. Average age and
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Table 3. Comparison of HSS scores
Time
Before TKA
1 month after TKA
3 months after TKA
6 months after TKA

Experimental
Control Group
t
Group (n=33)
(n=33)
47.88 ± 4.71
48.76 ± 4.61
0.766
a
a
68.39 ± 4.32
60.45 ± 4.56
7.257
77.73 ± 5.48a,b 67.94 ± 4.51a,b 7.921
87.55 ± 4.29a,b,c 80.39 ± 4.39a,b,c 6.692

P
0.446
0.000
0.000
0.000

a; The difference was significant when compared to HSS before TKA, P<0.05; b; The
difference was significant when compared to HSS at 1 month after TKA, P<0.05;
c; The difference was significant when compared to HSS at 3 months after TKA,
P<0.05.

Table 4. Comparisons of VAS scores
Time
1 d after TKA
3 d after TKA
5 d after TKA
7 d after TKA

Experimental
Group (n=33)
7.39 ± 1.14
6.48 ± 0.87a
5.42 ± 0.79a,b
3.87 ± 0.55a,b,c

Control Group
(n=33)
7.42 ± 1.25
6.84 ± 1.09a
5.97 ± 0.88a,b
4.42 ± 0.79a,b,c

t

P

0.103
1.495
2.641
3.259

0.919
0.043
0.010
0.002

a; The difference was significant when compared to VAS at 1 day after TKA, P<0.05;
b; The difference was significant when compared to VAS at 3 day after TKA, P<0.05;
c; The difference was significant when compared to VAS at 5 days after TKA, P<0.05.

Table 5. Comparison of Knee ROM
Experimental
Control Group
Group (n=33)
(n=33)
ROM (°) Before TKA
43.55 ± 3.38
42.85 ± 3.63
3 d after TKA
65.03 ± 3.96a
62.00 ± 4.65a
7 d after TKA 79.64 ± 6.45a,b 71.76 ± 4.69a,b
14 d after TKA 93.73 ± 6.57a,b,c 86.36 ± 4.97a,b,c
Time (d) 60°
2.45 ± 0.71
3.09 ± 0.77
90°
13.48 ± 2.48
15.24 ± 2.82

t

P

0.807
2.849
5.675
5.134
3.500
2.691

0.423
0.006
0.000
0.000
0.001
0.009

group than in control group
(P<0.05, Table 5).
Discussion
Virtual Reality can be defined as a manmade environment based on 3I-immersion,
interaction, and imagination.
The most significant value of
VR application is provided by
interaction, which is also key
to distinguishing VR from 3D
animation and multimedia
technology [10]. VR technology is now widely used in the
field of rehabilitation. VR can
create a game-like virtual
environment where patients
feel part of a reality and are
able to interact with the environment in a natural manner. As a result, motivation in
rehabilitation can be increased. In addition, VR has both
physiological and psychological benefits. Using language,
words, pictures, and music,
it can provide psychological
suggestions to the patient,
distract and release nervousness, and reduce the perception of pain [7, 8, 11].

The major purposes of rehabilitation for OA patients who
a; The difference was significant when compared to knee ROM before TKA, P<0.05;
underwent TKA are to imb; The difference was significant when compared to knee ROM 3 days after TKA,
prove knee function, increP<0.05; c; The difference was significant when compared to knee ROM 7 days after
ase knee ROM, and relieve
TKA, P<0.05.
pain [12]. In the present
study, no significant differcontrol group at 3, 5, and 7 days after TKA
ences were found in WOMAC index and HSS
(P<0.05, Table 4).
score between experimental and control groups
before TKA (P>0.05). After rehabilitation with
Knee ROM
VR intervention for 1, 3, and 6 months, WOMAC
indexes were significantly lower and HSS scores
No significant difference was observed in prewere significantly higher in the experimental
operative knee ROM between the two groups
group compared to control group (P<0.05).
(P>0.05). Knee ROM were significantly higher in
WOMAC osteoarthritis index and HSS knee
both groups after TKA, as rehabilitation continscore are common standards to assess knee
ued (P<0.05). Also, knee ROM were significantfunction in OA patients. WOMAC index evaluly higher in the experimental group than control
ates pain, stiffness, and physical functioning of
group at 3, 7, and 14 days after TKA (P<0.05,
the joints, covering almost all basic signs and
Table 5).
symptoms of OA. A lower WOMAC index indicates better knee function. HSS knee score
Time needed for knee ROM to reach 60° and
90° was significantly lower in the experimental
was developed by the Hospital for Special
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Surgery. A higher HSS score indicates better
knee function [13]. Our present study shows
that VR intervention in rehabilitation after TKA
improves functional recovery in OA patients.
VR intervention in rehabilitation has three important factors: repeatability, feedback, and
motivation. Effective rehabilitation requires the
patient to practice an exercise repeatedly and
to receive feedback during practice [14]. In conventional rehabilitation, patients exercise under the guidance of a physician and receive
feedback from physician comments. The feedback acquired is passive. As patients cannot
receive active visual feedback, conventional
rehabilitation tends to cause psychological
repellence towards rehabilitation which can
impede recovery outcomes [15, 16]. VR can
provide an artificial rehabilitation environment.
Patients are clearer about the recovery process, more easily accepting treatment and
more willing to collaborate. They collect feedback actively during exercise and adjust the
exercise according to their own physiological
and psychological condition [17, 18]. Therefore,
VR can help patients receive active feedback
from exercise, increase motivation for rehabilitation, and accelerate the recovery process. In
the present study, recovery of knee function
was better in the experimental group than control group, within the same recovery period.
Postoperative pain is an important factor that
can delay rehabilitation after TKA [19]. In the
present study, VAS scales were above 7 in all
66 OA patients 1 day after TKA. This indicated
severe pain and presented a major reason that
kept some patients from initiating exercise.
Pain is a mental and physical discomfort
caused by intensive injury. It is not only physiological but also a psychological response.
Psychological and medical intervention can
help to relieve pain and accelerate the recovery
progress [20, 21]. VR intervention provides a
game-based rehabilitation model for patients,
which can increase patient interest during the
rehabilitation process. In addition, virtual environment can help to relieve pain by providing
psychological suggestions and by changing the
perception of pain in patients [22, 23]. The
above notion was proven in the present study
because VAS scales were significantly lower in
the experimental group than control group at 5
and 7 days after TKA (P<0.05).
6123

VA intervention in rehabilitation after TKA can
relieve postoperative pain, helping to improve
quality of exercise and accelerate the recovery
progress in OA patients. In our present study,
VA intervention was a major reason why knee
ROM recovered faster in the experimental
group than the control group.
In conclusion, VR intervention in rehabilitation
after TKA is a promising approach. In the present study, VR intervention increased patient
motivation for rehabilitation, reduced postoperative pain, and improved functional recovery
in OA patients that underwent TKA.
Disclosure of conflict of interest
None.
Address correspondence to: Dr. Chi Jin, The Third
Department of Orthopedics, Central Hospital of
Cangzhou City, 16 Xinhua Road, Cangzhou 061001,
China. Tel: +86-317-2075706; E-mail: jinch558@
163.com

References
[1]

[2]

[3]

[4]

[5]

[6]

[7]

Wang Q, Orthopedics DO. Clinical effect of
total knee arthroplasty in the treatment of
moderate and severe knee osteoarthritis.
China Continuing Medical Education 2016; 8:
103-104.
Shi B, An J, Chen LG, Zhang N, Tian Y.
Influencing factors for pain after total knee arthroplasty. Chinese Journal of Tissue Engineering Research 2017; 21: 993-997.
Zhang H, Cui L, Weng X. [Effect of preoperative
factors on the clinical outcome of total knee
arthroplasty]. Zhonghua Yi Xue Za Zhi 2016;
96: 1345-8.
Li X, Liu Q, Zhang S, Osteology DO. A meta
analysis of influence of patellar resurfacing on
effect of total knee arthroplasty. Chongqing
Medicine 2016; 45: 4680-4683.
Han AS, Nairn L, Harmer AR, Crosbie J, March
L, Parker D, Crawford R, Fransen M. Early rehabilitation after total knee replacement surgery:
a multicenter, noninferiority, randomized clinical trial comparing a home exercise program
with usual outpatient care. Arthritis Care Res
(Hoboken) 2015; 67: 196-202.
Chen M, Li P, Lin F. Influence of structured telephone follow-up on patient compliance with
rehabilitation after total knee arthroplasty.
Patient Prefer Adherence 2016; 10: 257-64.
Chirico A, Lucidi F, De LM, Milanese C, Napoli
A, Giordano A. Virtual reality in health system:
beyond entertainment. A mini-review on the ef-

Int J Clin Exp Med 2018;11(6):6119-6124

VR application in TKA

[8]
[9]

[10]
[11]

[12]

[13]

[14]

[15]

[16]

6124

ficacy of VR during cancer treatment. J Cell
Physiol 2016; 231: 275-87.
Jing M, Liu Y, Zhang X. Application of virtual
reality technique in biomedical field. Smart
Healthcare 2016; 10: 46-49.
Szöts K, Konradsen H, Solgaard S, Østergaard
B. Telephone follow-up by nurse after total
knee arthroplasty: results of a randomized
clinical trial. Orthop Nurs 2016; 35: 411-420.
Rosen JM, Soltanian H, Redett RJ, Laub DR.
Evolution of virtual reality. IEEE Trans Biomed
Eng 2016: 16-22.
Proffitt R, Lange B. Considerations in the efficacy and effectiveness of virtual reality interventions for stroke rehabilitation: moving the
field forward. Phys Ther 2015; 95: 441-448.
Ren AH, Ma XQ, Zhang HX. The evidence-based
nursing in the early and pain-free rehabilitation for surgical patients who underwent the
total hip and knee joint replacement. Journal
of Kunming Medical University 2013; 4: 164168.
Tutté ML, Viladomat MA, Coppin OV, Cervantes
DH, Muñoz JIT. The association of WOMAC,
HSS and isokinetic strength and fatigue of
knee muscles in people with osteoarthritis following total knee replacement. Isokinetics &
Exercise Science 2015; 23: 61-67.
Stanton R, Ada L, Dean CM, Preston E.
Feedback received while practicing everyday
activities during rehabilitation after stroke: an
observational study. Physiother Res Int 2015;
20: 166-73.
Gao YC, Wen H, Jiang J, Zhao ZB, Zhi MX.
Clinical study of continuous femoral nerve
block versus patients-contrplled intravenous
analgesia after total knee arthroplasty.
Chinese Journal of Pain Medicine 2014; 20:
873-876.
Holm B, Kristensen MT, Myhrmann L, Husted
H, Andersen LØ, Kristensen B, Kehlet H. The
role of pain for early rehabilitation in fast track
total knee arthroplasty. Disabil Rehabil 2010;
32: 300-306.

[17] Lange BS, Requejo P, Flynn SM, Rizzo AA,
Valero-Cuevas FJ, Baker L, Winstein C. The potential of virtual reality and gaming to assist
successful aging with disability. Phys Med
Rehabil Clin N Am 2010; 21: 339-56.
[18] Riva G, Baños RM, Botella C, Mantovani F,
Gaggioli A. Transforming experience: the potential of augmented reality and virtual reality
for enhancing personal and clinical change.
Front Psychiatry 2016; 7: 164.
[19] Kim OG, Seo SS, Jin HS, Kim DH, Park BY. Is
combination of popliteal sciatic nerve block
and adductor canal block effective for postoperative pain control after TKA? Asia Pac J
Sports Med Arthrosc Rehabil Technol 2017; 9:
18-19.
[20] Baratta JL, Gandhi K, Viscusi ER. Perioperative
pain management for total knee arthroplasty. J
Surg Orthop Adv 2014; 23: 22-36.
[21] Yun LI, Han YF, Ding LQ, Hospital QM. Clinical
effects of pain management practice on patients in total knee arthroplasty perioperative
period. Medical Innovation of China 2015; 12:
91-95.
[22] Jordan M, Richardson EJ. Effects of virtual
walking treatment on spinal cord injury-related
neuropathic pain: pilot results and trends related to location of pain and at-level neuronal
hypersensitivity. Am J Phys Med Rehabil 2016;
95: 390-6.
[23] Lange B, Koenig S, Chang CY, Mcconnell E,
Suma E, Bolas M, Rizzo A. Designing informed
game-based rehabilitation tasks leveraging
advances in virtual reality. Disabil Rehabil
2012; 34: 1863-70.

Int J Clin Exp Med 2018;11(6):6119-6124

