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Abstract: Objective: This research was designed to determine the effect of acupuncture combined with early reha-
bilitation training on dysfunction and quality of life of patients after total knee arthroplasty (TKA). Methods: Eighty-
nine TKA patients admitted to our hospital from January 2018 to January 2020 were recruited as the research 
objects. Among them, 44 patients in the control group (CG) were given early rehabilitation training, and 45 in the 
research group (RG) were given acupuncture treatment additionally. Clinical efficacy, knee-joint visual analogue 
scale (VAS) score, American Knee Joint Society (AKSS) score, hemorheological indexes, modified Barthel index (BI) 
scale and SF-36 health survey of both groups were compared. Results: The effective rate of treatment in the RG 
was dramatically higher than that in the CG. After treatment, the whole blood high, middle and low-shear viscosities, 
plasma viscosity and erythrocyte aggregation exponent of patients decreased, while these indexes in the RG were 
remarkably lower than those in the CG. In addition, after treatment, VAS score and knee circumference in the RG 
were markedly lower than those in the CG, and AKSS score and knee range of motion (ROM) were markedly better. 
Follow-up showed that BI and SF-36 health survey scale scores of patients increased after treatment, especially in 
the RG. Conclusion: Acupuncture combined with early rehabilitation training can relieve the pain of patients after 
TKA, promote the rehabilitation of knee joint function and improve their quality of life.       
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Introduction

Knee osteoarthritis is one of the common dis-
abling diseases of human beings, which 
involves the whole joint tissue. Its incidence 
and progression are affected by many factors, 
and it is an important public health problem [1]. 
The clinical symptoms are mainly stiffness, 
pain, muscle weakness and limited range of 
motion (ROM). Severe knee pain will make 
patients disabled, resulting in the loss of their 
activities of daily living (ADL) and seriously 
affecting the quality of life [2]. Due to the 
increase of related factors such as population 
aging and obesity, the prevalence rate of knee 
osteoarthritis is increasing year by year [3]. 
Total knee arthroplasty (TKA) is the main opera-
tion clinically, and the excellent and good rate 

after operation is excellent [4]. However, for 
patients undergoing TKA, reasonable rehabili-
tation and exercise after operation have a ben-
eficial effect on the recovery of normal function 
and rehabilitation of knee joint after operation 
[5]. 

There are multiple programs for early recovery 
of patients undergoing TKA, such as preopera-
tive muscle strength training, postoperative 
straight leg raising exercise, ankle flexion and 
extension exercise, etc. [6]. They can acceler-
ate the blood circulation, eliminate swelling and 
improve muscle tension, but the improvement 
of some patients is still not ideal [7]. 
Acupuncture is one of the vital parts in comple-
mentary and alternative medicine. Many frac-
ture patients are treated with traditional medi-
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cines comprising acupuncture [8]. Research 
found that acupuncture could dredge meridi-
ans, adjust qi and blood, reduce swelling and 
eliminate blood stasis, and promote fracture 
healing [9]. Through retrospective research, 
Barad et al. discovered that traditional Chinese 
medicine acupuncture could effectively en- 
hance the physical function of elderly patients 
after acute disease, and their intestinal func-
tion, defecation function and appetite were 
obviously improved [10]. Another research 
demonstrated that acupuncture was an effec-
tive auxiliary means for postoperative pain 
management in adults [11]. Therefore, acu-
puncture may promote the recovery of patients 
after operation. But there is little research on 
the effect of acupuncture combined with early 
rehabilitation training on patients undergoing 
TKA.   

In this research, we intervened TKA patients by 
acupuncture combined with early rehabilitation 
training and observed its effect on their early 
functional rehabilitation.

Materials and methods

General data

Eighty-nine TKA patients admitted into 
Dianjiang Hospital of Traditional Chinese 
Medicine from January 2018 to January 2020 
were recruited as the research objects. 
Inclusion criteria: patients met the diagnostic 
criteria of knee osteoarthritis [12]; all patients 
were treated with TKA, and the same group of 
doctors completed the operation under com-
bined spinal-epidural anesthesia (CSEA); 
patients had clear consciousness and good 
comprehension; patients had complete clinical 
baseline data. Exclusion criteria were as fol-
lows: those with severe osteoporosis, nervous 
system diseases, malignancies, vital organ dys-
function, spinal diseases, hematopoietic sys-
tem diseases, mental diseases, infection post-
operation, lower limb fractures or hip and ankle 
deformity; people who were allergic to the treat-
ment methods used. This research was 
approved by the ethics committee of our hospi-
tal. All subjects were informed in advance and 
an informed consent form was signed.

Grouping and treatment methods

All patients were given routine treatment such 
as analgesia, fluid infusion and anti-infection. 

On the day after operation, 44 patients in the 
control group (CG) used elastic bandage to fix 
the knee joint to the straight position, showing 
a foot-high hip-low position. From the 1st day to 
the 7th day after operation, quadriceps and 
hamstrings were exercised towards long con-
traction ankle pump, appropriate leg lifting, 
ankle dorsiflexion, sitting position auxiliary 
knee flexion and heel slip knee flexion, etc. 
Seven days after operation, the patients were 
instructed to walk with walking aids, bear 
weight, balance, muscle strength and gait train-
ing. Fourteen days after operation, they began 
to do anti-gravity flexion and extension, squat 
and stair climbing training. In the process of 
training, the time of active and passive exercise 
was adjusted according to patients’ tolerance. 
The RG (n=45) was treated with acupuncture 
on the basis of the treatment of the CG, and 
acupuncture was performed at Yanglingquan, 
Yinlingquan, Liang Qiu, Xuehai, Knee Eye and 
Zusanli points. Completed by the same acu-
puncturist, it was strictly in line with aseptic 
operation criteria during operation. The acu-
puncture site was fully exposed, and skin was 
disinfected routinely with 75% ethanol cotton 
balls taken by sterile tweezers. The sterilized 
disposable acupuncture needle and SDZ-II 
Huatuo electro-acupuncture instrument (Hefei 
Youweikang Trading Co., Ltd., China) were 
inserted into the needle for about 30 mm, and 
the output pulse waveform was dense wave, 
which was adjusted in the light of patients’ tol-
erance. The current intensity was 2-5 mA and 
the frequency was 2 Hz/100 Hz, with each 
treatment lasting for 30 min. They were treated 
3 days after operation, continuously for 7 days.   

Outcome measures

Main outcome measures: 1. The efficacy of 
patients was evaluated: Markedly effective: the 
pain and swelling of lower limbs disappeared or 
obviously reduced, and they could walk down 
properly; Effective: the pain and swelling of 
lower limbs reduced, and they could walk with 
the help of others; Ineffective: the pain and 
swelling of lower limbs were not alleviated or 
even aggravated, and they could not walk; 
(markedly effective + effective) cases/total 
cases ×100% = total effective rate. Patients 
were followed up for 3 months through outpa-
tient re-examination, WeChat, telephones, etc. 
Patients’ activities of daily living (ADL) were 
assessed via modified Barthel Index Scale [13], 
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including bathing, eating and dressing. The 
higher the score, the better the patients’ ADL 
is. Meanwhile, the quality of life of patients was 
analyzed via SF-36 health survey. It [14] con-
sists of 8 items: role-physical (RP), general 
health (GH), physiological function (PF), bodily 
pain (BP), mental health (MH), social function 
(SF), role emotional (RE) and vitality (VT); the 
total score of each item is 100 points; the high-
er the score of patients, the better the quality 
of life is.

Secondary outcome measures: 1. The knee-
joint visual analogue scale (VAS) score [15] and 
American Knee Joint Society (AKSS) score of 
patients before and after treatment were evalu-
ated [16]. Thereinto, VAS scores were based on 
a walking scale of 0-10 cm, with 0 point for 
painless at both ends, 10 for severe pain, and 
different degrees of pain in between. The 
patients marked their pain positions on a 
straight line. The AKSS score includes 25 points 
for stability, 25 for ROM and 50 for function. 
The scores obtained by patients are directly 

mean ± SEM; the inter-group comparison was 
assessed via t test, and the intra-group com-
parison was analyzed via paired paired-sam-
ples t test before and after intervention.

Results

General data of RG and CG

We collected the clinical data of two groups of 
patients. There was no marked difference 
between the RG and the CG in terms of gender, 
age, weight, education level, involved joints, 
course of disease, time of anesthesia and oper-
ation, and history of smoking and drinking 
(Table 1).

Hemorheological changes before and after 
treatment in both groups

The changes of hemorheological indexes were 
observed before and after treatment. Before 
treatment, there was no marked difference in 
the whole blood high, middle and low-shear vis-

Table 1. General data of patients in RG and CG [n (%)]/(mean ± 
SEM)

Clinical data Control group 
(n=44)

Research 
group (n=45) χ2/t P

Gender 0.271 0.602
    Male 27 (61.36) 30 (66.67)
    Female 17 (38.64) 15 (33.33)
Age (years) 63.47±8.57 62.73±8.51 0.409 0.684
Weight (kg) 76.15±8.63 77.52±8.79 0.742 0.460
Education level 0.096 0.926
    Primary school 8 (18.18) 6 (13.33)
    Junior high school 9 (20.45) 11 (24.44)
    High school 11 (25.00) 14 (31.11)
    University and above 16 (36.36) 14 (31.11)
Involved joints 0.114 0.736
    Left 18 (40.91) 20 (44.44)
    Right 26 (59.09) 25 (55.56)
Course of disease (years) 4.91±0.71 4.99±0.85 0.481 0.632
Anesthesia time (min) 138.18±10.33 140.25±8.69 1.024 0.309
Operation time (min) 126.85±16.53 129.47±17.25 0.731 0.467
History of smoking 0.044 0.969
    Yes 16 (36.36) 13 (28.89)
    No 28 (63.64) 32 (71.11)
History of drinking 0.109 0.924
    Yes 25 (56.82) 26 (57.78)
    No 19 (43.18) 19 (42.22)

proportional to joint func-
tion. 2. Before and after 
treatment, 2 mL fasting 
elbow venous blood was col-
lected in the morning, and 
the hemorheological index-
es such as the whole blood 
high, middle and low-shear 
viscosities, plasma visco- 
sity and erythrocyte aggre-
gation exponent were asse- 
ssed through automatic he- 
morheological analyzer LB- 
2A (Shanghai Huanxi Me- 
dical Equipment Co., Ltd., 
China). 

Statistical methods

SPSS 22.0 (IBM Corpora- 
tion, Armonk, NY, U.S.) was 
applied to data analysis. 
There were statistical differ-
ences when P<0.05. The 
counting data were repre-
sented by [n (%)], and the 
inter-group comparison was 
analyzed through Chi-squ- 
are test. The measurement 
data were expressed by 
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cosities, plasma viscosity and erythrocyte 
aggregation exponent. After treatment, these 
indexes of both groups decreased markedly. 
The indexes in the RG were lower than those in 
the CG (Figure 1).

VAS and AKSS scores of both groups before 
and after treatment

We evaluated the VAS and AKSS scores before 
and after treatment. There was no difference in 

The knee joint circumference and ROM were 
evaluated before and after treatment. There 
was no obvious difference between the two 
groups before treatment. After treatment, the 
former decreased, while the latter increased. In 
addition, the circumference of knee joint in the 
RG was lower than that in the CG, and the ROM 
was higher. This indicated that the condition of 
patients’ posterior knee joint has been remark-
ably improved (Figure 3).

Figure 1. Hemorheological changes 
before and after treatment in both 
groups. After treatment, the whole 
blood high (A), middle (B) and low-
shear viscosities (C), plasma viscos-
ity (D) and erythrocyte aggregation 
exponent (E) of patients decrease, 
while these indexes in the RG are 
lower than those in the CG. Note: 
*P<0.05, **P<0.01, ***P<0.001. 

Figure 2. Comparison of VAS and AKSS scores between the two groups be-
fore and after treatment. After treatment, the VAS scores (A) of both groups 
decrease, while the AKSS scores (B) increase. After treatment, the VAS 
score of patients in the RG is lower than that in the CG, and the AKSS score 
increases. Note: **P<0.01, ***P<0.001. 

those scores before treat-
ment. After treatment, the 
VAS scores decreased, while 
the AKSS scores increased. In 
addition, the VAS scores of 
patients in the RG were lower 
than those in the CG, and the 
AKSS scores increased. This 
meant that this treatment 
could obviously relieve the 
pain of patients and restore 
the function of knee joint 
(Figure 2).

Changes of knee joint cir-
cumference and ROM before 
and after treatment in both 
groups
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Effective rates of treatment in both groups

The efficacy of two groups of patients after 
treatment was observed. In the CG, 20 cases 
were markedly effective, 18 were effective, and 
the effective rate was 86.36%. In the RG, 30 
cases were markedly effective, 14 were effec-

treatment, the scores of patients increased, 
while the scores of quality of life in the RG were 
better than those in the CG (Figure 5).

Discussion 

TKA can correct the joint shape and improve 
the knee function of patients with knee osteo-
arthritis [17]. However, surgical operation 
brings trauma and bleeding to patients, caus-
ing deep vein thrombosis and other complica-
tions easily, which is not conducive to recovery 
[18]. Thus, it is vital to implement functional 
rehabilitation intervention for patients after 
operation.

At the moment, there are specific programs for 
exercise after TKA [19]. For example, rehabilita-
tion programs such as muscle strength train-
ing, ankle flexion and extension exercise, and 
leg lifting exercise have been widely used in 
clinical practice [20]. Rehabilitation plan is a 
simple solution, which can alleviate the limita-
tion of patients’ limb function and promote 
physical exercise, and is thereby considered to 
be beneficial, but the effect is still not obvious 
[21]. For example, Piva et al., through random 
experiments, found that comprehensive behav-

Figure 3. Changes of knee joint circumference and ROM before and after 
treatment. After treatment, the knee joint circumference (A) in the RG is 
lower than that in the CG, and ROM (B) is higher. Note: ***P<0.001. 

Table 2. Comparison of effective rates of treatment between the 
two groups [n (%)]

Efficacy Control group 
(n=44)

Research 
group (n=45) χ2 P 

Markedly effective 20 (45.45) 30 (66.67) - -
Effective 18 (40.91) 14 (31.11) - -
Ineffective 6 (13.64) 1 (2.22) - -
Effective rates of treatment 86.36 97.78 4.000 0.046

Figure 4. Comparison of BI between the two groups 
of patients. After treatment, the BI of patients in-
creases, especially in the RG. Note: *P<0.05, 
***P<0.001. 

tive, and the effective rate 
was 97.78%. The effective 
rate of treatment in the RG 
was higher than that in the CG 
(Table 2).

BI of the two groups of pa-
tients

We compared the BI between 
the two groups before and 
after treatment. There was  
no obvious difference before 
treatment. After treatment, 
the BI increased, especially in 
the RG (Figure 4).

Quality of life of both groups 
before and after treatment

We compared the SF-36 
health survey of patients’ 
quality of life between the CG 
and the RG. There was no 
marked difference in RP, GH, 
PF, BP, MH, SF, RE and VT 
scores before treatment. After 
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ior and exercise intervention were beneficial to 
physical function after TKA in the short term, 
but had no long-term benefit [22]. Based on 
this, we intervened TKA patients by acupunc-
ture combined with early rehabilitation training. 
Acupuncture and moxibustion of traditional 
Chinese medicine has been widely recognized 
in clinical treatment. For example, Liu et al. 
reported that percutaneous electro-acupunc-
ture stimulation could relieve the pain of 
patients after tumor resection and reduce the 
use of narcotic drugs, with no obvious side 
effects [23]. Another research confirmed that 
acupuncture could improve the clinical symp-
toms and hemorheology of diabetic nephropa-
thy patients, and delay disease progression to 

a certain extent [24]. TKA has great trauma, 
which can cause vascular injury, normal blood 
coagulation in deep veins, etc., and may cause 
blood reflux obstruction in lower limbs, with the 
risk of thrombosis [25]. In our research, it was 
found that acupuncture combined with early 
rehabilitation training could improve the blood 
flow of patients, which might be helpful in pre-
venting deep venous thrombosis of lower limbs. 
Further research manifested that after treat-
ment, the VAS scores of the patients decreased, 
while the AKSS score and BI increased, and the 
knee joint circumference and ROM were 
improved, showing a good clinical effect. 
Similarly, Zhang et al. found that after acupunc-
ture treatment for patients with osteoporotic 

Figure 5. Comparison of qual-
ity of life between the two groups 
before and after treatment. After 
treatment, the scores of RP (A), 
GH (B), PF (C), BP (D), MH (E), SF 
(F), RE (G) and VT (H) of patients 
in the two groups increase, while 
the scores of quality of life in the 
RG are better than those in the CG. 
Note: **P<0.01, ***P<0.001. 
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vertebral compression fractures, the VAS 
scores and BI were obviously improved, and 
they hardly felt pain [26]. This revealed that 
acupuncture combined with early rehabilitation 
training could obviously relieve the pain of 
patients and restore the function of knee joint. 
It may be the implementation of acupuncture, 
which can relax muscles and activate collater-
als, promote the operation of blood gas, acti-
vate blood circulation, relieve spasm and pain 
[27], maximize the poor operation of blood gas 
around the knee joint, and accelerate the reha-
bilitation of patients. Our research also found 
that after treatment, the scores of SF-36 proj-
ect dimension increased, which indicated that 
this treatment could improve the quality of life 
of patients. Similarly, Schiller et al. explained 
that acupuncture had a lasting effect on osteo-
porosis patients, and the quality of life of those 
who could reduce pain related to activities has 
been continuously and dramatically improved 
for 3 months [28]. It may be that after acupunc-
ture, the pain of patients can be relieved to the 
greatest extent, and the function of knee joint 
can recover quickly. So, it has little influence on 
their daily quality of life.

Our research proves that acupuncture com-
bined with early rehabilitation training is benefi-
cial to the rehabilitation of patients after TKA, 
but it still has limitations. For one thing, we did 
not follow up with the patients for a long time, 
but investigated the ADL of patients after 1 
year. For another, the mechanism of acupunc-
ture in TKA patients is still vague. In addition, 
the energy, supporting and swing torques of 
knee joint after treatment were not observed. 
These need to be further studied in the future.

This research reveals that acupuncture com-
bined with early rehabilitation training can 
relieve the pain of patients after TKA, promote 
the rehabilitation of knee joint function and 
improve their quality of life. 

Disclosure of conflict of interest

None.

Address correspondence to: Jihong Luo, Depart- 
ment of Orthopedics and Traumatology, Dianjiang 
Hospital of Traditional Chinese Medicine, 502 
Gongnong Road, Guixi Town, Dianjiang County, 
Chongqing 408300, China. Tel: +86-13896692187; 
E-mail: Luojihong123456@163.com

References

[1]	 Han X, Cui J, Xie K, Jiang X, He Z, Du J, Chu L, 
Qu X, Ai S, Sun Q, Wang L, Wu H, Zhang W, Yu Z 
and Yan M. Association between knee align-
ment, osteoarthritis disease severity, and sub-
chondral trabecular bone microarchitecture in 
patients with knee osteoarthritis: a cross-sec-
tional study. Arthritis Res Ther 2020; 22: 203.

[2]	 Chio CC, Siu MK, Tai YT, Chen TG, Ho WP, Chen 
JT, Tsai HC and Chen RM. Renal insufficiency 
plays a crucial association factor in severe 
knee osteoarthritis-induced pain in patients 
with total knee replacement: a retrospective 
study. Medicine (Baltimore) 2020; 99: 
e19125.

[3]	 Yang Z, Lei G, Li X, Wang Y, Xie Z, Zhang X, He 
Y, Xiong Y and Yang T. Does symptomatic knee 
osteoarthritis increase the risk of all-cause 
mortality? Data from four international popula-
tion-based longitudinal surveys of aging. Clin 
Rheumatol 2019; 38: 3253-3259.

[4]	 Ghomrawi HMK, Mushlin AI, Kang R, Banerjee 
S, Singh JA, Sharma L, Flink C, Nevitt M, Neogi 
T and Riddle DL. Examining timeliness of total 
knee replacement among patients with knee 
osteoarthritis in the U.S.: results from the OAI 
and MOST Longitudinal Cohorts. J Bone Joint 
Surg Am 2020; 102: 468-476.

[5]	 Bennell KL, Nelligan RK, Kimp AJ, Wrigley TV, 
Metcalf B, Kasza J, Hodges PW and Hinman 
RS. Comparison of weight bearing functional 
exercise and non-weight bearing quadriceps 
strengthening exercise on pain and function 
for people with knee osteoarthritis and obesi-
ty: protocol for the TARGET randomised con-
trolled trial. BMC Musculoskelet Disord 2019; 
20: 291.

[6]	 Liu J, Chen L, Tu Y, Chen X, Hu K, Tu Y, Lin M, 
Xie G, Chen S, Huang J, Liu W, Wu J, Xiao T, 
Wilson G, Lang C, Park J, Tao J and Kong J. 
Different exercise modalities relieve pain syn-
drome in patients with knee osteoarthritis and 
modulate the dorsolateral prefrontal cortex: a 
multiple mode MRI study. Brain Behav Immun 
2019; 82: 253-263.

[7]	 Karadag S, Tasci S, Dogan N, Demir H and Kilic 
Z. Application of heat and a home exercise pro-
gram for pain and function levels in patients 
with knee osteoarthritis: a randomized con-
trolled trial. Int J Nurs Pract 2019; 25: e12772.

[8]	 Seval Y, Emre K, Erhan Y, Ahmet K, Suleyman G 
and Mustafa O. Effect of acupuncture therapy 
on fracture healing in rats with femur frac-
tures. J Tradit Chin Med 2020; 40: 275-283.

[9]	 Chen JW, Wang HJ and Zheng XF. Research 
progress on mechanism of acupuncture and 
moxibustion promoting fracture healing. 
Zhongguo Gu Shang 2020; 33: 93-96.

mailto:Luojihong123456@163.com


Influence of acupuncture and moxibustion on patients with knee replacement

6414	 Am J Transl Res 2021;13(6):6407-6414

[10]	 Barad A, Maimon Y, Miller E, Merdler S, Goldray 
D, Lerman Y and Lev-ari S. Acupuncture treat-
ment in geriatric rehabilitation: a retrospective 
study. J Acupunct Meridian Stud 2008; 1: 54-
57.

[11]	 Sun Y, Gan TJ, Dubose JW and Habib AS. 
Acupuncture and related techniques for post-
operative pain: a systematic review of random-
ized controlled trials. Br J Anaesth 2008; 101: 
151-160.

[12]	 Zhang W, Doherty M, Peat G, Bierma-Zeinstra 
MA, Arden NK, Bresnihan B, Herrero-Beaumont 
G, Kirschner S, Leeb BF, Lohmander LS, 
Mazieres B, Pavelka K, Punzi L, So AK, Tuncer 
T, Watt I and Bijlsma JW. EULAR evidence-
based recommendations for the diagnosis of 
knee osteoarthritis. Ann Rheum Dis 2010; 69: 
483-489.

[13]	 Liang J, Lang S, Zheng Y, Wang Y, Chen H, Yang 
J, Luo Z, Lin Q and Ou H. The effect of anti-
gravity treadmill training for knee osteoarthri-
tis rehabilitation on joint pain, gait, and EMG: 
Case report. Medicine (Baltimore) 2019; 98: 
e15386.

[14]	 Lin L, Cheng K, Tan MT, Zhao L, Huang Z, Yao C, 
Wu F, Zhang H and Shen X. Comparison of the 
effects of 10.6-mum infrared laser and tradi-
tional moxibustion in the treatment of knee 
osteoarthritis. Lasers Med Sci 2020; 35: 823-
832.

[15]	 Han Y, Huang H, Pan J, Lin J, Zeng L, Liang G, 
Yang W and Liu J. Meta-analysis comparing 
platelet-rich plasma vs hyaluronic acid injec-
tion in patients with knee osteoarthritis. Pain 
Med 2019; 20: 1418-1429.

[16]	 Yu X, Chen G, Li Z, Xu R, She Y, Zhang X and 
Zhang H. Alignment results of infrared comput-
er-assisted navigation of total knee arthroplas-
ty for end-stage knee osteoarthritis. Am J 
Transl Res 2020; 12: 4772-4780.

[17]	 Liao CD, Tsauo JY, Chiu YS, Ku JW, Huang SW 
and Liou TH. Effects of elastic resistance exer-
cise after total knee replacement on muscle 
mass and physical function in elderly women 
with osteoarthritis: a randomized controlled 
trial. Am J Phys Med Rehabil 2020; 99: 381-
389.

[18]	 Xiaoyu D, Kai C, Zhihui H, Huan L, Naidong Z 
and Wenge D. Predictive value of preoperative 
erythrocyte electrophoresis exponent for acute 
deep vein thrombosis after total knee arthro-
plasty in patients with knee osteoarthritis. J 
Orthop Surg Res 2020; 15: 496.

[19]	 Kondo Y, Yoshida Y, Iioka T, Kataoka H, 
Sakamoto J, Hirase T, Honda Y, Nawata A and 
Okita M. Short-term effects of isometric quad-
riceps muscle exercise with auditory and visual 
feedback on pain, physical function, and per-
formance after total knee arthroplasty: a ran-
domized controlled trial. J Knee Surg 2020; 
[Epub ahead of print].

[20]	 Snell DL, Jerram KAS, Dunn JA, Hsieh CJ, 
DeJong G and Hooper GJ. Use of rehabilitation 
after hip and knee replacement in New 
Zealand: a national survey. N Z Med J 2020; 
133: 45-55.

[21]	 Minns Lowe CJ, Barker KL, Dewey M and 
Sackley CM. Effectiveness of physiotherapy ex-
ercise after knee arthroplasty for osteoarthri-
tis: systematic review and meta-analysis of 
randomised controlled trials. BMJ 2007; 335: 
812.

[22]	 Piva SR, Almeida GJ, Gil AB, DiGioia AM, Helsel 
DL and Sowa GA. Effect of Comprehensive be-
havioral and exercise intervention on physical 
function and activity participation after total 
knee replacement: a pilot randomized study. 
Arthritis Care Res (Hoboken) 2017; 69: 1855-
1862.

[23]	 Liu X, Li S, Wang B, An L, Ren X and Wu H. In-
traoperative and postoperative anaesthetic 
and analgesic effect of multipoint transcutane-
ous electrical acupuncture stimulation com-
bined with sufentanil anaesthesia in patients 
undergoing supratentorial craniotomy. Acu-
punct Med 2015; 33: 270-276.

[24]	 Chu Q, Wang L and Liu GZ. Effect of acupunc-
ture on hemorheology in patients with diabetic 
nephropathy. Zhen Ci Yan Jiu 2007; 32: 335-
337.

[25]	 Langkamer VG. Local vascular complications 
after knee replacement: a review with illustra-
tive case reports. Knee 2001; 8: 259-264.

[26]	 Xia ZN, Zhou Q, Zhu W and Weng XS. Low mo-
lecular weight heparin for the prevention of 
deep venous thrombosis after total knee ar-
throplasty: a systematic review and meta-anal-
ysis. Int J Surg 2018; 54: 265-275.

[27]	 Liu CZ, Xie JP, Wang LP, Zheng YY, Ma ZB, Yang 
H, Chen X, Shi GX, Li SL, Zhao JP, Han JX, Li JD, 
Wang YX, Tang L, Xue XO, Li M, Wang Y, Sun AP, 
Xing JM, Cao HJ, Zhu J and Liu JP. Immediate 
analgesia effect of single point acupuncture in 
primary dysmenorrhea: a randomized con-
trolled trial. Pain Med 2011; 12: 300-307.

[28]	 Schiller J, Korallus C, Bethge M, Karst M, 
Schmalhofer ML, Gutenbrunner C and Fink 
MG. Effects of acupuncture on quality of life 
and pain in patients with osteoporosis-a pilot 
randomized controlled trial. Arch Osteoporos 
2016; 11: 34.


