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INTRODUCTION
The global elderly population is increasing rapidly. 

According to data, the global elderly population will reach 1 

billion in 2019. It is expected that by 2030, the Number will 
increase to 1.4 billion, and by 2050, the Number will increase to 
2.1 billion, among which the population aging situation in 
developing countries is relatively serious.1-2 The aging population 
is one of the main reasons for the increasing incidence rate of 
various bone and joint diseases.3 Since the elderly do not engage 
in or rarely engage in running, jumping, weight-bearing and 
other intense or heavy physical activities for a long time, joint 
function will gradually develop in the direction of atrophy and 
regression. The occurrence of bone and joint diseases will not 
only bring pain to patients but also limit their limb activities and 
many other problems, which will have a serious impact on the 
daily life of patients.4-5 With the development of medical 
technology, artificial joint replacement has become one of the 
most effective means for the clinical treatment of senile 
degenerative end-stage bone and joint diseases. 

ABSTRACT
Background • Artificial joint replacement has become one 
of the most effective means for the clinical treatment of 
senile degenerative end-stage bone and joint diseases. All 
complications were directly or indirectly related to bleeding, 
and low body temperature can lead to bleeding, which have 
been a conceren in rthroplasty for elderly patients. 
Methods • The computer retrieves eight databases, 
including Cochrane Library, PubMed, EMbase, Web of 
Science, CNKI, China Biomedical Literature Database 
(CBM), VIP and WanFang, to obtain controlled trials at 
home and abroad on the effects of body temperature 
protection on intraoperative bleeding in elderly patients 
undergoing arthroplasty. The search term is “temperature”, 
“bleeding,” and “arthroplasty”. The search time was from 
the establishment of the library until February 2022. The 
literature screening results were obtained by reading the 
full text, and the process was completed independently by 
2 researchers.After a rigorous literature quality evaluation, 
data analysis was performed using RevMan 5.3 software. 
Results • 9 studies were ultimately included in this meta-
analysis. 8 studies reported the blood loss of the test group 
and the control group. Meta-analysis showed that the  

blood loss of the test group was significantly lower (SMD: 
-45.09; 95% Cl: -67.76, -22.43; P < .01) than the control 
group. 44 studies showed that the Number of blood 
transfusions of the experimental group was significantly 
lower than the control group (OR:0.60; 95% Cl: 0.39,0.92; 
P = .01). 3 studies showed that the intraoperative 
temperature of the experimental group was significantly 
higher than the control group (SMD:0.60; 95% Cl: 
0.20,0.99; P = .003). 4 studies showed that the postoperative 
temperature of the test group was significantly higher than 
the control group (SMD: 0.83; 95% Cl: 0.47,1.19; P < .01). 
4 studies showed that the shiver incidence of the 
experimental group was significantly lower than the 
control group (OR:0.29; 95% Cl: 0.19,0.46; P < .01).
Conclusion • The results of this study suggest that active 
body temperature protection may be effective on 
intraoperative bleeding in elderly patients undergoing 
arthroplasty, as evidenced by blood loss, number of blood 
transfusions, intraoperative temperature, postoperative 
temperature, shiver incidence, length of hospital stay.  
(Altern Ther Health Med. [E-pub ahead of print.])
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total joint replacement are elderly. The elderly are more likely 
to have underlying diseases than the young, massive blood loss 
undoubtedly increases the deterioration of underlying diseases. 
There are also some risks associated with blood transfusions, 
such as transfusion reaction, immunosuppression, transmission 
of infectious disease, kidney failure and so on.17 At present, 
there are some methods to reduce perioperative allogeneic 
blood transfusion, including controlled hypotension, 
autologous blood transfusion, hypotension anesthesia, the use 
of anti-fibrinolytic drugs, etc. Many clinical research ideas that 
perioperative blood loss of patients, not only intraoperative 
bleeding, postoperative drainage, such as these several 
dominant blood loss. Many scholars put forward the concept 
of recessive blood loss, pointing out that recessive blood loss 
accounts for 60.60% of total blood loss.18 The possible causes of 
recessive blood loss are mainly hemolytic mechanism, tissue 
space exudation19-20 and so on. The mechanism of occult blood 
loss is still unclear, and how to control the amount of blood 
loss is an urgent problem to be managed in hip arthroplasty. 
Thus, we conducted a meta-analysis to examine the effect of 
body temperature protection on intraoperative bleeding in 
elderly patients undergoing arthroplasty.

MATERIALS AND METHODS
Selection of Studies.

The inclusion criteria. The randomized controlled trials 
(RCTs) on the effects of body temperature protection on 
intraoperative bleeding in elderly patients undergoing arthroplasty. 
No language restrictions were applied in this search.

The exclusion criteria. The animal trials were excluded.

Selection of Participants 
Elderly patients undergoing arthroplasty. 

Types of Interventions
The intervention group received active body temperature 

protection in the treatment of elderly patients undergoing 
arthroplasty, and the control group received routine body 
temperature protection in the treatment of elderly patients 
undergoing arthroplasty.

Types of Outcome Measures. 
Outcome indicators for elderly patients undergoing 

arthroplasty: According to research, the assessment tools for 
the effects of body temperature protection on intraoperative 
bleeding in elderly patients undergoing arthroplasty are: (1)  
Blood loss; (2) Number of blood transfusions; (3) 
Intraoperative temperature; (4) Postoperative temperature; 
(5) Shiver incidence; (6) Length of hospital stay. The literature 
included in this study evaluated outcome measures using at 
least one of the above scales. 

Search Strategy 
The computer retrieves the databases: Cochrane Library, 

PubMed, EMbase, Web of Science, CNKI, China Biomedical 
Literature Database (CBM), VIP and WanFang. The search 

Artificial joint replacement (AJR) is a bone and joint 
operation that uses artificial joints made of artificial materials 
to replace damaged joints according to the shape, structure 
and function of human joints, which can effectively relieve 
pain and improve joint function. With the continuous 
development of joint replacement technology, the success 
rate of surgery has gradually increased, and more and more 
patients choose to perform joint replacement.6-7 According to 
statistics, total hip arthroplasty (THA) is expected to increase 
by 71% to 635 thousand in the United States by 2030, and 
total knee arthroplasty (TKA) is expected to increase by 85% 
to 1.26 million.8 As of 2019, the Number of total joint 
arthroplasties performed in China has exceeded 950 thousand 
cases, 6 and has been of great clinical success and is 
considered to be one of the most successful orthopedic 
operations of the 20th century. Also known as the “Surgery of 
the century,” more than 90% of patients currently have a 
prosthesis that is more than 20 years old.9 The health outcome 
after total joint replacement depends not only on the 
successful operation but also on the good functional exercise 
after the operation. However, the elderly patients were 
affected by such factors as poor physical function, poor 
prognosis, more preoperative complications, poor nutritional 
status, high risk of postoperative complications, and slow 
postoperative rehabilitation; therefore, the subjects of this 
study are elderly patients with joint replacement.

Hypothermia during surgery is a common clinical 
accident, and the current literature reports an incidence of 
approximately 11.2%-43.9% in joint replacement.10-12 The 
decrease of the patient’s body temperature during the 
operation is the result of the combined action of many 
factors.  Among them, long-term exposure to low temperature 
environment is the primary factor causing intraoperative 
hypothermia. After the patient enters the operating room, his 
body temperature begins to be affected by the low temperature 
environment. In addition, when general anesthesia is 
performed, the patient’s consciousness is lost, the function of 
hypothalamic thermoregulatory center is also lost, and the 
patient’s muscles are relaxed and heat production is reduced. 
Intraoperative hypothermia can lead to a series of 
complications, such as fever, increased risk of heart disease, 
increased incidence of surgical site infection, prolonged use 
of anesthetics, and prolonged hospital stay; among them, 
hypothermia has a significant impact on the patient’s 
intraoperative wound bleeding, leading to increased blood 
transfusion during the operation, which leads to the patient’s 
postoperative recovery time prolonged and so on.13

Artificial joint replacement can reconstruct the function 
of joints and improve the life quality of patients. Arthroplasties 
treat diseases including ankylosing spondylitis, knee 
osteoarthritis, hip arthritis, femoral neck fracture, hip dysplasia 
osteoarthritis, Rheumatoid Arthritis, and aseptic necrosis of 
the femoral head. Diseases requiring joint replacement, 
especially fractures, have a high perioperative blood loss of 
approximately 1118-1651 ml,14 so a large proportion of patients 
require blood transfusion.15-16 Since most patients undergoing 
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of the test group was significantly lower (SMD: -45.09; 95% 
Cl: -67.76, -22.43; P < .01, Figure 2) than the control group. 
Sensitivity analyses are performed to assess the robustness of 
the results by testing the impact of individual studies on the 

term is “temperature”, “bleeding,” and “arthroplasty”. The 
search time was from the establishment of the library until 
February 2022. The specific steps of the literature search are: 
(1) search for relevant documents in the Chinese and English 
databases, read the title, abstract, and Keywords to further 
identify the search terms for this study; (2) The English 
database search used “MeSH Terms” to identify the subject 
terms, searched using a combination of subject words and 
keywords.

Data Extraction and Quality Assessment.
The abstract was initially screened, and after the initial 

screening, the literature screening results were obtained by 
reading the full text, and the process was completed 
independently by 2 researchers. Exchange screening results, 
discuss dissenting literature or consult a third researcher 
until the results are agreed. The information extracted from 
the data includes basic information of the literature, type of 
study, study object, sample size, intervention content, 
outcome measures, etc. Cochrane bias risk assessment tool 
was used to quality assessment.  

Statistical Analysis. 
This meta-analysis was conducted by using Review 

Manager (RevMan). Effects are combined: The outcome 
measures in this study were all measured data, and the tools 
used to evaluate are different. There are differences between 
scores; therefore, the standardized mean difference is used 
(standardized mean difference, SMD) and 95%Letters to the 
zone (confidence interval, CI) As an indicator of effect. Standard 
Deviation is most commonly used in probability statistics as the 
degree of statistical distribution (stati). (2) Heterogeneity test: 
Chi-square tests are used to determine whether there is 
heterogeneity between studies, if P > .1, I2 < 50%,The included 
studies were said to be more homogeneous, Proceed with a 
fixed-effects model Meta analysis; if P<0.1, I2 ≥ 50%, 
Heterogeneity was indicated in the included studies. Analyze 
heterogeneous sources, If there is no clinical heterogeneity, A 
random-effects model is used Meta analyses. Furthermore, 
possible differences of qualitative factors were subgroup 
analyzed. P < .05 was considered as significant difference.

RESULTS 
Search Results 

Based on the search strategy, 652 references were 
identified. After excluding duplicate studies, 50 studies were 
scanned based on abstract and title. Then, 12 articles were 
evaluated in full text. After full-text evaluation, 3 records 
were excluded for the following reasons: data mismatch 
(n=2) and missing data (n=1). Ultimately, 9 studies21-29 were 
included in this meta-analysis (Table 1). The PRISMA 
statement flow chart shows this process (Figure 1).

Blood loss 
8 studies reported the blood loss of the test group and 

the control group. Meta-analysis showed that the blood loss 

Figure 1. Flow Chart.

Table 1. The basic characteristics of the included studies.

Study
Sample 
Size(T/C)

Man/
Woman

Age (years)(Mean±SD)
(T/C) T C Main Outcomes

Xu,2019 83/78 70/91 70.4±4.7/69.3±4.9 Active Routine ①⑤
Yi,2018 30/32 46/16 57.9±11.8/58.5±11.5 Active Routine ①②⑥
Winkler,2000 75/75 65/85 65±11/64±11 Active Routine ①②③④
Sun,2016 44/44 41/47 53.8±3.3/54.0±3.5 Active Routine ①⑤
Pan,2017 40/40 44/36 68.12/66.2 Active Routine ①③④⑤
Gu,2013 75/75 54/96 73.3±4.7/72.6±4.4 Active Routine ①②⑥
Si,2017 20/20 23/17 64.1±7. 5/66.3+6.8 Active Routine ①③④
Liang,2016 28/35 29/34 57.54±13.84/53.94±14.63 Active Routine ②④⑤⑥
Zhang,2019 50/50 71/29 70.44±7.58/70.44±7.58 Active Routine ①

Abbreviations: T: trial group; C: control group. Active: Active body temperature 
protection; Routin: Routin body temperature protection. ① Blood loss; ② 
Number of blood transfusions; ③ Intraoperative temperature; ④ Postoperative 
temperature; ⑤ Shiver incidence; ⑥ Length of hospital stay.

Figure 2. Forest illustration of the Blood loss.
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Intraoperative temperature. 
3 studies reported the intraoperative temperature of the test 

group and the control group. Meta-analysis showed that the 
intraoperative temperature of the experimental group was 
significantly higher than the control group (SMD:0.60; 95% Cl: 
0.20,0.99; P = .003, Figure 6). Compared with the control group, 
active body temperature protection in the treatment of elderly 
patients undergoing arthroplasty increases the level of intraoperative 
temperature. The results of all these trials showed high heterogeneity, 
and a sensitivity analysis was conducted (Figure 7).

overall findings. The results of all these trials showed high 
heterogeneity, and a sensitivity analysis was conducted 
(Figure 3). Compared with the control group, active body 
temperature protection in the treatment of elderly patients 
undergoing arthroplasty decreases the level of blood loss. 
Begg’s test, Egger’s test, and Macaskill’s test are three common 
meta-analyses were used to quantitatively evaluate their 
“publication bias. Begg’s test calculation is more complex, 
after the standardizd  judgment of the effect size y* and the 
variance v , the existence of publication bias is evaluated.The 
Begg’s Test is 0.536, and the Egger’s test is 0.313, so this 
research results are relatively stable, and there is no obvious 
publication bias.

Number of blood transfusions. 
4 studies reported the Number of blood transfusions of 

the test group and the control group. Meta-analysis showed 
that the Number of blood transfusions of the experimental 
group was significantly lower than the control group 
(OR:0.60; 95% Cl: 0.39,0.92; P = .019, Figure 4). Compared 
with the control group, active body temperature protection 
in the treatment of elderly patients undergoing arthroplasty 
decreases the Number of blood transfusions. The results of all 
these trials showed low heterogeneity, and a sensitivity 
analysis was conducted (Figure 5).

Figure 3. Sensitivity analysis of the Blood loss. Figure 4. Forest illustration of the Number of blood transfusions.

Figure 5. Sensitivity analysis of the Number of blood 
transfusions.

Figure 6. Forest illustration of the Intraoperative temperature.

Figure 7. Sensitivity analysis of the Intraoperative temperature.
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difference in the length of hospital stay between the two 
groups (SMD: -0.65; 95% Cl: -2.119,0.88; P = .044, Figure 
12). Compared with the control group, active body 
temperature protection in the treatment of elderly patients 
undergoing arthroplasty did not decrease the level of length 
of hospital stay. The results of all these trials showed moderate 
heterogeneity, and a sensitivity analysis was conducted 
(Figure 13).

Postoperative temperature. 
4 studies reported the postoperative temperature of the test 

group and the control group. Meta-analysis showed that the 
postoperative temperature of the test group was significantly 
higher than the control group (SMD: 0.83; 95% Cl: 0.47,1.19; P < 
.01, Figure 8). Compared with the control group, active body 
temperature protection in the treatment of elderly patients 
undergoing arthroplasty increases the level of postoperative 
temperature. The results of all these trials showed high 
heterogeneity, and a sensitivity analysis was conducted (Figure 9).

Incidence of Shiver. 
4 studies reported the shiver incidence of the test group 

and the control group. Meta-analysis showed that the shiver 
incidence of the experimental group was significantly lower 
than the control group (OR:0.29; 95% Cl: 0.19,0.46; P < .01, 
Figure 10). Compared with the control group, active body 
temperature protection in the treatment of elderly patients 
undergoing arthroplasty decreases the shiver incidence. The 
results of all these trials showed low heterogeneity, and a 
sensitivity analysis was conducted (Figure 11).

Length of hospital stay. 
3 studies reported the length of hospital stay of the test 

group and the control group. There was no significant 

Figure 8. Forest illustration of the Postoperative temperature. Figure 9. Sensitivity analysis of the Postoperative temperature.

Figure 10. Forest illustration of the Shiver incidence. Figure 11. Sensitivity analysis of the Shiver incidence.

Figure 12. Forest illustration of the Length of hospital stay.
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arthroplasty, as evidenced by blood loss, number of blood 
transfusions, intraoperative temperature, postoperative 
temperature, shiver incidence, length of hospital stay.  

Related studies found that33-34 operation can cause 
hyperfibrinolysis, and increase intraoperative and postoperative 
early bleeding. Maintaining normal blood volume plays a vital 
role in the prevention and treatment of hemorrhagic shock 
and tissue hypoxia. At this time, it is very important to 
accurately judge the amount of blood loss and the trend of 
disease change. Hypovolemic shock occurs when blood loss 
reaches 30% of circulating blood volume and is not treated. 
Total blood loss is affected by a number of factors and can be 
broadly classified into three categories. 1. Preoperative factors 
related to the type of disease, femoral head necrosis and 
rheumatoid arthritis patients will significantly increase the 
amount of drainage; Acetabular deformities (including 
congenital acetabular dysplasia and osteoarthritis after 
acetabular fractures) require re-grinding and reconstruction of 
the acetabulum, with a significant increase in postoperative 
drainage, and are associated with primary replacement or 
revision, in addition, long-term use of nsaids, glucocorticoid, 
reserpine, aspirin, etc. Before surgery can increase the amount 
of blood oozing after surgery, long-term excessive drinking, 
hypertension history of more than 3 years or preoperative liver 
function abnormalities can also cause postoperative drainage 
volume increase.35-36 2. Intraoperative factors: excessive filing 
of the bony acetabulum or too small selection of acetabulum 
leads to an increase in the exposure of the acetabular bed, 
which can directly lead to an increase in the amount of blood 
oozing after surgery. 3. Postoperative factors: postoperative 
functional rehabilitation of the intensity of excessive will, to 
some extent, lead to increased drainage.37 Blood routine 
examination after the operation showed that the hemoglobin 
of the patients decreased significantly and even appeared to 
have moderate anemia, which led to a serious decline in the 
recovery and anti-infection ability of the patients after the 
operation. Lee et al. 38 reported massive bleeding during and 
after surgery. Acute blood deficiency during and after hip 
arthroplasty severely affects the smooth recovery of patients 
and increases the possibility of infection in the operative area, 
even life-threatening, which often requires massive blood 
transfusions. Allogeneic blood transfusion is the main method 
to correct acute postoperative blood loss. However, adverse 
effects of allogeneic blood transfusion have been reported 
from time to time, which can lead to increased transfusion 
complications in patients and also increased medical costs in 
patients. How to reduce the rate of allogeneic blood transfusion 
has become a major challenge of artificial joint replacement.

A total of 9 literature were included in this study, including 
455 patients in the experimental group and 449 patients in the 
control group. Meta-analysis showed that elderly patients 
undergoing arthroplasty who received active body temperature 
protection had lower levels of blood loss compared with 
controls. After heating, the body is warmed by air convection 
or contact conduction to reduce heat loss, so as to maintain the 
patient’s core body temperature in the normal range, and do 

DISCUSSION
TJA, including THA and TKA, is a major treatment for 

advanced joint disease. It can effectively help patients to 
relieve joint pain and discomfort caused by severe joint 
deformity, restore joint range of motion, and improve quality 
of life. Using the latest national data system analysis, the U. S. 
TJA will continue to grow linearly or slowly in the next few 
years. The population is aging, with a sharp increase in the 
elderly population and an increase in joint pain due to 
degeneration, and therefore, a relatively greater number of 
patients requiring joint replacement surgery. Although joint 
replacement has many benefits, it can also result in more 
surgical complications. Common surgical complications 
include infection, pain, fractures, and joint dislocation, even 
leading to massive blood loss, blood loss is one of the most 
common complications during surgery, and may result in the 
need for allogeneic blood transfusions if the patient has more 
blood loss. Perioperative allogeneic blood transfusion can 
lead to more complications, including the spread of infectious 
diseases, immune response, heart and lung complications 
and prolonged hospital stay. Previous studies have shown 
that in non-orthopedic procedures, higher transfusion rates 
are clearly associated with intraoperative hypothermia, and a 
review of the literature found a positive correlation between 
transfusion rates and hypothermia. Although the current 
definition of hypothermia varies, the prevailing view is that 
the body temperature is below 36°C, and intraoperative 
hypothermia is due to, among other things, the effects of 
anesthetics during the surgical procedure and skin, long-
term, a common occurrence resulting from exposure. 
Hypothermia can lead to changes in the body’s basic 
metabolism and delayed drug metabolism. Under the 
condition of hypothermia, the basal metabolic rate of the 
body is further reduced, and the metabolism and excretion 
time of a variety of drugs are prolonged, thus prolongating 
the anesthesia time and affecting the recovery and recovery 
of patients. Hypothermia was also associated with fever, 
increased risk of heart disease, increased rates of surgical site 
infection, prolonged use of anesthetic agents, and prolonged 
hospital stay.30-32 The results of this study suggest that active 
body temperature protection may be effective on 
intraoperative bleeding in elderly patients undergoing 

Figure 13. Sensitivity analysis of the Length of hospital stay.
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not increase the incision infection rate. Compared with passive 
insulation (quilt and cotton blanket), it can more effectively 
prevent perioperative hypothermia and accelerate the 
rewarming of patients with hypothermia. Meta-analysis 
showed satisfactory blood loss for the experimental group 
(SMD: -45.09; 95% Cl: -67.76, -22.43; P < .01). Based on the 
results of the meta-analysis of Number of blood transfusions, 
compared to the control group, meta-analysis showed that the 
Number of blood transfusions of the test group was significantly 
lower (OR:0.60; 95% Cl: 0.39,0.92; P = .019). Based on the 
results of the meta-analysis of intraoperative temperature, 
compared to the control group, meta-analysis showed that the 
intraoperative temperature of the test group was significantly 
higher (SMD:0.60; 95% Cl: 0.20,0.99; P = .003). Based on the 
results of the meta-analysis of postoperative temperature, 
compared to the control group, meta-analysis showed that the 
postoperative temperature of the test group was significantly 
higher (SMD: 0.83; 95% Cl: 0.47,1.19; P < .01). Meta-analysis 
showed that the shiver incidence of the experimental group 
was significantly lower (OR:0.29; 95% Cl: 0.19,0.46; P < .01). 
For the results of the meta-analysis of length of hospital stay, 
compared with the control group, meta-analysis showed that 
the length of hospital stay of the test group was no significant 
statistical significance than the control group.

Limitations
The limitations of this systematic review are that only 

Chinese and English literature was searched, with no other 
language literature obtained. Also, there may be incomplete 
research inclusion and bias in selection. Therefore, further 
studies are still needed to verify this conclusion.

CONCLUSION
The results of this study suggest that active body 

temperature protection may be effective on intraoperative 
bleeding in elderly patients undergoing arthroplasty, as 
evidenced by blood loss, Number of blood transfusions, 
intraoperative temperature, postoperative temperature, 
shiver incidence, length of hospital stay, and the above 
conclusions need to be verified by more high-quality studies.  
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