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Background: Inadvertent hypothermia and shivering is recognized risk in surgery. Core temperature in patients
warmed with forced air warming remains poorly characterized. The incidence in patients with total knee arthroplasty
(TKA) leading to intraoperative hypothermia 43.9%.
Objectives: This quasi-experimental research study was conducted to compare body temperature and shivering
after surgery in patients with total knee arthroplasty who received prewarming and those who received routine
nursing care.
Methods: Thirty-first patients were randomly assigned for experimental group and Thirty-first patients for
control group. Data were collected by the following tools and methods, namely: patient demographic and clinical
characteristic records, tympanic membrane thermometer, ambient temperature and humidity meter and the
wrench’s scale. Data were analyzed by using One-way analysis of covariance (ANCOVA) to compare the
differences between the means of body temperature both groups and shivering was analyzed by Chi-square test.
Results: Body temperature in the experimental group was higher than the control group at the time before
discharged from the operating room (P < 0.001), at the time they entered the recovery room (P = 0.001) and at
30 minutes after they transferred to the recovery room (P < 0.001) and 60 minutes after they transferred to
the recovery room (P = 0.001). The means of body temperature before returning to the recovery room of both
groups were not significantly different (P = 0.391). In addition, the shivering in the experimental group was
significantly lower than the control group at time that entered to the recovery room (P = 0.009) and at 30 minutes
after transferred to the recovery room (P = 0.002). The means temperature at 60 minutes after transferred to
the recovery room the experimental group and control group were not significant difference (P = 0.1).
Conclusion: Prewarming was more effective than not prewarming in the prevention of postoperative hypothermia
and shivering in TKA.
Keywords: Prewarming, body temperature, shivering, total knee arthroplasty surgery.

Hypothermia is a condition in which the core
temperature of the body is lower than 36C.(1) It has
been documented that the incidences of postoperative
hypothermia in patients undergoing surgery ranges
between 20.0% to 60.0%.(2) The type of surgery
that causes the highest incidence of hypothermia
is total knee arthroplasty, making up 43.9%.(3) The
incidence of postoperative shivering is 43.6% in
patients undergoing orthopedics surgery.(4)
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A number of factors that lead to hypothermia in
postoperative patients included age, gender, body mass
index, preoperative core temperature lower than 36C,
and preoperative co-morbidity.(5) Surgery factors are
type of anesthesia, duration of anesthesia, intravenous
solutions, sterilization solution, and clothing. These
factors affect the functions of different organs and
systems in the body(5), resulting in abnormality of the
heart muscles, blood coagulation, and surgical wound
infections(6), as well as longer recovery period, faster
heart rates, and hypertension.(7) In addition, it can have
an effect on the patients’ mental condition. When
they experience physical discomfort of shivering, they
can develop more anxiety about the operation.(8) Such
impacts directly affect the overall health system of
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the country. Postoperative shivering is associated
with increased risk of hypertension, and faster heart
rates. It causes cellular oxygen expenditure to rise
by 400 times the normal rate, hence delayed wound
heal after the operation.(9)
European hospitals have revealed that only 40.0%
of the patients undergoing a surgery with general
anesthesia received prewarming before the surgery
and only 20.0% of them had their body temperature
measured. With regard to those who received regional
anesthesia, 20.0% received prewarming and only
6.0% had their body temperature measured during
the surgery.(10) The regional anesthesia medication
administered is Bupivacaine, which causes
numberness in the areas from the spinal cord where
the medication is injected down to the tip of the feet.(11)
It causes the core temperature to be lower than the
normal body temperature.(5) Therefore, prewarming
is required to prevent patient’s hypothermia.(12, 13)
The duration of prewarming should be around 10 to
30 minutes.(14) There are two methods of prewarming.
The first method is active warming. It is a process in
which external heat is transferred to the body using a
forced-air warming blanket, which is suitable for
patients. (15, 16) The active warming can increase the
core temperature by 0.5C to 1C. The second method
is passive warming. (15, 17) A study conducted by
McSwain JR, et al. (18) has shown that 52.0% of
the patients undergoing arthroplasty developed
hypothermia rating the effect of prewarming to
prevent hypothermia and shivering in patients
undergoing total knee arthroplasty. Patients
undergoing total knee arthroplasty are at risk of
inadvertent hypothermia during surgery due to
uncovered and exposed tissue skin, anesthesia
elimination normal protective thermoregulatory
reflexes and using fluid intravenously and wound
irrigation.(3, 19)
The objective of this study was to compare core
temperatures and shivering after surgery in patients
who received prewarming before undergoing total
knee arthroplasty and those who received only routine
nursing care.
Materials and methods
The present study was a quasi–experimental
research study was conducted after obtaining the
approval of the Institutional Review Broad of Siriraj
Hospital (IRB-NS 2017/36.0911). Written informed
consent was obtained from the recruited patients.
The population consisted of male and female patients,
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aged 18 years old and older who underwent total
knee arthroplasty for the first time. They were
patients with no pathology of the ear or ear infection,
their preoperative body temperature was not lower
than 36.5C or higher than 37.5C, they received
regional anesthesia of spinal block together with
localized anesthesia of femoral nerve block or regional
anesthesia of spinal block together with localized
anesthesia of adductor canal nerve block were
assigned to the experimental group and control group.
Exclusion criteria was comorbidity such as Thyroid
disease or Cushing syndrome. Termination criteria was
patients received general anesthesia or postoperative,
the patients were referred to critical care unit.
Patients were randomly allocated to either the
experimental group or the control group with the SPSS
program (version 18). In the experimental group, the
subjects received prewarming with a forced-air blanket
before entering the operating room for 15 - 30 minutes
with forced-air blanket (Warm Touch brand, 501
Model) whose temperature could be adjusted to four
levels of 32C, 38C, 43C, and 45C. It had the
automatic over temperature shutdown system, and
it was a full body blanket. It was set to medium level
(38C). Prewarming was stated before induction of
anesthesia. The control group, the subjects received
only routine nursing care. It was only one layer of
cotton that was not warmed.
The core temperature was measured by a
tympanic membrane thermometer (Omron brand
TH839S model). It measured the patients’ body
temperature with infrared radiation and reported the
findings digitally. Both group’s core temperature
was measured and recorded by only researcher when
they arrival in waiting room and they were discharged
from the operating room, at the time the subjects
entered the recovery room, and at 30 and 60 minutes
after the subjects were transferred to the ward. The
number of patients who became hypothermic at each
time was recorded.
In recovery room, shivering was evaluated by
wrench’s scale using a 5 point scale (0 = no shivering
observed; 1 = one or more of piloerection peripheral
cyanosis without other cause, but without visible
muscular activity; 2 = visible muscle activity confined
to one muscle group; 3 = visible muscle activity in
more than one muscle group; 4 = gross muscular
activity involving the entire body). The patients were
considered having shivering when their score was
equal to 2 points or higher.
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The sample size was calculated with the power
of analysis. (18) The power of test was set at 0.09,
with the statistical significance level of 0.05 and the
effect size of 0.8, based on a study undertaken by
McSwain JR, et al. (18) The calculated sample size
was 28 subjects in each group, to prevent the subject
loss, an additional 10.0% of the calculated sample
size, there were 31 patients in each group. Data
collection took place between May and July 2018.
Statistical analysis
Data regarding demographic characteristics were
analyzed with descriptive statistics of percentage,
mean, and standard deviation (SD). In addition,
Chi-square test and Independent t - test were used
to compare the data collected from both groups
of subjects. The differences in the means body
temperature of the subjects in the experimental group
and the control group were compared using One-way
analysis of covariance (ANCOVA), with the mean
core body temperature as a covariance. The levels of
shivering in the experimental group and the control
group were analyzed using Chi-square test.
Results
The baseline demographic characteristics were
not significantly different between experimental group
and control group (Table 1). As regards prewarming
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before administration of the spinal block with adductor
nerve block, only the subjects in the experimental
group received prewarming, with 19.5% receiving
prewarming for less than 30 minutes and 80.5%
receiving prewarming for more than 30 minutes.
When considering temperature and relative
humidity in the operating room before administration
of the spinal block with adductor nerve block until
discharge of the patients, it was found that for the
experimental group, the temperature ranged from
20C to 23C and relative humidity ranged from 54.0%
to 67.0%. The control group, the temperature ranged
from 20C to 23C and relative humidity ranged from
53.0% to 63.0%. Comparing the differences in room
temperature and relative humidity, there were no
statistically significant differences between the two
groups of subjects (P > 0.05).
Postoperative hypothermia and shivering were
significantly different between experimental group and
control group. But the mean body temperature before
returning to the recovery room was not significantly
different between groups (P > 0.05). And the
incidence of shivering were significantly different
between experimental group and control group but at
60 minutes after patients transferred to the recovery
room was not significantly different between group
(Table 2).

Table 1. Baseline demographic characteristics.
Experimental group
(n = 31)
Males
Females
Mean age (kg)
BMI (kg/m2)
Operative details
Blood transfusion (ml.)
Duration of anesthesia (minutes)
Sterile salutation (ml.)
Intravenous fluids (ml.)
Blood loss (ml.)
Baseline preoperative patients temperature (C)

8 (25.8%)
23 (74.2%)
68.0  8.9
28.5  3.5
1 (3.2%)
140.8  37.6
1,733.9  587.6
951.6  349.4
20.3  25.9
36.6  0.3

Control group
(n = 31)

P - value

7 (22.6%)
24 (77.4%)
67.0  9.1
27.2  4.9

0.5

0
158.7  31.6
1,738.7  610.8
914.8  339.7
12.9  10.5
36.7  0.2

0.16
0.25
0.317
0.169
1.0
0.818
0.179
0.026
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Table 2. The incidence of postoperative hypothermia and shivering.
Outcomes
Hypothermia (C)
Discharged from the operating room
At recovery room
30 minutes after transferred to the recovery room
60 minutes after transferred to the recovery room
Returning to the recovery room
Shivering, n (%)
Recovery room
30 minutes after transferred to the recovery room
60 minutes after transferred to the recovery room

Discussion
The findings of the present study showed
that prewarming before administration of regional
anesthesia of spinal block with adductor nerve block
using a forced-air blanket for 15 to 30 minutes could
prevent hypothermia in patients undergoing total knee
arthroplasty more effectively than a common method
of prewarming.
Reduction in body temperature of the subjects in
both groups after the surgery was completed until
the subjects arrived at the recovery room depends
on different factors. To begin with, age is one of
the factors that could explain reduction in body
temperature. The subjects in both groups were older
adults. In general, core temperature of older adults
can easily change due to an increase in age which
causes the decline in perception of heat and
coldness.(5) Also, older adults experience the decline
in metabolism to generate heat because a decrease
in muscle mass and their heat ventilation is also
reduced due to shrinkage of the sweat glands and a
deterioration of the blood ventilation system. (7) Another
factor is the type of surgery.(15) In this study, the patients
underwent total knee arthroplasty, which involved
uncovering some areas of the body, and their body
can lose its heat through evaporation, the degree of
which depends on room temperature and relative
humidity at the time of the operation. Moreover, during
the surgery, intravenous fluid was administered,
and their surgical wounds were cleaned. Water is a
medium that leads the heat deep in the body up to
the skin before it evaporates into the air around
the body. (20) As a result, patients who undergo a
major surgery or a surgery with administration of
intravenous fluids and wound cleaning can develop
hypothermia after the surgery.(2, 3) The third factor

Experimental group
(n = 31)

Control group
(n = 31)

P -value

35.7  0.5
35.6  0.5
35.9  0.4
36.2  0.5
36.6  0.3

35.4  0.5
35.3  0.5
35.6  0.5
35.9  0.6
36.6  0.2

0.007
0.047
0.017
0.045
0.698

14 (45.2)
7 (22.6)
1 (6.4)

25 (80.6)
20 (64.5)
6 (19.4)

0.009
0.002
0.104

is type and duration of anesthesia.(5) In the present
study, all subjects received regional anesthesia. It is
believed that regional anesthesia makes patients
susceptible to hypothermia as the medication dilates
their blood vessels approximately 15 minutes after
its administration, hence the heat is transferred to
the peripheral areas and heat loss occurs through
the skin, with the vein as the conductor. (21) As
regards duration of anesthesia, during the first hour
of administration, the blood vessels all over the body
are dilated, hence heat loss. During the second to
the fourth hours, the body experiences more heat loss
than heat production, so the core temperature is
significantly reduced. It has been found that if the
duration of anesthesia is longer than one hour, the
patients are more susceptible to hypothermia.(1 - 3, 9)
In addition, after the surgery is done, there is a
collapse of the tourniquet on the leg that is operated
on after the surgical wound is closed, and all
the cloth is removed, so the patients’ skin is
exposed to the low temperature in the operating
room.(4) Generally, heat loss occurs when there is
heat radiation, heat conduction, heat convection, and
heat evaporation. However, it has been reported
that heat convection and heat radiation are the two
most important causes of heat loss, as much as
85.0%. (2, 5) Even though the air conditioning system
in the operating room is turned off before the sterilized
cloth is removed, the temperature inside the operating
room can still be low, hence a significant heat loss.(6)
In this study, the differences in the means of operating
room temperature and relative humidity of the subjects
in the experimental group and control group were
not statistically significantly different. According to
Pei L, et al. (22), the temperature of the operating room
should be around 20C to 23C and the relative
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humidity should be around 40.0% to 60.0%. In the
present study, the subjects in both groups experienced
heat loss due to heat conduction as the gurney that
was used to transfer them to from the operating room
to the recovery room was cold due to the low operating
room temperature. Therefore, the subjects’ body
temperature had reduced by the time they arrived
at the recovery room. In addition, it has been
documented that the patients’ clothing can have an
effect on changes in body temperature. Patients
undergoing a surgery generally wear very few pieces
of clothing, which tend to be thin, and this can cause
further heat loss. (8, 10, 11) In this study, a forced-air
blanket was used to increase body temperature before
administration of regional anesthesia. The effects of
the anesthesia rapidly reduce the body temperature
within 30 minutes after administration. (12, 13)
Prewarming with a forced-air blanket or active
warming can increase the core temperature by 0.5C
to 1C by stimulating the body to generate more heat
before the surgery (13 - 16), hence reducing the incidence
of postoperative hypothermia.
With regard to shivering, it was found that the
subjects who received prewarming with a forced-air
blanket before administration of the spinal block with
adductor nerve block had less shivering than those
who received only routine prewarming (45.2% and
80.6%, respectively). Likewise, Muensakul S,
et al.(23) compared the effects of prewarming before
administration of the spinal block with adductor nerve
block and routine prewarming in patients undergoing
a Cesarean section and found that more of the subjects
in the control group experienced shivering than the
subjects in the experimental group, making up 70.0%
and 16.7%. In addition, De Bernadis RC, et al. (24)
conducted a study with patients undergoing a
Cesarean section and found that prewarming
before administration of anesthesia could reduce
postoperative shivering, as 10.0% and 40.0% of the
subjects in the experimental group and the control
group experienced shivering. Similarly, Shin KM,
et al. (25) examined the use of prewarming 30 minutes
before administration of general anesthesia using a
forced-air blanket with the temperature of 38C in
patients undergoing endovascular coiling of cerebral
aneurysms. The body temperatures were measured
immediately and every 20 minutes after the
administration until the surgery was done. It was
discovered that only 10.0% of the experimental
subjects experienced shivering, whereas 22.2% of
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the subjects did. In addition, Horn EP, et al. (26)
conducted a study with 200 patients undergoing
a surgery whose duration ranged from 30 to
90 minutes with prewarming being used at 10, 20,
and 30 minutes before administration of general
anesthesia. Visual inspection was employed to assess
shivering, and it was found that 6.0%, 7.0%, and 2.0%
of the patients who received prewarming 10, 20, and
30 minutes experienced shivering when they arrived
at the recovery room, respectively, while 18.0% of
the subjects who received routine prewarming had
shivering.
The research hypothesis that prewarming 15 - 30
minutes before administration of the spinal block with
adductor nerve block could reduce shivering in patients
undergoing total knee arthroplasty. Shivering is a
result of a striated muscles that rapidly produce heat
when the body is in a cool condition.(4) It has been
documented that when patients are in a room with
the average temperature of 20 C to 24 C with
relative humidity of 50.0% to 55.0% (12) the cold
receptors on the skin and in the spinal cord will
send the data that there is a reduction in body
temperature to the dorsomedian portion of the posterior
hypothalamus, which will process the data and send
the order back down the spinal cord to let the motor
neuron controls the functioning of the striated
muscles. (11) The command is not rhythmic and
increases the tone of the striated muscles all over
the body.(27) Once the tone reaches a critical point,
asynchronous muscle contraction will take place,
which is involuntary control.(21) It is believed that
shivering of the striated muscles is a reflex mechanism
of muscle spindle, and it can produce the heat up to
four to five times of the heat that is generated in a
normal condition. (27)
Implications of the findings
It could be concluded that the use of the forcedair blanket can help reduce the incidence of
hypothermia in patients undergoing total knee
arthroplasty. A guideline on the use of a forced-air
blanket should be developed to reduce shivering
and discomfort in patients undergoing total knee
arthroplasty.
Recommendations
Further researches should be conducted to
investigate the effects of prewarming longer than
30 minutes or compare different durations of
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prewarming to determine the duration of prewarming
that most effectively reduces hypothermia and
shivering. In the present study, all subjects received
regional anesthesia. Studies should be carried out to
compare the use of prewarming with a forced-air
blanket with patients who receive general anesthesia
and those who receive regional anesthesia. The
present study examined the effects of prewarming
with a forced-air blanket on hypothermia and shivering.
In the future, the effects of prewarming with a forcedair blanket on anxiety and pain should also be explored.
This research was done at a university hospital.
The sample group was maintained by a health team
with specialized expertise and equipment, receiving
equal treatment for all rights of treatment. Therefore,
there might be a limitation in applying the results to
refer to patients with different contexts with this study.
Conclusion
The results showed prewarming before
administration of the spinal block together with localized
anesthesia of femoral nerve block or regional
anesthesia of spinal block together with localized
anesthesia of adductor canal nerve block is effective
in reducing the occurrence of hypothermia and
postoperative shivering. Therefore, this should be a
guideline for improvement of nursing care.
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