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Abstract
Background  Disturbances in the thermoregulatory system can precipitate inadvertent hypothermia in patients 
undergoing surgeries lasting over 60 min, causing serious complications in the recovery process. Cutaneous thermal 
protection is relevant for the control of temperature of patients in the perioperative setting. The standard thermal 
protection widely utilized is an electric forced warm air blanket. This study compared a new layered textile blanket 
with the standard protection. The hypothesis posited that the textile blanket could provide cutaneous thermal 
protection comparable to that of the standard protection (forced-air warming blanket), in terms of temperature 
variation and safety.

Methods  This randomized controlled trial was conducted at a Portuguese orthopedic hospital from October 
2018 to January 2019, comprising 124 adult patients undergoing elective total knee arthroplasty. Participants were 
randomly allocated to either the intervention group, receiving the textile blanket, or to the control group, receiving 
standard measures. Tympanic temperature, shivering, and thermal comfort perception were evaluated at six time 
points. Comfort dimensions and ergonomic aspects were also assessed. Parametric statistics were performed, and 
independent samples t-tests and repeated measures were used to compare temperature variations and thermal 
comfort.

Results  No statistically significant differences were found between groups in mean temperature variation, visual 
perception of thermal comfort, and thermal and perioperative comfort scales. The intervention group (n = 65) scored 
significantly higher in ergonomic evaluations compared to the control group (n = 59) for: fit to body and general 
comfort (p = 0.004), touch (p = 0.005), and feeling of comfort with the inner layer texture and shape (p < 0.001).

Conclusion  The tested blanket had a comparable performance to the standard protection, suggesting it as 
a potential sustainable alternative to the recommended measures for thermal protection. However, further 
investigations across diverse contexts and populations are needed to validate these findings.
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Background
The human body is hypothermic when the temperature 
of the core thermal compartment is below 36º C [1].

Inadvertent perioperative hypothermia is a risk that 
ranges from 4 to more than 70% of people undergoing 
surgeries lasting more than 60 min, and its consequences 
can affect the recovery process [2–6].

Sedative and anesthetic agents induce profound altera-
tions in human thermoregulation, raising the risk of 
hypothermia. This risk is further increased in individu-
als with pre-existing factors such as prior hypothermia, 
extreme ages (elderly, children, and neonates), low body 
mass index (BMI), female sex, multiple traumas, and 
comorbidities like diabetes and hypothyroidism, as well 
as chronic treatment with benzodiazepines and opi-
oids. The main complications of hypothermia include 
an increased risk of surgical wound infection, coagu-
lopathies, heightened blood loss, a greater need for 
transfusions, and prolonged duration of stay in the post-
anesthesia care unit [6, 7].

The anesthetic drugs disrupt the stimulation mecha-
nisms between the hypothalamus and the afferent neu-
rons located in peripheral areas and the skin, resulting in 
two types of thermal disturbances. First, the homeother-
mic capacity (the ability to maintain stable body temper-
ature regardless of environmental conditions) decreases 
and individuals may become poikilothermic. This means 
that their body temperature regulation is influenced by 
environmental conditions, leading to mild to moder-
ate hypothermia when exposed to cold environments or 
hyperthermia when excessively bundled or in very hot 
conditions [3]. Second, anesthesia causes a redistribution 
of body heat from the core to the periphery, decreasing 
thermoregulatory peripheral vasoconstriction and reduc-
ing the temperature gradient between the central and 
peripheral compartments, as shown in Fig. 1.

This condition results in decreased blood flow to vital 
organs in the abdomen and brain, impairing their func-
tion [1, 8, 9].

During prolonged procedures under general anesthe-
sia, core temperature decreases rapidly during the first 
hour due to the redistribution of heat from the central 
compartment (e.g., head, thorax, and abdomen) to the 
periphery (e.g., legs and arms). The redistribution of body 
heat from the core to the periphery due to anesthetic-
induced impairment of thermoregulation accounts for 
81% of the decline in core temperature during the first 
hour being the leading cause of hypothermia. After this 
initial drop, a slower, nearly linear decrease in core tem-
perature occurs between the first and third hour. Ulti-
mately, core temperature reaches a plateau, where heat 
production and loss are equal, and does not decrease fur-
ther [1, 10, 11].

During the process it is possible to conduct rigorous 
monitoring of core temperature and following the con-
clusion of the anesthetic process, central thermoregula-
tory mechanisms are reactivated, allowing the individual 
to exhibit signs of hypothermia through bodily responses 
such as shivering and/or behavioral expressions of cold 
sensation.

In cases of neuroaxial anesthesia, the redistribution 
of heat decreases according to the same tri-phasic pat-
tern as in general anesthesia, although the temperature 
decline is less pronounced (Fig. 2) and occurs below the 
level of the block (the lower half of the body) due to the 
blockade of peripheral sympathetic nerves in that region. 
During lengthy surgical procedures, the prolonged neu-
ral blockade caused by anesthesia facilitates the drop in 
temperature post-surgery, as the blockade remains active. 
The vasoconstriction above the level of the block, which 
could provide some compensation, is also impaired by 
the sedative drugs administered to these patients, render-
ing thermoregulatory responses such as shivering insuf-
ficient and inhibiting the sensation of discomfort in the 
unblocked areas (the upper half of the body) [12–14]. 
These effects may be exacerbated in older individu-
als, particularly those over 65 years of age, who exhibit 
a decreased capacity for heat production and retention 
and a lower thermogenic response [10]. Moreover, when 

Fig. 1  Heat redistribution [1]
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shivering does occur, it is often pharmacologically man-
aged to reduce oxygen demands, further diminishing its 
thermogenic function. Therefore, in the absence of effec-
tive temperature monitoring, hypothermia may go unno-
ticed [1, 14].

In addition to the effects of anesthetics, exposure 
of the surgical area to the cold perioperative environ-
ment increases the risk of temperature drop and trigger 
changes in the perception of comfort [1, 3, 5]. Thus, dur-
ing the intraoperative phase, it is crucial to keep patients 
protected since they are more exposed in the operating 
room.

Cutaneous protective measures play a crucial role in 
managing hypothermia [15, 16]. These measures encom-
pass two primary types of protection: thermal insulation 
systems, such as sheets, blankets or covers, and warming 
systems which are blankets that utilize a heat source to 
warm the patient.

Previous research has demonstrated the higher effec-
tiveness of active warming systems in managing peri-
operative hypothermia when compared to passive 
insulation methods [15–18].

However, a study has shown that the effectiveness of 
preheated cotton blankets placed over maternal women’s 
upper bodies during cesarean delivery under neuroaxial 
anesthesia is comparable to forced warm air systems in 
terms of temperature variation. It is stated that in the 
control group, although the temperature to which the 
blankets were heated is not specified, patients reported 
feeling thermal discomfort after 30 min due to the cool-
ing of the blankets. In the intervention group, it is noted 
that the forced-air warming blanket started at 43  °C, 
but 56% of participants requested a lower temperature, 

which was adjusted to 38 °C. These results highlight that 
heated thermal insulation systems can achieve the same 
level of effectiveness as warming systems in managing 
inadvertent perioperative hypothermia in short-duration 
surgeries, but they are less effective in terms of ther-
mal comfort, leading to cold discomfort [19].The heat-
ing of the patient undergoing surgery contributes to the 
control of body temperature, even when only applied to 
a part of the body [20]. While forced warm air systems 
are recommended for perioperative use [15, 16, 21], both 
patients and healthcare providers have reported several 
drawbacks associated with their application [17]. These 
include the instability of blankets due to their lightweight 
composition, the need for constant temperature adjust-
ment, equipment space requirements, waste generated 
by single-use consumables, the noise generation, and 
the increased risk of contamination associated with the 
design of warm air transport sleeves which complicates 
thorough cleaning, may discourage professionals from 
utilizing this system [17, 22].

Considering these practical challenges and the aim to 
investigate alternative approaches to current cutaneous 
warming systems, it seemed pertinent to question and 
explore whether a more advanced passive system could 
compete with active heating solutions while avoiding 
their disadvantages.

This inquiry prompted the authors to develop and 
evaluate, in a previous study, the thermal properties of a 
new insulation system. This system consists of a blanket 
inspired by layered clothing commonly used in moun-
taineering and sailing, composed of three different fab-
ric layers - one for comfort, one for insulation, and one 
external waterproof layer. The blanket is made from these 
three overlapping textile fabrics designed to be worn over 
the upper body [23].

This study aimed to assess the effectiveness of the tex-
tile layered thermal insulation blanket on temperature 
variation, on shivering incidence and on the percep-
tion of thermal and general comfort, compared to the 
standard protection, in patients undergoing total knee 
arthroplasty during the intraoperative phase. The study 
hypothesized that the textile blanket under investigation 
could provide a level of cutaneous thermal protection 
comparable to that of the standard protection, in terms of 
temperature variation and safety.

Methods
Participants
This parallel single-blinded randomized clinical trial 
(RCT) study includes patients diagnosed with gonartro-
sis admitted for surgery at a hospital in northern Portugal 
from October 2018 to January 2019. The first participant 
was recruited on October 19 and the last one on January 
29.

Fig. 2  Characteristic triphasic patterns of hypothermia under regional, 
general, or combined regional and general anesthesia [12]
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The study protocol was approved by Ethics Commit-
tee of the hospital under the code number “CEUOSS-
CMP/20.14”. Moreover it has been registered in the 
Registry of Clinical Trials under the reference number: 
NCT05131568.

The blanket tested in this study is classified as a low-risk 
medical device according to EU Regulation 1223/2009.

The study protocol was explained by the anesthe-
sia nurse to all participants, ensuring the protection 
of their rights and the confidentiality of their personal 
information.

Adult volunteers scheduled for elective total knee 
arthroplasty under neuraxial anesthesia were enrolled 
in the study. Exclusion criteria included patients with a 
temperature below 36ºC, pregnancy, or those scheduled 
for general anesthesia or revision surgery. After obtain-
ing written and informed consent, participants were ran-
domly assigned to either the intervention group (IG), or 
the control group (CG) in a ratio 1:1 using a simple ran-
domisation method through a coin toss process [24] car-
ried out by the anesthesia nurse. After being allocated 
to a group, each patient was assigned an alphanumeric 
code linked to their data collection form. This study was 
blinded for the participants, ensuring that the group to 
which they were assigned remained unknown, meaning 
they did not know whether the protection applied was 
experimental or control.

The textile layered blanket under test was applied in 
the IG, while the CG received usual care using an electric 
(an electric forced warm air blanket). Both blankets were 
suitable for use on the upper body considering the surgi-
cal site.

Based on assumptions derived from an estimated of 0.8 
and employing a t-test for independent samples, sample 
size calculation using G*Power 3.1 [25] indicated that a 
total of 84 participants with 42 participants per group 
were required to achieve 95% test power at a significance 
level of 0.05. The noncentrality parameter was 3.6660606, 
the critical t value was 1.9893186, and the degrees of free-
dom were 82. The actual power of the test was 0.9518269. 
To prevent losses, a sample size of 130 participants was 
deemed appropriate. The study ended when the predeter-
mined number of subjects was reached.

Intervention
The intervention took place in an operating room dur-
ing the intraoperative phase and adhered to periopera-
tive hypothermia control guidelines. The procedures for 
all patients followed a predefined protocol that included 
parameters such as surgical setting, environmental con-
ditions and data collection methods.

The patients underwent neuroaxial anesthesia at the 
L2-L3 level with ropivacaine and sedation with 1 mg of 
midazolam and 0.05 µg of fentanyl, which allowed them 

to remain conscious and awake throughout the surgery. 
After completing the anesthesia procedure and transfer-
ring the patient to the operating room, cutaneous protec-
tion was applied by the anesthesia nurse based on their 
assigned group. In the IG, a three-layered textile blanket 
was used, comprising three overlapping fabrics: an outer 
layer of 80% polyester and 20% polyurethane, an interme-
diate layer of 100% polyester fabric, and an inner layer of 
fabric consisting of 61% polypropylene, 34% polyamide, 
and 5% elastane as shown in Fig. 3.

In the CG, standard thermal protection was applied 
using the Warmair®135 electric forced warm air system, 
FilteredFlo® Upper Body Warming Blanket (non-woven 
fabric:198.12 × 60.96 cm) set at a temperature of 38 °C at 
the output of the power source according to the manu-
facturer and confirmed by the anesthesia team.

The blanket remained positioned over the participants’ 
upper body throughout the intraoperative phase, up 
until the patient left the operating room. Upon leaving 
the operating room, the blanket was removed, and the 
patient was provided with standard and appropriate pro-
tection before being transferred to the post-anesthesia 
care unit.

Pre-warming was not used, nor was the textile blanket 
pre-warmed.

A detailed description of potential adverse effects was 
outlined and the replacement of the blanket under test 
with the electric forced warm air blanket was scheduled 
whenever the patient’s temperature fell below 36ºC for 
more than 5 min.

Outcomes and measures
To assess the primary outcome - temperature variation 
- the tympanic method was selected and a 400-Series 
Thermistor Tympanic Temperature Sensor from Smiths 
Medical (-400) accurate to ± 0.1 ̊C at 37 ̊C and ± 0.2 ̊C at 
5 ̊C to 45 ̊C, was placed in the ear canal according to the 
manufacturer’s instructions and connected to a vital signs 
monitor to measure the patient’s core body temperature 
via the tympanic membrane. The sensor is protected by 
soft foam that conforms to the ear canal, minimizing the 
risk of injury to the tympanic membrane and acting as a 
barrier to seal out ambient air and reduce the influences 
of environmental temperature.

Temperature was assessed and recorded at six specific 
time points. Secondary outcomes, including thermal 
comfort perception measured via a visual analog scale 
and the presence of shivering, were also assessed and 
documented at these same time points throughout the 
study. Time 1 served as the baseline assessment, con-
ducted upon admission to the operating room depart-
ment. Time 2 occurred at the beginning of the surgery. 
Times 3, 4, and 5 were designated at intervals of fifteen, 
thirty, and forty-five minutes respectively, after Time 2. 
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Finally, Time 6 occurred before the patient left the oper-
ating room. At Time 4, both thermal and general com-
fort aspects were also evaluated once for each participant 
using two comfort scales.

The visual perception of thermal comfort was evalu-
ated using the Visual Analog Scale of Thermal Com-
fort  [26], a ruler-shaped instrument which allows to 
access the perception of thermal comfort in a bidirec-
tional way and consists of two main components: a 
numerical scale ranging from 0 (strong cold discomfort) 
to 10 (strong heat discomfort), with thermal neutrality, 
or comfort, identified at the midpoint (5); and a graphi-
cal representation featuring five expressive faces. The first 
face, corresponding to the range 0–2, indicates strong 
cold discomfort, while the second (2–4) represents cold 
discomfort. The third face, positioned at 5, signifies ther-
mal comfort. The fourth face (6–8) indicates heat dis-
comfort, and the fifth face (8–10) represents strong heat 
discomfort. The Thermal Comfort Scale [27], which cat-
egorizes thermal comfort into two dimensions - physi-
cal (PD) and emotional (ED) - was employed to assess 
differences between groups. This instrument consists 
of 9 items rated on a 5-point Likert scale ranging from 
1 (totally disagree) to 5 (totally agree). General aspects 
of comfort were evaluated using the Perioperative Com-
fort Scale [28]. The instrument consists of 15 items and 
assesses overall perioperative comfort and encompasses 
the three states (relief, ease, and transcendence) and four 

contexts of comfort (physical, psychospiritual, sociocul-
tural, and environmental) as proposed by Kolcaba [29]. 
The responses to items are recorded on a 6-point Likert 
scale, ranging from 1 (strongly disagree) to 6 (strongly 
agree).

Shivering was measured using the scale developed by 
Leslie and Sessler [30], categorized into three levels: 0 (no 
shivering), 1 (light shivering), and 2 (vigorous shivering).

The ergonomic aspects related to comfort were 
recorded using a dedicated form comprising 10 items: fit 
to the body, weight, comfort in the neck, comfort in the 
arms, comfort in the trunk, overall comfort, tactile feel, 
comfort with the inner layer texture, blanket color, and 
blanket shape. Responses were rated on a 5-point Likert 
scale ranging from 1 (not adequate) to 5 (completely ade-
quate). Table 1 summarizes the instruments used.

In addition to continuous monitoring and responding 
to questionnaires, all participants were encouraged to 
promptly notify researchers of any discomfort they expe-
rienced at any time.

The relative humidity and temperature of the operat-
ing room was assessed at the beginning of the surgery 
(approximately T2).

Statistical analysis
Data analysis was conducted using IBM SPSS Statistics, 
version 27.0. Descriptive statistics were utilized, and 
an exploratory univariate analysis of each variable was 

Fig. 3  Three-layered textile blanket
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performed, including measures of central tendency, dis-
persion, symmetry, and kurtosis. Outliers and missing 
values were also examined. The normality of distributions 
was assessed using the Shapiro-Wilk test. Parametric sta-
tistics were applied after verifying assumptions specific 
to each test. The strength of association between temper-
ature and thermal comfort variables was evaluated using 
Pearson’s correlation coefficient. Correlation values were 
interpreted as follows: very weak (≤ 0.2), weak (0.2 to 0.4), 
moderate (0.4 to 0.6), and strong (> 0.6).

The t-test for independent samples was employed to 
compare means between independent groups (control 
and intervention), with degrees of freedom reported in 
parentheses [31].

A repeated measures ANOVA was used to assess the 
variation in temperature and thermal comfort across 
six time points, considering both time as a within-sub-
ject factor and group as a between-subject factor. The 
assumption of sphericity was tested using Mauchly’s test, 
and if violated, the Greenhouse-Geisser correction was 
applied. Interaction effects between time and group were 
specifically evaluated to determine whether the patterns 
of variation differed between groups. For all statistical 
tests, a significance level of p < 0.05 was adopted.

Results
Out of the 130 eligible participants for inclusion in the 
sample, only 124 participated in the study. The reasons 
are depicted in the CONSORT flow diagram of the study 
population presented in Fig. 4.

As illustrated, the exclusion of patients from the study 
was not associated with any negative outcomes resulting 
from the intervention.

All baseline data were analyzed. Demographics, 
anthropometric measurements, and clinical data of the 
124 participants are summarized in Table 2.

There were significant differences in the characteristics 
of the two participant groups regarding age, BMI, and 
diastolic blood pressure. In the IG, participants were sig-
nificantly older and had lower BMI compared to the CG. 
Diastolic blood pressure values were also lower in the 
CG.

Regarding environmental variables, the mean room 
temperatures were 21.53  °C (SD = 0.72) for the IG and 
22.00  °C (SD = 0.61) for the CG, while relative humidity 
was 51.08% (SD = 8.31) for the IG and 45.68% (SD = 8.34) 
for the CG, with p-values of 0.0001, indicating statistical 
significance.

Temperature and thermal comfort variation – visual analog 
scale
Table  3 provides detailed variations in mean tempera-
tures and visual perception of thermal comfort across the 
six evaluation time points for both groups.

The results of the repeated measures tests suggest a sig-
nificant effect on the patients’ temperature over the six 
assessment points (F(5,610) = 152.794, p < 0.001), regard-
less of the group to which they belonged. A significant 
interaction was observed between time and allocation 
group (F(5,610) = 2.881, p = 0.014), indicating that the 
variation in temperature across the six moments differed 
between the two groups, becoming more pronounced 
from moment 3, as shown in Table 4.

However, when evaluating between-subject effects, no 
statistically significant differences were found in the aver-
age temperature between the experimental and control 

Table 1  Instruments used in the study 
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groups (F(1,122) = 0.689, p = 0.408), suggesting that, over-
all, the average temperatures between the two groups 
did not differ significantly. These results indicate that, 
although temperature varied over time in both groups, 
the pattern of variation differs between them, suggest-
ing that each group may have responded differently to 
the intervention. The results are graphically presented in 
Fig. 5.

Regarding the perception of thermal comfort assessed 
through a visual scale, the analysis of variance for 
repeated measures indicated a significant violation of 
sphericity, as determined by Mauchly’s test. Corrections 

were made using the Greenhouse-Geisser adjustment. 
The results demonstrated that thermal comfort has a 
significant effect over time (F(2.051, 250.216) = 11.409, 
p < 0.001). However, the interaction between thermal 
comfort and allocation group was not statistically sig-
nificant after adjustment (p = 0.072), indicating that the 
changes over time do not differ significantly between 
groups.

No correlation was found between tympanic tempera-
ture variation and the perception of thermal comfort 
variation.

Fig. 4  CONSORT flow diagram

 



Page 8 of 13Carvalho et al. BMC Anesthesiology          (2024) 24:455 

Thermal and general comfort scores
The results of the scores obtained from the Thermal 
Comfort Scale, including dimensions and the total 
scale, and general aspects of comfort from the Peri-
operative Comfort Scale, indicate minor differences 

without statistical significance between the IG and CG, 
as depicted in Table 5.

Participant responses regarding ergonomic aspects of 
comfort for both protection systems revealed statisti-
cally significant differences in eight out of the ten items 
evaluated. Blanket weight and color were the only aspects 
showing similar results between groups, as shown in 
Table 6.

Discussion
This study aimed to compare the effectiveness of a new 
thermal insulation system to the standard protection in 
the perioperative context, specifically during the intraop-
erative phase.

Several differences were observed in individual and 
environmental variables.

Despite random allocation, the study groups were not 
homogeneous in terms of age and BMI. The interven-
tion group (IG) exhibited significantly lower BMI values, 
and a higher average age compared to the control group 
(CG). Although these differences are significant, partici-
pants in both groups had BMI values above the normal 
range, with no patients classified as underweight. Conse-
quently, we believe that even though BMI is recognized 
as a risk factor [5, 10, 15, 16, 32, 33], it should not signifi-
cantly affect temperature variation for either the patients 
or the groups. Regarding age, it remains unclear whether 
the slightly lower temperature values of temperature 
observed in the intervention group are a result of the 
tested blanket’s effect or are influenced by the higher age 
values.

The diastolic blood pressure values were significantly 
lower in the CG. However, these findings cannot be defin-
itively supported or refuted due to a lack of corroborating 

Table 2  Sample characterization
Variable IG (n = 65) CG (n = 59) t(df) p

Mean (SD) Mean (SD)
Age 70.18 (8.10) 66.90 (6.71) 2.468 (122) 0.015
Comorbidities 1.58 (1.07) 1.50 (0.95) 0.508 (122) ns
Education 4.60 (2.18) 4.24 (2.05) 0.953 (122) ns
Body mass index 
(BMI)

28.95 (4.16) 30.76 (4.10) -2.432 (122) 0.016

Fasting hours 11.40 (1.80) 11.61 (2.03) -1.371 (122) ns
Systolic blood 
pressure

142.40 (18.14) 142.20 (14.89) 0.072 (122) ns

Diastolic blood 
pressure

80.77 (9.92) 75.92 (11.66) 2.504 (122) 0.014

Heart rate 69.52 (10.37) 69.07 (7.22) 0.286 (122) ns
Oxygen 
saturation

97.29 (1.72) 97.47 (1.28) -0.664 (122) ns

Surgery duration 
(mn)

72.46 (13.59) 69.32 (12.40) 1.339 (122) ns

Number (%) Number (%)
Gender
Female 55 (84.6) 48 (81.4) ns
Male 10 (15.4) 11 (18.6) ns
ASA classification
I 4 (6.2) 3 (5.1) ns
II 61 (93.8) 51 (93.2) ns
III 0 (0) 1 (1.7) ns
Abbreviations: IG, Intervention Group; CG, Control Group; SD, Standard 
Deviation; ASA, American Society of Anaesthesiologists; df, degrees of freedom

Table 3  Temperature and thermal comfort variation
IG (n = 65) CG (n = 59) t(df) p
M(SD) M(SD)

Temperature variation
T1 36.59 (0.22) 36.59 (0.26) -0.026 (122) ns
T2 36.34 (0.20) 36.33 (0.22) 0.820 (122) ns
T3 36.28 (0.18) 36.30 (0.20) 0.221 (122) ns
T4 36.27 (0.17) 36.29 (0.21) 0.615 (122) ns
T5 36.25 (0.16) 36.32 (0.20) -1.869 (122) ns
T6 36.28 (0.19) 36.35 (0.22) -1.963 (122) ns
Thermal comfort (visual analog scale)
T1 4.80 (0.44) 4.90 (0.31) -1.456 (122) ns
T2 5.00 (0.00) 4.95 (0.22) 1.1763 (122) ns
T3 5.00 (0.00) 5.00 (0.00) - ns
T4 4.97 (0.25) 5.05 (0.22) -1.925 (122) ns
T5 5.00 (0.00) 4.98 (0.13) 1.000 (122) ns
T6 5.00 (0.00) 5.00 (0.00) - ns
Abbreviations: IG, Intervention Group; CG, Control Group; M, Mean; DP, 
Standard Deviation; df, degrees of freedom; IT1 to T6, Time 1 to Time 6. Legend: 
T1, baseline values; T2, beginning of surgery; T3 to T5, 15, 30 and 45 min after 
Time 2; T6, before the patient left the operating room

Table 4  Temperature parewise comparations
Temperature Differences Standard error pb

1 2 0,252* 0,014 0,0001
3 0,299* 0,015 0,0001
4 0,304* 0,016 0,0001
5 0,302* 0,018 0,0001
6 0,267* 0,019 0,0001

2 3 0,047* 0,008 0,0001
4 0,052* 0,012 0,0001
5 0,050* 0,014 0,007
6 0,015 0,016 1,000

3 4 0,005 0,008 1,000
5 0,003 0,012 1,000
6 -0,032 0,015 0,486

4 5 -0,002 0,009 1,000
6 -0,037 0,013 0,082

5 6 -0,035* 0,009 0,001
* The mean difference is significant at the 0,05 level
b Adjustment for multiple comparisons: Bonferroni
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evidence. Existing literature only identifies systolic blood 
pressure below 140 mmHg as a risk factor [15].

Some authors suggest that environmental temperatures 
below 21 °C increase the risk of hypothermia, potentially 
leading to a decrease in body temperature of up to 1  °C 
[24, 34]. In our study, while the room temperatures in 
the intervention group (IG) were significantly lower, they 
remained above 21  °C, which may have mitigated the 
potential for body temperature reduction.

Despite the differences between the groups, according 
to the American Society of Heating, Refrigerating and 
Air-Conditioning Engineers standards [35] the values of 
ambient relative humidity range between 20% and 60%. 
Guidelines indicate that this is not an important vari-
able in relation to variations in core temperature and no 
evidence was found regarding the correlation between 
ambient relative humidity and perioperative hypothermia 
[16]. Some authors also reported in a study that ambient 

relative humidity was not correlated with the incidence 
of surgical site infection, even when ambient relative 
humidity was outside the established standards [36].

Regarding the primary outcome, body temperature 
variations during the measurement periods were similar 
between the groups, indicating minor differences in the 
descent pattern. These findings suggest comparable effi-
cacy between the two skin thermal protection methods 
in this specific context, which contrasts with previous 
studies that demonstrated significantly superior effec-
tiveness of forced warm air systems compared to thermal 
insulation systems [37, 38].

Table 5  Thermal and general comfort scores
IG (n = 65) CG (n = 59) t (df) p
M (SD) M (SD)

    Thermal comfort scale
Physical dimension 26.75 (2.39) 27.25 (2.23) 1.203 (122) ns
Emotional dimension 12.27 (1.51) 12.78 (1.19) 0.293 (122) ns
Total 39.46 (3.59) 40.03 (2.88) 0.974 (122) ns
    Perioperative comfort scale
Relief 25.89 (2.19) 26.41 (2.59) 1.199 (122) ns
Ease 16.71 (2.18) 16.86 (1.85) 0.429 (122) ns
Transcendence 21.09 (2.02) 21.47 (1.99) 1.061 (122) ns
Total 59.12 (5.44) 60.20 (5.06) 1.141 (122) ns
Abbreviations: IG, Intervention Group; CG, Control Group; M, Mean; DP, 
Standard Deviation; df, degrees of freedom

Table 6  Ergonomics evaluation
IG (n = 65) CG (n = 59) t (df) p
M (SD) M (SD)

Fit to body 4.40 (0.55) 4.10 (0.58) 2.928 (122) 0.04
Weight 4.46 (0.50) 4.31 (0.50) 1.376 (122) ns
Comfort in the 
neck

4.43 (0.50) 4.03 (0.59) 4.039 (122) 0.0001

Comfort in the 
arms

4.46 (0.50) 4.03 (0.59) 4.340 (122) 0.0001

Comfort in the 
trunk

4.43 (0.50) 4.15 (0.49) 3.148 (122) 0.02

General comfort 4.45 (0.50) 4.19 (0.47) 2.786 (122) 0.04
Touch 4.38 (0.49) 4.15 (0.41) 2.876 (122) 0.005
Comfort with the 
Inner layer texture

4.46 (0.50) 4.12 (0.42) 4.142 (122) 0.0001

Comfort with the 
Colour

4.32 (0.53) 4.27 (0.49) 0.567 (122) ns

Comfort with the 
Shape

4.43 (0.53) 4.07 (0.53) 3.799 (122) 0.0001

Abbreviations: IG, Intervention Group; CG, Control Group; M, Mean; DP, 
Standard Deviation; df, degrees of freedom

Fig. 5  Repeated measures analysis of temperature
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The temperature variations across six evaluation time 
points showed higher baseline temperatures with sig-
nificant differences compared to subsequent evaluations. 
These results underscore the link between core tempera-
ture decline and heat redistribution during anesthesia 
and surgical exposure [3].

The temperature variation observed in this study fol-
lows the usual pattern of temperature decline seen in 
neuroaxial anesthesia and supports the evidence that the 
temperature does not drop as much as in general anes-
thesia or combined anesthesia (general + epidural) [12]. 
Furthermore, the pharmacological evolution and the 
minimal doses of drugs administered may also contribute 
to a lesser decline in temperature and a reduction in the 
incidence of hypothermia in these specific contexts.

The difference observed between time point 5 and 6, 
showing stabilization or a slight temperature rise, sug-
gests that the closure of the surgical wound, complete 
protection of the operated limb with surgical dressing, 
and initiation of full-body protective measures contribute 
to the body’s rewarming process.

Regarding the visual perception of thermal comfort, 
baseline values (T1) were slightly lower in the IG but 
tended to equalize in both groups over the course of the 
study. This suggests an association between increased 
thermal comfort sensation and the effects of sedative 
drugs, which reduce anxiety and inhibit the brain’s ther-
moregulatory responses [3]. However, data indicate that 
the blockade of the cerebral thermoregulatory system 
was not sufficient to completely suppress thermal com-
fort perception: Three participants in the control group 
reported mild heat discomfort at time point 4, prompt-
ing an adjustment of the blanket temperature to 32  °C. 
Additionally, one participant in the intervention group 
experienced slight cold discomfort but reported feeling 
comfortable again after 5 min. The peak values of visual 
perception of thermal comfort observed between time 
points 5 and 6 in both groups may be related, on one 
hand, to the stabilization or slight temperature rise and, 
on the other hand, to the positive emotional effect of 
anticipating successful anesthesia and surgery, as well as 
nearing the moment of leaving the operating room.

The differences in scores on the comfort and thermal 
comfort scales were not statistically significant between 
groups, both in their dimensions and overall values. 
According to Kolcaba [29], the three types of comfort 
experience (relief, ease, and transcendence) depend on 
four contexts (physical, environmental, sociocultural, and 
psychospiritual). Given that all participants were from 
the same geographic region with similar habits, beliefs, 
traditions, and lifestyles, these findings suggest that these 
factors contribute to a uniform comfort experience.

The lack of correlation between temperature varia-
tion and the perception of thermal comfort supports the 

notion that neuroaxial block reduces patients’ sensations 
of thermal discomfort, regardless of body temperature 
values [39].

The temperature was measured using the tympanic 
method, which is recognized as one of the four pri-
mary sites for assessing core temperature [11, 39] and 
a comfortable non-invasive approach for use in awake 
patients during surgery. However, evidence suggests that 
the effectiveness depends on the care taken during the 
assessment process [11, 12, 39]. In this study, the manu-
facturer’s instructions were followed in its application.

While perioperative shivering alone is not a reliable 
indicator of hypothermia [40], its pharmacological treat-
ment is often necessary to reduce oxygen demands, 
thereby reducing thermogenesis [38, 39]. In this study, 
no incidence of shivering was observed in either group, 
which is beneficial physiologically for patient comfort. 
These results may be attributed to the lower level of neu-
roaxial block [41].

The observed differences in ergonomic aspects of per-
ceived comfort suggest that the tested blanket is more 
comfortable for participants, likely due to its better body 
fit, overall comfort, and ergonomic shape compared to 
the forced warm air system. The inflated hot air in the 
forced warm air system makes it challenging to conform 
to the patient’s body and stabilize the blanket. These find-
ings imply that the characteristics of the tested blanket 
align with patients’ preference for a cozy feeling.

Neuraxial anesthesia triggers heat redistribution from 
the core to the periphery of the body, increasing heat loss 
to the environment [1, 3, 8]. In the textile blanket under 
test the heat source is the patient’s own internal basal 
metabolic rate (around 80 watts). When properly fitted 
to the patient’s body, the blanket may capture as much 
of this metabolic energy as possible, helping to maintain 
insulation of the body’s surface and, consequently, con-
trolling hypothermia while active warming systems tend 
to not conform well to the patient’s body when inflated 
with warm air and a portion of the heat emitted from the 
source is lost to the environment, which may not contrib-
ute to control hypothermia.

Study limitations
Throughout this study, an attempt was made to exclude 
or, when this was not possible, minimise the factors influ-
encing its rigour. However, some limitations need to be 
acknowledged. The study was conducted at a single cen-
ter and involved a limited number of participants. Small 
sample sizes can diminish result accuracy and the ability 
to detect significant differences. Therefore, the replica-
tion of this study in various populations and surgical con-
texts, would be beneficial for validating and establishing 
consistency in the results obtained.
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Regarding the variables of BMI and age, there were 
significant differences between the groups in this study. 
It remains unclear whether the outcomes would differ in 
homogeneous groups.

Although all participants had a BMI above the nor-
mal range, this study was conducted with a population 
of relatively older men and women. Further research is 
needed to examine subjects with diverse thermoregula-
tory responses and insulation properties, including fac-
tors such as weight, age, and sex, to determine potential 
differences and correlations.

The configuration of the three-layered textile blanket is 
designed to apply to the upper body. Therefore, it would 
be interesting to test its effects and its thermal behaviour 
in different configurations (whole body or lower body).

The standard protection is composed of disposable 
materials, while the tested textile blanket is washable 
and reusable, which gives it an ecological advantage. 
The three-layered textile blanket underwent disinfec-
tion treatment in the laundry. Therefore, gathering data 
on the traceability, strength, and durability of these tex-
tile materials would elucidate how long their properties 
remain unchanged and ensure their safety effects persist. 
Additionally, a study has been conducted focusing on the 
costs associated with production, laundering, and main-
tenance, although without considering the cost of textile 
materials. However, this information would be valuable 
for conducting a more thorough cost analysis and gaining 
deeper insights into the comprehensive economic advan-
tages and disadvantages of its utilization.

Only tympanic temperature was assessed in this study. 
Future research could benefit from incorporating addi-
tional methods, such as skin temperature measurements, 
to evaluate, correlate, or compare results. This approach 
would help identify any differences and enhance the con-
sistency and robustness of the findings.

Implications and conclusion
This randomized clinical trial evaluated the effective-
ness of a new and innovative three-layered thermal 
insulation blanket in patients undergoing total knee 
arthroplasty under neuraxial anesthesia during the 
intraoperative phase.

Although it is widely accepted that an experiment 
does not conclusively confirm a hypothesis but rather 
subjects it to scrutiny, the minor differences in temper-
ature variation and thermal comfort as measured by 
visual scales, along with the comparable scores on gen-
eral comfort and thermal comfort scales between the 
two studied groups, regardless of the protective system 
used, suggest that the tested textile blanket performs 
comparably to the recommended standard system in 
this specific context. The redistribution of body heat 
due to anesthesia decreases core temperature while 

increasing peripheral temperature in patients and the 
gradient between peripheral temperature and the envi-
ronment also increases, leading to greater heat loss 
through radiation. Additionally, the wind chill effect 
from air movement in the operating room increases 
the potential for heat loss via convection [1]. Based 
on the results obtained, we believe that although there 
is no external heat source connected to the blanket 
under study, its composition, design, and fit to the 
body and arms can enhance the retention of heat emit-
ted by the patient, thereby preventing radiant heat loss 
to the environment in the protected body area and 
facilitating thermal insulation and protection. Since 
no harms related to its application were observed, the 
tested blanket appears to possess qualities that make it 
well-suited for use on the upper body of patients in the 
studied perioperative setting, particularly during the 
intraoperative phase.

Moreover, the blanket’s washable and reusable nature 
aligns it with sustainability principles, and its indepen-
dence from external power sources enhances its flex-
ibility and portability, making it potentially suitable 
for use in diverse surgical settings, including resource-
constrained environments like developing countries, 
field hospitals, and disaster relief scenarios.

Research has been unequivocally demonstrated the 
superior effectiveness of active warming systems in 
managing perioperative hypothermia compared to 
passive insulation methods, such as cotton sheets, 
blankets and reflective blankets. Our objective was to 
explore whether a more advanced passive system could 
compete with active heating solutions. We developed 
a blanket inspired by layered clothing commonly used 
in mountaineering and sailing, consisting of three dif-
ferent fabric layers—one for comfort, one for insula-
tion, and one waterproof layer. It should be noted that 
this blanket is not a high-tech solution; rather, it is 
constructed from readily available materials, aimed at 
enhancing patient insulation through the strategic lay-
ering of these fabrics.

Despite active heating systems remaining the gold 
standard, the findings of this study suggest that this 
innovative passive approach may offer a viable alter-
native worth further exploration. During the study, 
researchers observed impacts on healthcare profes-
sionals beyond the clinical outcomes, even though 
these aspects were not within the scope of the study 
and were not specifically investigated. The introduc-
tion of the new system eliminated heat discomfort 
among the surgical team, contributing to enhanced 
concentration and overall satisfaction during pro-
cedures. This change also heightened awareness 
among the team about the criticality of managing 
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perioperative hypothermia, prompting beneficial shifts 
in daily practices and institutional protocols.
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