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A B S T R A C T

Background: The use of body-warming systems is recommended by international anaesthesia societies for patients 
undergoing surgery. Limited research is however available on the influence of positioning of forced-air warming 
blankets for patients undergoing spinal surgery. This study aimed to investigate how patients’ intra-operative 
body temperature was affected by the position of forced-air warming blankets while undergoing spinal sur
gery on a spinal table.
Design: A randomized comparative experimental study was conducted with 60 adult patients undergoing pos
terior spinal surgery.
Methods: Patients were randomized into full underbody (n = 30) or surgical access (n = 30) forced-air warming 
blanket groups. Intra-operative body temperature was recorded at regular time intervals. The student’s T-test, 
Chi-square, and MANOVA tests were performed to determine the differences between the two groups.
Results: Intraoperative hypothermia was significantly lower in the full underbody group than in the surgical 
access group (p = 0.020). The change in body temperature differed significantly between the two groups from 
15 min until 240 min, with a mean difference of 0.5 ◦C.
Conclusion: The full underbody position of the forced-air warming blanket was effective for maintaining normal 
range core body temperature. The use of full underbody forced-air warming blanket for spinal surgery when 
patients are positioned on a spinal table in a prone position is recommended.

1. Introduction

Annually millions of elective and emergency surgeries are performed 
giving rise to many complications. Hypothermia during surgery is a 
common and often overlooked complication that increases a patient’s 
risk for developing surgical site infections, delayed wound healing, 
coagulopathies and prolonged recovery [1–3].

General anaesthesia causes a decrease in a patient’s body tempera
ture of up to 2.8 ◦C within 2 h of inducing general anaesthesia.3, 4–6. 
Anaesthetic drugs are known to dysregulate thermoregulatory homeo
stasis [4]. In addition to the drop in patients body temperature due to 
anaesthetic drugs, the operating room temperature is set at 18 ◦C or 
lower to provide comfort for the surgical team wearing heavy protective 
gowns [5]. In some cases, hypothermia is exacerbated due to the use of 
the Jackson Table, a frame like bed specifically designed for patients to 
be operated in the prone position exposing a larger body surface area to 
the environment [6].

To combat perioperative hypothermia the use of active warming 

system is strongly advised for patients at risk for hypothermia and sur
geries lasting longer than 30 min [7,8]. Active warming systems include 
electrical blankets, forced-air warming systems, electric mattresses, 
warmed intravenous fluid and warmed irrigation fluids [9,10]. 
Forced-air warming systems have demonstrated effectiveness in the 
prevention and management of hypothermia of a patient during the 
perioperative phase [11–13]. In addition, the use of forced air warming 
system was found to be cost-effective for patients and the healthcare 
system [14].

Patients undergoing spinal surgery are at risk for developing intra- 
operative hypothermia as surgery may take four to 8 h depending in 
the interventions required [15,16].

The forced air warming system blankets available to surgical teams 
for spinal surgery are for example underbody blankets and surgical ac
cess blankets. Studies done on the positioning of forced air warming 
blankets are limited to cardiac and abdominal surgeries, caesarean 
section as well as laparoscopic surgeries [17,18]. Most of these studies 
were done on patients operated on a solid table in the supine position.
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Currently there is limited evidence available on the positioning of a 
forced air warming blankets to prevent intraoperative hypothermia for 
patients undergoing spinal surgery on a Jackson Table [19]. We there
fore report on how forced air warming blanket position influenced pa
tient’s intraoperative body temperature during spinal surgery on a 
Jackson Table.

2. Methods

This was a randomized comparative experimental study. Ethical 
approval was obtained from the Faculty of Health Research Ethics 
Committee, University of Pretoria (881/2020). Patients undergoing 
spinal surgery between January 2020 and December 2021 were 
recruited by the surgeon during pre-operative consultation. The inclu
sion criteria were adult patients (>18 years) requiring spinal surgery in 
the prone position using a Jackson Table, with surgery lasting for more 
than 3 h. The exclusion criteria were patients booked for cervical spinal 
surgery, anterior approach spinal cases, and spinal surgeries lasting less 
than 2 h such as spinal wound debridement and seroma drainage. Pa
tients who gave informed consent to participate were randomized to 
either the full-underbody or surgical access blanket using the forced air 
warming system. A total sample size of 52 patients, 26 per group was 
calculated, with an 80 % probability that the study will detect a treat
ment difference at a two-sided 0.05 significance level, if the true dif
ference between treatments is 0.6 units (◦C) [20]. The sample size was 
increased to 30 patients per group to allow for a possible dropout of 15 
%.

2.1. Procedures

All patients received a temperature sensing Rűsch Sensor Transure
thral catheter (Teleflex Medical, Ireland), which recorded patients’ 
intra-operative core temperature during the surgery. The two forced 
warming system blankets models (Bair Hugger™, 3M Medical, USA) 
used were the surgical access blanket model 570 and the full-underbody 
blanket model 635, both of which were connected to the 3M™ Bair 
Hugger™ warming unit (model 77,500). The temperature setting on the 
unit was set to 43 ◦C. The urinary catheter temperature probe was 
connected to the anaesthetic machine which continuously recorded core 
temperature.

Spinal surgery was done with patients in the prone position, and a 
HE-508 E Jackson spinal table (Howell, China) was used as the surgical 
bed. Patients received warmed intravenous fluid and the ambient tem
perature of the theatre was set to 18 ◦C.

2.2. Measurements

Preoperatively, we recorded patient characteristics including age, 
sex, body mass index (BMI), smoking status, and comorbidities. The 
primary measurement was intra-operative core temperature, which was 
captured every 15 min for the first hour and thereafter every 30 min 
until the end of surgery. The incidence of intraoperative hypothermia 
was recorded as well as intraoperative blood loss and duration of 
surgery.

2.3. Data analysis

Data were analysed using IBM Statistical Version 28. Measures of 
central tendency and dispersion were calculated to describe the sample. 
The Student’s T-test and Chi-square test were used to compare patient 
characteristics between the two groups for continuous and categorical 
variables respectively. Multivariate analysis of variance (MANOVA) 
tests was performed to determine the differences in the intra-operative 
temperature readings between the two groups for different time 
points. A p-value <0.05 was considered significant.

3. Results

There were 200 patients screened for this study. A total of 60 patients 
participated in the study. Fig. 1 shows the flow of participants through 
the study.

Fig. 1 CONSORT 2010 flow diagram: Participant flow through the 
study.

3.1. Patient characteristics

Patient characteristics are summarised in Table 1. Patient charac
teristics did not differ significantly between the two groups, except for 
male-to-female ratio (p = 0.001).

3.2. Intraoperative outcomes

The overall incidence of intraoperative hypothermia was signifi
cantly lower in the full underbody blanket group than in the surgical 
access blanket group (p = 0.020) (Table 2). The severity of intra
operative hypothermia was not associated with blanket position (p =
0.289). Intraoperative blood loss did not differ significantly between the 
two groups (p = 0.466). The duration of the surgical procedure was, 
however, significantly longer in the full underbody group than in the 
surgical access group (p = 0.026).

The intraoperative body temperatures of patients in the two forced 
air warming system blanket groups are illustrated in Fig. 2. Patients in 
the different groups were compared for up to 240 min where both 
groups still had equal numbers of patients. The change in body tem
perature differed significantly between the two groups from 15 min until 
240 min, with a mean difference of 0.5 ◦C. The mean intraoperative 
body temperature of the full underbody group was greater than 36 ◦C 
throughout the surgical procedure, thereby preventing intraoperative 
hypothermia. In contrast, the mean perioperative body temperature of 
the surgical access group was only 36 ◦C and above at 15 min (n = 30), 
330 min (n = 6), and 360 (n = 3) min.

Fig. 2. Intraoperative body temperature between two positions of 
forced-air warming blankets. Error bars indicate standard deviations 
(SDs) of temperature. *p < 0.001 for group differences.

4. Discussion

In this randomized comparative experimental study, we investigated 
the effect of two different positions of forced air warming blankets on 
the intraoperative body temperature of patients undergoing spinal sur
gery. The incidence of intraoperative hypothermia was 27 % lower 
among patients in the full underbody group than among patients in the 
surgical access group. Notably, a similar study focussing on spinal sur
gery reported an even greater effect, with a 72 % lower incidence of 
hypothermia at the start of surgery among patients using underbody 
forced air warming blankets, in contrast to passive prewarming and 
active warming with a full body blanket granting surgical access [21]. 
The under-body forced air warming blanket has also exhibited superi
ority over resistive heating blankets in preventing hypothermia in pa
tients undergoing major posterior approach spinal surgery [22].

Notably, patients in the full underbody forced air warming blanket 
group had normal mean intraoperative body temperatures throughout 
surgery, while patients in the surgical access groups only had normal 
intraoperative body temperatures at the first and last two time points of 
surgery. Importantly, patients in the underbody group underwent 
significantly longer surgeries than patients in the surgical access group. 
Although longer surgeries are usually associated with an increased risk 
of hypothermia [23], the underbody group still had a reduced incidence 
of hypothermia, whilst maintaining normothermia throughout surgery. 
This may be due to ambient intraoperative temperature having a 
negligible effect on core temperature when patients are warmed with 
forced air [24].
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Mild hypothermia may result in platelet dysfunction and impaired 
clotting, which correlates with increased blood loss [19]. In our study, 
both groups had similar levels of blood loss even though the incidence of 
hypothermia was significantly different between the groups. Patients 
with normothermia undergoing lumbar spine surgery are known to 
experience increased blood loss [19], which might be explained by the 
location of surgery, periphery versus core temperature, and higher body 
temperatures during spinal surgery.

Our results align with recent studies including spinal surgery pa
tients, collectively indicating the positive impact of underbody forced 
air warming blankets in preventing intraoperative hypothermia, despite 
prolonged surgery. The strengths of our study lie in its prospective 
randomized design and its valuable contribution to the limited body of 
research exploring the positional effect of forced air warming blankets 
on body temperature during spinal surgery. Future studies should use a 
larger sample size drawn from diverse settings. Investigating the effect 

Fig. 1. CONSORT 2010 flow diagram: Participant flow through the study.

Table 1 
Baseline patient characteristics.

Characteristics Total 
group (n 
= 60)

Surgical 
access group 
(n = 30)

Full underbody 
group (n = 30)

P- 
Value

Age (years), mean ±
SD

62.2 ±
11.9

62.2 ± 10.8 62.2 ± 13.1 0.542

Body mass index (kg/ 
m2), mean ± SD

29.7 ±
4.6

29.8 ± 4.4 29.6 ± 4.9 0.948

Sex (Male/Female) 23/37 15/15 8/22 0.001
Smoking, n (%) 4 (7 %) 1 (3 %) 3 (10 %) 0.309
Preoperative body 

temperature (◦C), 
mean ± SD

36.3 ±
0.3

36.3 ± 0.2 36.3 ± 0.4 0.889

Comorbidities, n (%)
Hypertension 26 (43 %) 14 (47 %) 12 (40 %) 0.606
Diabetes 3 (5 %) 1 (3 %) 2 (17 %) 0.309
Asthma 4 (7 %) 0 (3 %) 4 (10 %) 0.090
None 27 (43 %) 15 (50 %) 2 (37 %) 0.307

Table 2 
Comparison of intraoperative outcomes between groups.

Variable Surgical access 
(n = 30)

Full underbody 
(n = 30)

P- 
value

Intraoperative hypothermia 
(<36 ◦C), n (%)

26 (87) 18 (60) 0.020

Severity of intraoperative 
hypothermia, n (%)

0.289

Mild (35.5–35.9 ◦C) 9 (34.5) 7 (39)
Moderate (35–35.4 ◦C) 9 (34.5) 6 (33)
Severe (34.5–34.9 ◦C) 6 (23) 1 (6)
Very severe (<34.5) 2 (8) 4 (22)
Blood loss (ml), mean ± SD 861.7 ± 416.8 953.3 ± 542.8 0.466
Duration of surgical procedure 

(min), mean ± SD
290.9 ± 43.7 323.3 ± 64.2 0.026

Fig. 2. Intraoperative body temperature between two positions of forced-air 
warming blankets. Error bars indicate standard deviations (SDs) of tempera
ture. *p < 0.001 for group differences.
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of pre-warming of patients before inducing general anaesthesia may also 
be worthwhile.

5. Conclusion

In conclusion, we investigated the effect of the forced air warming 
blanket position on the intra-operative body temperatures of patients 
during spinal surgery when positioned on a spinal table. We found that 
the full underbody forced air warming blanket was more effective in 
maintaining core body temperature within normothermia ranges. In 
practice, we recommend using a full underbody forced air warming for 
spinal surgery when patients are positioned on the spinal table in a 
prone position.
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[9] Rauch S, Miller C, Bräuer A, Wallner B, Bock M, Paal P. Perioperative 
hypothermia—a narrative review. Int J Environ Res Publ Health 2021;18(16): 
8749.

[10] Kim D. Postoperative hypothermia. Acute and critical care 2019;34(1):79.
[11] Yoo JH, Ok SY, Kim SH, Chung JW, Park SY, Kim MG, Cho HB, Song SH, Cho CY, 

Oh HC. Efficacy of active forced air warming during induction of anesthesia to 
prevent inadvertent perioperative hypothermia in intraoperative warming 
patients: comparison with passive warming, a randomized controlled trial. 
Medicine 2021;100(12):e25235.

[12] Nieh HC, Su SF. Meta-analysis: effectiveness of forced-air warming for prevention 
of perioperative hypothermia in surgical patients. J Adv Nurs 2016;72(10): 
2294–314.

[13] Moola S, Lockwood C. Effectiveness of strategies for the management and/or 
prevention of hypothermia within the adult perioperative environment. Int J Evid 
Base Healthc 2011;9(4):337–45.

[14] Zucconi G, Marchello AM, Demarco C, Fortina E, Milano L. Health technology 
assessment for the prevention of peri-operative hypothermia: evaluation of the 
correct use of forced-air warming systems in an Italian hospital. Int J Environ Res 
Publ Health 2022;20(1):133.

[15] Katsevman GA, Daffner SD, Brandmeir NJ, Emery SE, France JC, Sedney CL. 
Complexities of spine surgery in obese patient populations: a narrative review. 
Spine J 2020;20(4):501–11.

[16] Hartline J, Nolan V, Kelly DM, Sheffer BW, Spence DD, Pereiras L, Warner Jr WC, 
Sawyer JR. Operating room personnel determine efficiency of pediatric spinal 
fusions for scoliosis. Spine Deformity 2019;7(5):702–8.

[17] Sumida H, Sugino S, Kuratani N, Konno D, Hasegawa JI, Yamauchi M. Effect of 
forced-air warming by an underbody blanket on end-of-surgery hypothermia: a 
propensity score-matched analysis of 5063 patients. BMC Anesthesiol 2019;19:1–8.

[18] Baradaranfard F, Jabalameli M, Ghadami A, Aarabi A. Evaluation of warming 
effectiveness on physiological indices of patients undergoing laparoscopic 
cholecystectomy surgery: a randomized controlled clinical trial. J PeriAnesthesia 
Nurs 2019;34(5):1016–24.

[19] Buraimoh MA, Nash A, Howard B, Yousaf I, Koh E, Banagan K, Ludwig SC. Effect of 
forced-air warming blanket position in elective lumbar spine surgery: 
intraoperative body temperature and postoperative complications. Surg Neurol Int 
2019;10.

[20] Chow SC, Shao J, Wang H, Lokhnygina Y. Sample size calculations in clinical 
research. chapman and hall/CRC; 2017.

[21] Granum MN, Kaasby K, Skou ST, Grønkjær M. Preventing inadvertent hypothermia 
in patients undergoing major spinal surgery: a nonrandomized controlled study of 
two different methods of preoperative and intraoperative warming. 
J PeriAnesthesia Nurs 2019;34(5):999–1005.

[22] Shariffuddin II, Hasan MS, Chong TH, Kwan MK, Chan YK. Under-body forced-air 
warming blanket versus resistive heating blanket for prevention of hypothermia 
during spinal surgery: a randomized prospective study. J Health Transl Med 2016; 
19(1):1–6.

[23] Journeaux M. Peri-operative hypothermia: implications for practice. Nurs Stand 
2013;27(45):33.

[24] Pei L, Huang Y, Xu Y, Zheng Y, Sang X, Zhou X, Sessler DI. Effects of ambient 
temperature and forced-air warming on intraoperative core temperature: a 
factorial randomized trial. Anesthesiology 2018;128(5):903–11.

N. Joubert et al.                                                                                                                                                                                                                                 

http://refhub.elsevier.com/S1479-666X(24)00113-6/sref1
http://refhub.elsevier.com/S1479-666X(24)00113-6/sref1
http://refhub.elsevier.com/S1479-666X(24)00113-6/sref1
http://refhub.elsevier.com/S1479-666X(24)00113-6/sref2
http://refhub.elsevier.com/S1479-666X(24)00113-6/sref2
http://refhub.elsevier.com/S1479-666X(24)00113-6/sref2
http://refhub.elsevier.com/S1479-666X(24)00113-6/sref3
http://refhub.elsevier.com/S1479-666X(24)00113-6/sref3
http://refhub.elsevier.com/S1479-666X(24)00113-6/sref7
http://refhub.elsevier.com/S1479-666X(24)00113-6/sref7
http://refhub.elsevier.com/S1479-666X(24)00113-6/sref8
http://refhub.elsevier.com/S1479-666X(24)00113-6/sref8
http://refhub.elsevier.com/S1479-666X(24)00113-6/sref8
http://refhub.elsevier.com/S1479-666X(24)00113-6/sref9
http://refhub.elsevier.com/S1479-666X(24)00113-6/sref9
http://refhub.elsevier.com/S1479-666X(24)00113-6/sref9
http://refhub.elsevier.com/S1479-666X(24)00113-6/sref4
http://refhub.elsevier.com/S1479-666X(24)00113-6/sref4
http://refhub.elsevier.com/S1479-666X(24)00113-6/sref4
http://refhub.elsevier.com/S1479-666X(24)00113-6/sref10
http://refhub.elsevier.com/S1479-666X(24)00113-6/sref10
http://refhub.elsevier.com/S1479-666X(24)00113-6/sref10
http://refhub.elsevier.com/S1479-666X(24)00113-6/sref10
http://refhub.elsevier.com/S1479-666X(24)00113-6/sref11
http://refhub.elsevier.com/S1479-666X(24)00113-6/sref11
http://refhub.elsevier.com/S1479-666X(24)00113-6/sref11
http://refhub.elsevier.com/S1479-666X(24)00113-6/sref12
http://refhub.elsevier.com/S1479-666X(24)00113-6/sref13
http://refhub.elsevier.com/S1479-666X(24)00113-6/sref13
http://refhub.elsevier.com/S1479-666X(24)00113-6/sref13
http://refhub.elsevier.com/S1479-666X(24)00113-6/sref13
http://refhub.elsevier.com/S1479-666X(24)00113-6/sref13
http://refhub.elsevier.com/S1479-666X(24)00113-6/sref14
http://refhub.elsevier.com/S1479-666X(24)00113-6/sref14
http://refhub.elsevier.com/S1479-666X(24)00113-6/sref14
http://refhub.elsevier.com/S1479-666X(24)00113-6/sref15
http://refhub.elsevier.com/S1479-666X(24)00113-6/sref15
http://refhub.elsevier.com/S1479-666X(24)00113-6/sref15
http://refhub.elsevier.com/S1479-666X(24)00113-6/sref16
http://refhub.elsevier.com/S1479-666X(24)00113-6/sref16
http://refhub.elsevier.com/S1479-666X(24)00113-6/sref16
http://refhub.elsevier.com/S1479-666X(24)00113-6/sref16
http://refhub.elsevier.com/S1479-666X(24)00113-6/sref17
http://refhub.elsevier.com/S1479-666X(24)00113-6/sref17
http://refhub.elsevier.com/S1479-666X(24)00113-6/sref17
http://refhub.elsevier.com/S1479-666X(24)00113-6/sref18
http://refhub.elsevier.com/S1479-666X(24)00113-6/sref18
http://refhub.elsevier.com/S1479-666X(24)00113-6/sref18
http://refhub.elsevier.com/S1479-666X(24)00113-6/sref19
http://refhub.elsevier.com/S1479-666X(24)00113-6/sref19
http://refhub.elsevier.com/S1479-666X(24)00113-6/sref19
http://refhub.elsevier.com/S1479-666X(24)00113-6/sref20
http://refhub.elsevier.com/S1479-666X(24)00113-6/sref20
http://refhub.elsevier.com/S1479-666X(24)00113-6/sref20
http://refhub.elsevier.com/S1479-666X(24)00113-6/sref20
http://refhub.elsevier.com/S1479-666X(24)00113-6/sref21
http://refhub.elsevier.com/S1479-666X(24)00113-6/sref21
http://refhub.elsevier.com/S1479-666X(24)00113-6/sref21
http://refhub.elsevier.com/S1479-666X(24)00113-6/sref21
http://refhub.elsevier.com/S1479-666X(24)00113-6/sref22
http://refhub.elsevier.com/S1479-666X(24)00113-6/sref22
http://refhub.elsevier.com/S1479-666X(24)00113-6/sref23
http://refhub.elsevier.com/S1479-666X(24)00113-6/sref23
http://refhub.elsevier.com/S1479-666X(24)00113-6/sref23
http://refhub.elsevier.com/S1479-666X(24)00113-6/sref23
http://refhub.elsevier.com/S1479-666X(24)00113-6/sref24
http://refhub.elsevier.com/S1479-666X(24)00113-6/sref24
http://refhub.elsevier.com/S1479-666X(24)00113-6/sref24
http://refhub.elsevier.com/S1479-666X(24)00113-6/sref24
http://refhub.elsevier.com/S1479-666X(24)00113-6/sref25
http://refhub.elsevier.com/S1479-666X(24)00113-6/sref25
http://refhub.elsevier.com/S1479-666X(24)00113-6/sref26
http://refhub.elsevier.com/S1479-666X(24)00113-6/sref26
http://refhub.elsevier.com/S1479-666X(24)00113-6/sref26

	The effect of forced-air warming blanket position during spinal surgery on patients’ intra-operative body temperature
	1 Introduction
	2 Methods
	2.1 Procedures
	2.2 Measurements
	2.3 Data analysis

	3 Results
	3.1 Patient characteristics
	3.2 Intraoperative outcomes

	4 Discussion
	5 Conclusion
	Funding
	sources of financial support
	Declaration of competing interest
	Acknowledgment
	References


