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Abstract

Obijective: In this randomized controlled study, we aimed to determine whether non-contact
infrared thermometers (NCITs) are more time-efficient and create less patient distress than
mercury axillary thermometers (MATs) and infrared tympanic thermometers (ITTs).
Methods: Forty-five rehabilitation inpatients were randomly assigned to one of three groups
(NCIT, MAT, and ITT). Time required to measure body temperature with an NCIT, MAT, and ITT
was recorded. We examined associations between time required to take patients’ temperature
and measuring device used. Patient distress experienced during temperature measurement using
the three thermometers was recorded.

Results: A significantly longer average time was required to measure temperatures using the
MAT (mean 43.17, standard deviation [SD] 8.39) than the ITT (mean 13.74, SD 1.63) and NCIT
(mean 12.13, SD 1.18). The thermometer used influenced the time required to measure body
temperature (t=33.99). There were significant differences among groups (NCIT vs. ITT, NCIT
vs. MAT, and ITT vs. MAT) regarding patient distress among the different thermometers. Most
distress arose owing to needing help from others, sleep disruption, and boredom.
Conclusion: The NCIT has clinically relevant advantages over the ITT and MAT in measuring
body temperature among rehabilitation patients, including saving nurses’ time and avoiding unnec-
essary patient distress.

Clinical trial registration number (http://www.chictr.org.cn): ChiCTR1800019756.
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Introduction

Inpatient rehabilitation care requires not
only a focus on improving functional inde-
pendence for patients with a wide range of
neurologic injuries and illnesses' > but also
the management and prevention of under-
lying diseases and infections. Measurement
of body temperature, a fundamental vital
sign, serves as a basic approach to clinical
evaluation and diagnosis; however, there
are a number of challenges to acquiring
temperature measurements in the rehabili-
tation setting. Whereas the mercury axillary
thermometer (MAT) is preferred for mea-
suring body temperature in many clinical
settings,* the strict disinfection protocols,
long measurement times, easily broken
glass tubes, mercury leakage, and other
operational drawbacks present safety haz-
ards to nursing staff and patients and
decrease time efficiency. The relative ease
of use of an infrared tympanic thermometer
(ITT) makes them appealing; however, the
practical clinical use of ITT is limited by
low measurement values and sensitivity,
combined with the need to sterilize protec-
tive covers, store devices in a dust- and
contaminant-free environment, overcome
challenges posed by the presence of ear
canal obstructions, and the possibility of
inaccurate measurement arising from
errors in probe placement.” ’

The non-contact infrared thermometer
(NCIT) has been widely used in children,
newborns, and  other  patients.® '°
However, rehabilitation inpatients often
have motor, cognitive, and speech

impairment and their clinical manifestations
that differ from those of other patients.
Therefore, prior to investing considerable
resources into NCIT technology refinement
and protocol development, there is a critical
need to understand whether this technology
offers substantial advantages over tools cur-
rently being used in the rehabilitation set-
ting. This randomized controlled study was
carried out to quantitatively compare use of
the NCIT, ITT and MAT in a rehabilitation
ward, to investigate whether the NCIT is a
safe, comfortable, and efficient body tem-
perature measurement tool for rehabilita-
tion inpatients.

Methods
Study design
This randomized controlled study was
approved by the Institutional Ethics

Committee of the First Rehabilitation
Hospital of Shanghai, China and was
designed and carried out according to
CONSORT guidelines. The study was reg-
istered in the Chinese Clinical Trial
Registry with trial registration number
ChiCTR1800019756. Informed consent
was obtained from each patient or their
family before the trial. The inclusion crite-
ria for participation in the study were: 1)
inpatient at a rehabilitation facility; 2)
Barthel index score >40 (partially depen-
dent to minimal assistance required in activ-
ities of daily living); 3) capable of granting
consent/assent for study participation.



Chen et al.

Forty-five inpatients met the inclusion cri-
teria and consented to participate in the
study (Figure 1). Using a random number
generator, the included participants were
assigned to one of three groups (NCIT,
ITT, and MAT), with each group consisting
of 15 participants.

Procedures

Before starting the study, two nurses in
charge of temperature measurement and
data collection were trained to use each
thermometer (i.e., the NCIT, ITT, and
MAT). Training procedures conformed to
the manufacturers’ recommendations.
Each participant’s body temperature was
recorded for 5 days using the thermometer
corresponding to the participant’s group
assignment. During the 5-day study, partic-
ipants’ body temperature was measured
twice daily (during the periods 6:00-7:00
and 15:00-16:00). During the temperature
measurement period, the central air condi-
tioning in the hospital was turned off so
as to reduce the impact of ambient

temperature on the accuracy of measure-
ment, and the room temperature was main-
tained at 22°C to 25°C.

The time required for nurses to measure
body temperature in each patient was
recorded. During each measurement, the
nurse also recorded whether the patient
was distressed and the nature of distress
was documented. Examples of distress
included disrupted sleep and boredom.

Statistical analysis

The difference between nurses’ time
requirements for measuring patients’ body
temperatures was assessed in each group
using repeated measures analysis of vari-
ance with a Tukey test for post-hoc
comparison. Multivariate general linear
regression analyses, with measurement
time as the dependent variable, were per-
formed to calculate correlation coefficients
using the following independent variables:
measuring device (NCIT, ITT, or MAT),
age, sex, and time of the day when measure-
ment was taken (morning/afternoon).

Assessed for eligibility
patients of the rehabilitation ward
(mild patients)

(n=435)
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Fisher’s exact test with Bonferroni correc-
tion was conducted to compare the frequen-
cy and types of distress. Statistical analyses
were performed using SAS 9.3 (SAS
Institute Inc., Cary, NC, USA). Statistical
significance was set to a value of p <0.05.

Results

Table 1 describes the measurement proce-
dures used with each type of thermometer.
Table 2 shows the clinical characteristics of
study participants. The average age of the
45 participants was 54.71 4+ 17.73 years, and
62.22% were men. The cohort included par-
ticipants who had experienced stroke, trau-
matic brain injury, spinal cord injury, brain

tumor, or other diseases. Table 3 presents
the types of injury or disease in each group.
Although there were slight differences in
disease types among the three groups, all
patients had nervous system diseases, with
stroke the main disease type. The mean
temperature (average of 10 measurements)
for each participant assigned to the NCIT,
ITT, and MAT groups ranged from a low
of 36.0°C recorded with an ITT to a high of
37.4°C measured with an NCIT (Figure 2).

The mean time required for temperature
measurement differed significantly across
devices (p <0.001; Table 4 and Figure 3).
ITT measurement was related to the
patient’s body position. There was a large
difference in ear temperature between the

Table |. Measurement procedures used with each thermometer.

Thermometer Procedure

Mercury axillary ther-

Before measurement, all MATs were shaken by a nurse until the

mometer (MAT)

Infrared tympanic
thermometer (ITT)

Non-contact infrared
thermometer
(NCIT)

mercury registered a temperature below 35°C. Then ther-
mometers were placed in a 40°C water bath. MATs were
removed from the water after 5 minutes and the temperature
was read. Only thermometers reading 40°C £ 0.1°C were used
for subsequent measurement. If patients had limb spasm, cog-
nitive impairment, or severe wasting, nurses helped to place the
mercury head in the patient’s axilla and assisted in holding the
patient’s arms to their chest. Readings were recorded after 5
minutes.

Prior to measurement, the ear thermometer lens was checked

and cleaned with 75% alcohol. After drying, the lens was cov-
ered with protective tape and clamped. After pressing the start
button, the ear was pulled back to straighten and expose the
external auditory canal and the thermometer was inserted into
the canal and pressed down to ensure a good fit so that the
device could detect infrared heat emitted by the eardrum and
surrounding tissues. The temperature measurement button was
again depressed, and following an auditory beep and display of
the temperature, the measurement was recorded.

After wiping away any perspiration and hair, the device was posi-

tioned perpendicularly, 3-5 cm from the middle portion of the
patient’s forehead, centered horizontally between the eye-
brows. After pressing the button, the temperature was dis-
played. This process was repeated three times and the most
frequently displayed value was recorded consistent, with the
manufacturer’s instructions.
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Table 2. Basic information of patients (n =45).

two sides in a patient lying laterally; how-
ever, there was no difference in the supine

" (%) position. Therefore, nurses performing ear
Sex temperature measurement required patients
Male 28 6222 {0 lie on their back. Moreover, the temper-
Female 17 37.78  ature cap had to be changed and hand dis-
Diagnosis infection carried out each time the ITT
Stroke 28 62.22 . . .
TBI 6 13.33 made contact with a patient, which
e 7 15.56 increased the operation time. Body temper-
Brain tumor I 277  ature measured using the NCIT did not pre-
Other 3 6.67 sent the above difficulties. A significantly
Age, years longer time was required for temperature
0-19 3 6.67  measurement using the MAT (43.17 s)
20-39 5 .11 than the ITT (13.74 s; p <0.05) and NCIT
40-59 18 40 (12.13 s; p<0.05) and using the ITT com-
60-79 18 40 pared with the NCIT (p < 0.05).
80-89 | 222 . . .
Multivariate general linear regression
TBI: traumatic brain injury; SCI: spinal cord injury. analysis showed that the type of
Table 3. Proportion of diseases in each group, by thermometer type.
Disease All Stroke TBI SCI Brain tumor Other
n (%) 45 28 (62.22%) 6 (13.33%) 7 (15.56%) | (2.22%) 3 (6.67%)
NCIT 5 13 (86.67%) I (6.67%) | (6.67%) 0 0
ITT 15 7 (46.67%) 3 (20%) 3 (20%) | (6.67%) | (6.67%)
MAT 15 8 (53.33%) 2 (13.33%) 3 (20%) 0 2 (13.33%)

TBI: traumatic brain injury; SCI: spinal cord injury; NCIT: non-contact infrared thermometer; MAT: mercury axillary

thermometer; ITT: infrared tympanic thermometer.
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Figure 2. Patients’ temperature measured using three thermometers. Each circle represents mean tem-
perature recorded across 10 measurements for a specific patient; some data points overlapped.
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Table 4. Time (in seconds) required by nurses to measure body temperature using different

thermometers.
n Mean SD 95% LCI 95% UCI p
Thermometers NCIT 150 12.13 1.18 11.94 12.32 <0.0001
ITT 150 13.74 1.63 13.48 14.00
MAT 150 43.17 8.39 4181 44.52

Note: The analytical method is repeated measures analysis of variance. In post-hoc comparison using a Tukey test, the
results showed significant differences between any two groups: p < 0.05.

SD: standard deviation; LCI: lower confidence interval; UCI: lower confidence interval; NCIT: non-contact infrared
thermometer; MAT: mercury axillary thermometer; ITT: infrared tympanic thermometer.
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Figure 3. Time required to measure patients’ temperature using different thermometers. Each circle
represents mean temperature recorded across |0 measurements for a specific patient; some data points

overlapped.

measurement device was a significant factor
affecting the time required for nurses to
measure body temperature in rehabilitation
inpatients (t=233.99; p<0.0001, Table 4).
The time of day (morning/afternoon)
when body temperature was measured was
not a significant factor affecting the
required measurement time in rehabilitation
inpatients (Table 5).

Using Fisher’s exact test with Bonferroni
correction, we identified  significant

differences between each group in terms of
patient distress experienced during body
temperature  measurement (p <0.0001,
Table 6). In particular, the MAT required
the most additional help (41.33%) com-
pared with the ITT (0%) and NCIT (0%).
In contrast, use of the ITT contributed to
significantly  greater sleep disruption
(21.33%) than use of either the MAT
(17.33%) or NCIT (0%), and the MAT
contributed to  significantly  greater
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Table 5. Effect of device and time of measurement (morning/afternoon) on time required for body tem-

perature measurement.

p SE t p
Measuring device 15.73 0.46 33.99 <0.0001
Measurement time (morning/afternoon) 0.32 0.75 0.43 0.6668

Note: The analytical method is multivariate generalized linear regression.

SE: standard error.

Table 6. Frequency and types of distress experienced by rehabilitation inpatients and nurses using different
body temperature measurement devices (NCIT, ITT, MAT).

ND NH SD Boredom p
NCIT n 150 0 0 0 <0.0001
% 100 0 0 0
ITT n 118 0 32 0
% 78.67 0 21.33 0
MAT n 62 62 26 0
% 4].33 4].33 17.33 0

Notes: The analysis method is Fisher’s exact test. There were significant differences between each two combinations
among the three groups (NCIT vs. ITT, NCIT vs. MAT, ITT vs. MAT, with Bonferroni correction) (p < 0.05).
NI: No distress; NH: Needed help; SD: Sleep disruption; NCIT: non-contact infrared thermometer; MAT: mercury axillary

thermometer; ITT: infrared tympanic thermometer.

sleep disruption than the NCIT (all

p < 0.0001).

Discussion

Use of the MAT, ITT, and NCIT has been
studied across a variety of patient popula-
tions including newborns,” children'' and
adult patients in intensive care.?
However, to date, no study has focused
on comparing the feasibility of using these
devices in the inpatient rehabilitation set-
ting. Past studies have investigated the
accuracy of body temperature measurement
using  the three  thermometers.'>'*
However, our randomized controlled
study is the first to examine the potential
advantages to using the NCIT compared
with the MAT and ITT to improve
nurses’ work efficiency and patients’ satis-
faction with nursing care.

Sdfe, efficient, and accurate alternatives
to the MAT

At present, the MAT is the primary body
temperature measurement tool used in clin-
ical settings in China, partly owing to
traditional  clinical and  educational
approaches dating back over 100 years.
However, it has been reported that more
than 10 tons of mercury waste are treated
in China every year owing to MAT break-
age. This is concerning given the potentially
deleterious impact of mercury on the envi-
ronment and species, including humans and
wildlife.'®> For example, in a study of water,
sediment, and fish samples, Karunasagar
et al.'® identified higher levels of mercury
pollution in a lake located in close proxim-
ity to a MAT factory than levels measured
in two lakes located further away. Thus, in
identifying the NCIT as a more time effi-
cient and less burdensome approach to
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measuring body temperature than a MAT,
our study is particularly relevant given the
need for more environmentally friendly
approaches to body temperature
measurement.

Characteristics of the MAT, ITT, and NCIT

Use of the MAT requires patient contact,
and although temperature measurement
with a MAT is accurate, stable, and produ-
ces less error,'” our study findings showed
that a longer time is required for nurses to
measure patients’ temperature (43.175s)
using a MAT than an NCIT or ITT.
Further, most patients in the rehabilitation
ward have limb dysfunction, especially uni-
lateral limb dysfunction, or require inten-
sive rehabilitation,'® which make use of
the MAT more challenging. Low conformi-
ty, insufficient measurement time, or insuf-
ficient contact between the thermometer
and skin can lead to inaccurate measure-
ments. Additionally, it may be difficult for
nurses to read the results and MATs can
break easily. Moreover, the steps required
for MAT sterilization are complicated and
use of these thermometers is prone to cross-
infection.

ITT use requires nurses to have a good
understanding of the correct location of
temperature measurement, normal ear tem-
perature values, applicable objects, contra-
indications, and other factors. Current
studies have shown that body temperature
measured using an ITT differs considerably
from intravascular measures in that the
former is always lower than body tempera-
ture measured via intravascular methods.’
Other studies suggest that ITT use increases
the risk of tympanic membrane perfora-
tion.!” Use of an ITT has other limitations,
such as disrupted sleep, ear injury, ear canal
blockage, and infection, which can affect
the measurement results. In contrast, the
NCIT is a simple, quick, no-contact instru-
ment for accurately measuring body

temperature. Nurses can detect body tem-
perature from a distance of 5 cm from the
patient’s forehead and within 2's. Therefore,
the NCIT is suitable for temperature mon-
itoring in patients with different functional
limitations in the rehabilitation ward.

Effect of thermometer type on
rehabilitation nursing efficiency

Our findings indicated that use of the NCIT
was significantly more time efficient for
rehabilitation nurses and patients than the
MAT or ITT (12.13 vs. 43.17 vs. 13.74 s,
respectively; p<0.0001; Table 4). When
caring for only a single patient, this time
difference may not be a cause for concern.
However, stroke is associated with a greater
number of disability-adjusted life-years lost
than any other disease in China.?° Further,
the burden of stroke is expected to increase
in rehabilitation care units. Given the grow-
ing emphasis on cost containment and the
need to deliver rehabilitation care more effi-
ciently, use of the NCIT could lead to sub-
stantial cost savings and improved
efficiency in care delivery. Beyond saving
nurses time, the more efficient NCIT
approach would also allow patients greater
time to receive clinical care and to build
stronger clinical relationships, which could
lead to improved patient quality of care and
outcomes.

Distress among patients and nurses using
different measurement devices

Nurses did not need assistance when using
the NCIT and patients did not report sleep
disruption during measurement, two find-
ings that contrast sharply with those docu-
mented for the MAT and ITT groups
(Table 6). In particular, when using the
MAT, nurses reported requiring assistance
in 41.33% of measurements and patients
reported sleep disruption in 17.33% of
measurements. Most rehabilitation patients
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experience some level of limb dysfunction
including limited mobility, spasticity, and
uncontrolled movements. This dysfunction
makes placement and stabilization of the
MAT more challenging'” and can lead to
an increased risk of breakage if the device
is accidentally dropped or crushed. Thus,
assistance from a second clinical staff
member may be required to safely measure
temperatures using the MAT. Whereas
nurses did not require assistance using the
ITT, patients did report experiencing sleep
disruption in 21.33% of measurements.
Because the ITT must be inserted into the
ear, this approach may increase the risk of
tympanic membrane perforation.'”” To
reduce the risk of injury, the ear must be
manipulated, thus leading to a greater risk
of disrupted sleep. Medical conditions such
as ear injury, blockage, or infection can
hinder accurate temperature recording.
Additionally, whether a MAT or an ITT,
when the patient has hemiplegia, only mea-
suring temperature on one side of the body
can effect accurate temperature readings
whereas measuring temperature on both
sides would disturb the patient and
increases the workload of the nurse.?!

Limitations

Owing to the design of this study, we could
not compare the specific values of patients’
body temperature measured using the three
thermometers in the same patient, because
we felt that all readings from each device
were accurate,”'® as can be seen in our
data (Figures 2 and 3). Furthermore, we
primarily included rehabilitation inpatients
with higher levels of functioning; however,
different levels of functional independence
may contribute to differences across clinical
sites. Further investigation in needed to
confirm our findings. Finally, this was a
single-center study; a larger, randomized,
controlled, double-blind clinical trial

conducted at multiple centers is warranted
to confirm the present results.

Conclusion

In the present study, we observed some
challenges to patients during measurement
as well as to nursing efficiency. Our study
findings showed that the NCIT is efficient
and safe and can improve patients’ satisfac-
tion with medical care during rehabilita-
tion. Given that the NCIT does not
require skin contact to measure body tem-
perature, use of this device can potentially
reduce the risk of cross-infection among
patients owing to instrument contact, espe-
cially in patients referred from the intensive
care unit. In the global fight against infec-
tious disease epidemics, use of the NICT
can reduce the direct physical contact
between patients and medical staff.
Additionally, the NCIT does not use mer-
cury, thereby reducing mercury pollution
caused by MAT manufacture and break-
age. In future research, consistency in the
differences in clinical measurement among
these three methods should be confirmed,
to provide more robust evidence for recom-
mending the NCIT as a replacement for the
MAT in clinical practice. We believe that
the use of non-contact electronic thermom-
eters, which are accurate, safe, non-
invasive, easy to use, and low cost, should
be promoted in the future. This device is
worth advocating in the rehabilitation
ward as well as being actively promoted in
clinical wards and outpatient clinics.
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