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Abstract: We evaluated the clinical reliability and utility of temperature measurements using no-
contact forehead infrared thermometers (NCFITs) by comparing their temperature measurements
with those obtained using infrared tympanic thermometers (IRTTs) in children. In this observational,
prospective, and cross-sectional study, we enrolled 255 children (aged 1 month to 18 years) from
the pediatric surgery ward at a tertiary medical center in Korea. The mean age of the children was
9.05 ± 5.39 years, and 54.9% were boys. The incidence rate of fever, defined as an IRTT reading of
≥38.0 ◦C, was 15.7%. The ICC coefficient for the assessment of agreement between temperatures
recorded by the NCFIT and IRTT was 0.87, and the κ-coefficient was 0.83. The bias and 95% limits of
agreement were 0.15 ◦C (−0.43 to 0.73). For an accurate diagnosis of fever (≥38 ◦C), the false-negative
rate was much lower, but the false-positive rate was higher, especially in 6-year-old children. There-
fore, NCFITs can be used to screen children for fever. However, a secondary check is required using
another thermometer when the child’s temperature is >38 ◦C. NCFITs are proposed for screening but
not for measuring the temperature. For the latter, an accurate and reliable thermometer shall be used.

Keywords: body temperature; thermometers; infrared rays; fever; child

1. Introduction

Body temperature is an essential indicator of the patient’s general condition [1]. Inac-
curate measurements of the body temperature can mislead the diagnosis of febrile disease.
Thus, the exact body temperature measurement is necessary for clinical settings [2]. To
successfully screen children with elevated temperatures, it is essential that the body tem-
perature is measured accurately and the thermometer outputs are correctly interpreted [3].
However, there is no single ideal way to measure a child’s body temperature [4]. Because
the body temperature of children is higher than that of adults and its normal range varies
with age [5], the use of different thermometers should be considered according to the
child’s age.

The Italian Pediatric Society suggests using a tympanic, contact, non-contact infrared
thermometer in children aged ≥ 4 weeks [6]. An infrared tympanic thermometer (IRTT) is
often used in children because its use is easy and rapid, and it shows a value close to the
rectal temperature [7]. However, its use is restricted to children aged < 2 years because of
the anatomy of the external auditory meatus [8], and its accuracy is affected by the presence
of earwax in this structure [9]. In addition, using an IRTT can be stressful for children,
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parents, and nurses because direct contact with the thermometer disturbs sleep or provokes
anxiety and fear in the child. Using a non-contact forehead infrared thermometer (NCFIT)
can overcome these challenges.

The non-contact infrared thermometer was approved in 2004 as a Food and Drug
Administration class II medical device (21 CFR 880.291) [10]. It measures the temperature
of various body parts without the need for physical contact. In particular, the forehead
is recommended as the target site for such thermometers because the temporal artery,
which is used for temperature measurement, receives blood from the carotid artery and
reflects the core body temperature [6]. The NCFIT is easy to use, has a low possibility of
cross-infection, and does not cause discomfort, such as disturbed sleep [6,11]. Moreover,
the use of NCFITs during pandemics, such as the coronavirus disease 2019 pandemic, was
found to be effective in decreasing cross-infection.

The ISO 80601-2-56 [5] and ASTM E1965-98 [12] are both Food and Drug Administration-
approved voluntary consensus standards used by thermometer manufacturers to evaluate
the accuracy and effectiveness of IRTTs and NCFITs in clinical settings by performing a
clinical study [3]. Based on these standards and several clinical studies [7,13–15], IRTTs
were adopted as clinical thermometers. However, NCFITs have not yet been adopted as
clinical thermometers because the correlation of NCFITs to the core temperature measured
by clinical thermometers has not been confirmed [13,16]. In addition, the findings of studies
on the accuracy of NCFITs are not in complete agreement [16–23]. The sensitivity of the
NCFIT models for detecting a temperature > 38.0 ◦C in adults and children is 0–69% [3]
and 60%, respectively [18]. These findings suggest that while NCFITs may be acceptable
for children without fever, their use can lead to major problems for children with fever.
Therefore, the accuracy and credibility of NCFITs should be thoroughly evaluated before
using them as a practical measurement device.

Thus, this study aimed to evaluate the accuracy of NCFITs by age compared with that
of IRTTs, which are regarded as the gold standard for body temperature measurement in
children [24]. It also aimed to identify possible scenarios where NCFITs can be used in
clinical settings.

2. Materials and Methods
2.1. Study Design and Participants

We conducted an observational, prospective study at our institution from 20 December
2019 to 7 June 2020 to assess the clinical accuracy and consistency of NCFITs by age by
comparing them with those of IRTTs. The study population comprised children admitted to
the pediatric surgery unit with the following inclusion criteria: (1) aged 1 month to 18 years;
(2) had no injury in the external auditory meatus and head; (3) had no infection or eruption
on the skin of the forehead; (4) had not undergone cold or heat therapy; (5) and were not
using barbiturates, thyroid preparations, antipsychotics, or had recent immunizations [25].

2.2. Measurements

The following thermometers were used: NCFIT (Hubdic Thermofinder S2, HFS-710,
Gyeonggi-do, Korea) and IRTT (Braun ThermoScan 7, IRT 6520, Chihuahua, Mexico). Each
thermometer was referred to the Korea Calibration & Technology Institute before data
collection. The error range of the NCFIT was ±0.2 ◦C between 34.0 ◦C and 42.5 ◦C, and
that of the IRTT was ±0.2 ◦C between 35.0 ◦C and 42.0 ◦C. Thermometers were prepared
according to the manufacturer’s instructions. These thermometers were kept in the testing
room for 10–30 min before taking the temperature measurements to allow them to adjust to
the environment, as described in their user manuals [5,25].

2.3. Data Collection/Procedure

All of the data were collected by a research nurse who was well acquainted with
the use of each thermometer. The body temperature of the children was measured using
both NCFIT and IRTT. The readings were obtained two times within 1 min for each child,
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and the average value was calculated. However, for babies aged < 90 days, the readings
were obtained three times according to the manufacturer’s directions. To homogenize the
indoor temperature, humidity, and measurement time, the hospital room conditions were
maintained at 25–27 ◦C and 40–60% humidity, and the body temperatures were measured
between 1 pm and 5 pm. The body temperature, sex, and age of children were recorded.

2.3.1. Measurement Using the NCFIT

The left forehead was used for temperature measurement. First, the whole forehead
was exposed; if there was sweat, it was gently absorbed using gauze. Then, the NCFIT was
positioned 2–3 cm above the center of the forehead (Figure 1a). Next, the research nurse
pushed the button of the NCFIT and scanned slowly for 3–4 s while moving toward the left
temple (Figure 1b). After the measurement, the researcher recorded the values.

1 
 

 
 
 
 
 

 

 
 
 
 
 
 

Figure 1. Measurement using the NCFIT. (a) The sensing area of the NCFIT was positioned at a
distance of 2–3 cm from the center of the forehead at a right angle, and then the measurement button
was pushed. (b) The scan was performed slowly toward the left temple for 3–4 s with the button being
pushed until the measurement completion sound was obtained. The temperature was displayed on
the screen once the measurement was complete.

2.3.2. Measurement Using the IRTT

To test the accuracy of the two thermometers, the left ear was used for comparison of
the output temperature obtained by temperature measurement of the same body part [5].
A disposable probe cover was fitted to the thermometer, and the external auditory meatus
was pulled in the posterosuperior direction (posteroinferior for those who were aged
< 2 years) to make it straight. Then, the thermometer was inserted completely, and the body
temperature was measured.

2.3.3. Readings across Instruments

For both instruments, the unit of measurement was centigrade. All of the figures were
recorded to the nearest tenth of a degree.

2.4. Statistical Analysis

This study used the SAS 9.4 version (SAS Institute, Cary, NC, USA) and R package
version 4.1.3 (http://www.R-project.org, accessed on 7 June 2022); R Project for Statistical
Computing, Vienna, Austria) for data analysis. The statistical significance level was set at
<0.05. The general characteristics of the participating children and body temperature were
recorded, and the frequency, mean, and standard deviation (SD) of the temperatures were
calculated. A paired t-test was used to calculate the mean difference between the body
temperature recordings of the NCFIT and IRTT. To confirm the consistency between NCFIT
with the IRTT output temperatures, single-measure intraclass correlation coefficient (ICC)
using a two-way mixed model, Kappa coefficient, and Bland–Altman plot were analyzed.
The Kappa statistics used a categorical variable of ≥38 ◦C to evaluate the agreement
between the two methods for diagnosing fever. The accuracy of fever detection was
described using a 2 × 2 cross table of IRTT and NCFIT. The sensitivity, specificity, positive
predictive value (PPV), negative predictive value (NPV), and accuracy were calculated

http://www.R-project.org
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based on the IRTT values at 38 ◦C. The sensitivity, specificity, predictive values, and
accuracy were calculated using the following equations [26]:

Sensitivity =
# o f subject where (IRTT ≥ 38 ◦C and NCFIT ≥ 38 ◦C)

# o f subject where (IRTT ≥ 38 ◦C)

Specificity =
# o f subject where (IRTT < 38 ◦C and NCFIT < 38 ◦C)

# o f subject where (IRTT < 38 ◦C)

PPV =
# o f subject where (IRTT ≥ 38◦C and NCFIT ≥ 38 ◦C)

# o f subject where (NCFIT ≥ 38 ◦C)

NPV =
# o f subject where o f (IRTT < 38 ◦C and NCFIT < 38 ◦C)

# o f subject where (NCFIT < 38 ◦C)

Accuracy =
# o f subject where (IRTT ≥ 38 ◦C and NCFIT ≥ 38 ◦C) or (IRTT < 38 ◦C and NCFIT < 38 ◦C)

# o f subject where (NCFIT ≥ 38 ◦C) or (NCFIT < 38 ◦C)

2.5. Sample Size

The desired effect size was calculated using the ICC of the two thermometers [27].
Setting the expected value of ICC (ρ1) as 0.80 [28] and the minimum acceptable value of
ICC (ρ0) as 0.70 for a “good” result [29]; α = 0.05 (two-tailed); 1 − β = 0.9 [30], a sample
size of 198 children was calculated to be sufficient for this study [31]. The target sample
size was 248 children, considering a dropout of 20%.

3. Results
3.1. Participant Characteristics

A total of 255 children were enrolled in this study, and no participants dropped out
of the study. Of these 255 participants, 140 (54.9%) were boys, and the average age was
9.69 ± 5.03 years. The gender distribution and the mean age by age groups were calculated
(Table 1). Among the participants, 40 (15.7%) children with a temperature ≥ 38.0 ◦C, whose
body temperature was measured using the IRTT, were diagnosed with fever. In addition,
44 (17.3%) children had a body temperature ≥ 38 ◦C as measured using the NCFIT (Table 1).

Table 1. Participants characteristics (n = 255).

Overall
(n = 255)

Age < 1
(n = 26)

1 ≤ Age < 6
(n = 50)

6 ≤ Age < 12
(n = 82)

12 ≤ Age < 18
(n = 97)

Age (years), (Mean ± SD) 9.05 ± 5.39 0.48 ± 0.27 3.06 ± 1.49 8.84 ± 1.81 14.61 ± 1.72
Sex (boy), n (%) 140(54.9) 14 (53.8) 28 (56.0) 42 (51.2) 56 (57.7)
Fever (≥38 ◦C) detection
IRTT, n (%) 40 (15.7) 4 (15.3) 13 (26.0) 11 (13.4) 12 (12.4)
NCFIT, n (%) 44 (17.3) 6 (23.1) 9 (34.0) 10 (12.2) 11 (11.3)

Values are presented as mean ± standard deviation. Abbreviations: IRTT, infrared tympanic thermometer; NCFIT,
non-contact forehead infrared thermometer.

3.2. Agreement between NCFIT and IRTT

Table 2 compares the NCFIT with the IRTT mean temperatures and mean differences.
The mean temperatures measured using the NCFIT and the IRTT were 37.24 ± 0.62 ◦C
and 37.36 ± 0.66 ◦C, respectively. Temperatures recorded using the NCFIT had a signif-
icantly lower mean difference compared to the temperature measured using the IRTT
(−0.14 ± 0.29 ◦C, p < 0.001). NCFIT temperatures also had a significantly lower mean
difference compared to the IRTT temperatures in all age subgroups (Table 2).
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Table 2. Comparison of tympanic temperatures and non-contact infrared temperatures by age group.

Categories NCFIT (a) IRTT (b) Difference
(a–b) t(p) ICC

(95%CI) Kappa (95%CI)

Overall
(n = 224) 37.24 ± 0.62 37.39 ± 0.66 −0.14 ± 0.29 −7.99(<0.001) 0.87

(0.75–0.95)
0.82

(0.73–092)
age < 1
(n = 26) 37.22 ± 0.70 37.44 ± 0.87 −0.21 ± 0.34 −3.28(0.003) 0.87

(0.60–1.00)
0.75

(0.438–1.00)
1 ≤ age < 6

(n = 50) 37.36 ± 0.71 37.57 ± 0.75 −0.20 ± 0.26 −5.41(<0.001) 0.89
(0.70–1.00)

0.81
(0.63–0.98)

6 ≤ age < 12
(n = 82) 37.17 ± 0.55 37.36 ± 0.49 −0.19 ± 0.27 −6.35(<0.001) 0.81

(0.65–0.96)
0.83

(0.65~1.00)
12 ≤ age < 18

(n = 97) 37.24 ± 0.62 37.30 ± 0.66 −0.06 ± 0.30 −2.07(0.042) 0.88
(0.74–1.00)

0.85
(0.68~1.00)

Values are presented as mean ± standard deviation. Abbreviation: ICC, intra-class correlation coefficient; IRTT,
infrared tympanic temperature; NCFIT, non-contact forehead infrared temperature.

The agreement between the temperature recorded by NCFIT and IRTT by ICC was
0.87 (95% CI; 0.75–0.95). Moreover, in all of the age subgroups, ICC was 0.80 was higher,
indicating near complete agreement (Table 2; Figure 2). Furthermore, the Kappa coefficient
was greater than 0.80 in all age subgroups except for that the under-1-year age group. These
findings indicate near complete agreement. In the under-1-year age group, the Kappa was
0.75 (95% CI; 0.43–1.00), indicating moderate agreement.

The consistency of the measurements by the two thermometers was determined using
the Bland–Altman plot (Figure 3). The body temperature measurements using NCFIT and
IRTT were in good agreement. The mean difference (bias) and 95% limits of agreement were
0.15 ◦C (−0.43 to 0.73) for the overall age group (Figure 3a), 0.22 ◦C (−0.45 to 0.89) for the
<1-year age group (Figure 3b), 0.21 ◦C (−0.32 to 0.73) for the 1–5 years age group (Figure 3c),
0.19 ◦C (−0.34 to 0.73) for the 6–11 years age group (Figure 3d), and 0.06 ◦C (−0.52 to 0.65)
for the 12–18 years age group (Figure 3e). Overall, 95.6% of participants in the overall age
group, 96.2 % of the <1-year age group, 96.0% of the 1–5 years age group, 97.6% of the
6–11 years age group, and 94.8% of the 12–18years age group were each within the 95%
limit of agreements. When comparing the measurements between the two thermometers,
the bias for all age groups ranged from 0.06 ◦C to 0.22 ◦C, which indicated an acceptable
level (±0.3 ◦C) of bias between the thermometers.

ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)ICC (95% CI) = 0.829 (0.735-0.923)

36

37

38

39

40

36 37 38 39 40

Temperature measured by IRTT

Te
m

pe
ra

tu
re

 m
ea

su
re

d 
by

 N
C

FI
T

Overall age

ICC (95% Cl) = 0.829 (0.735−0.923) 

a. Overall age

Figure 2. Cont.



Children 2022, 9, 1389 6 of 12

ICC (95% CI) = 0.877 (0.600-1.000)ICC (95% CI) = 0.877 (0.600-1.000)ICC (95% CI) = 0.877 (0.600-1.000)ICC (95% CI) = 0.877 (0.600-1.000)ICC (95% CI) = 0.877 (0.600-1.000)ICC (95% CI) = 0.877 (0.600-1.000)ICC (95% CI) = 0.877 (0.600-1.000)ICC (95% CI) = 0.877 (0.600-1.000)ICC (95% CI) = 0.877 (0.600-1.000)ICC (95% CI) = 0.877 (0.600-1.000)ICC (95% CI) = 0.877 (0.600-1.000)ICC (95% CI) = 0.877 (0.600-1.000)ICC (95% CI) = 0.877 (0.600-1.000)ICC (95% CI) = 0.877 (0.600-1.000)ICC (95% CI) = 0.877 (0.600-1.000)ICC (95% CI) = 0.877 (0.600-1.000)ICC (95% CI) = 0.877 (0.600-1.000)ICC (95% CI) = 0.877 (0.600-1.000)ICC (95% CI) = 0.877 (0.600-1.000)ICC (95% CI) = 0.877 (0.600-1.000)ICC (95% CI) = 0.877 (0.600-1.000)ICC (95% CI) = 0.877 (0.600-1.000)ICC (95% CI) = 0.877 (0.600-1.000)ICC (95% CI) = 0.877 (0.600-1.000)ICC (95% CI) = 0.877 (0.600-1.000)ICC (95% CI) = 0.877 (0.600-1.000)

36

37

38

39

40

36 37 38 39 40

Temperature measured by IRTT

Te
m

pe
ra

tu
re

 m
ea

su
re

d 
by

 N
C

FI
T

< 1 of age

ICC (95% CI) = 0.899 (0.701-1.000)ICC (95% CI) = 0.899 (0.701-1.000)ICC (95% CI) = 0.899 (0.701-1.000)ICC (95% CI) = 0.899 (0.701-1.000)ICC (95% CI) = 0.899 (0.701-1.000)ICC (95% CI) = 0.899 (0.701-1.000)ICC (95% CI) = 0.899 (0.701-1.000)ICC (95% CI) = 0.899 (0.701-1.000)ICC (95% CI) = 0.899 (0.701-1.000)ICC (95% CI) = 0.899 (0.701-1.000)ICC (95% CI) = 0.899 (0.701-1.000)ICC (95% CI) = 0.899 (0.701-1.000)ICC (95% CI) = 0.899 (0.701-1.000)ICC (95% CI) = 0.899 (0.701-1.000)ICC (95% CI) = 0.899 (0.701-1.000)ICC (95% CI) = 0.899 (0.701-1.000)ICC (95% CI) = 0.899 (0.701-1.000)ICC (95% CI) = 0.899 (0.701-1.000)ICC (95% CI) = 0.899 (0.701-1.000)ICC (95% CI) = 0.899 (0.701-1.000)ICC (95% CI) = 0.899 (0.701-1.000)ICC (95% CI) = 0.899 (0.701-1.000)ICC (95% CI) = 0.899 (0.701-1.000)ICC (95% CI) = 0.899 (0.701-1.000)ICC (95% CI) = 0.899 (0.701-1.000)ICC (95% CI) = 0.899 (0.701-1.000)ICC (95% CI) = 0.899 (0.701-1.000)ICC (95% CI) = 0.899 (0.701-1.000)ICC (95% CI) = 0.899 (0.701-1.000)ICC (95% CI) = 0.899 (0.701-1.000)ICC (95% CI) = 0.899 (0.701-1.000)ICC (95% CI) = 0.899 (0.701-1.000)ICC (95% CI) = 0.899 (0.701-1.000)ICC (95% CI) = 0.899 (0.701-1.000)ICC (95% CI) = 0.899 (0.701-1.000)ICC (95% CI) = 0.899 (0.701-1.000)ICC (95% CI) = 0.899 (0.701-1.000)ICC (95% CI) = 0.899 (0.701-1.000)ICC (95% CI) = 0.899 (0.701-1.000)ICC (95% CI) = 0.899 (0.701-1.000)ICC (95% CI) = 0.899 (0.701-1.000)ICC (95% CI) = 0.899 (0.701-1.000)ICC (95% CI) = 0.899 (0.701-1.000)ICC (95% CI) = 0.899 (0.701-1.000)ICC (95% CI) = 0.899 (0.701-1.000)ICC (95% CI) = 0.899 (0.701-1.000)ICC (95% CI) = 0.899 (0.701-1.000)ICC (95% CI) = 0.899 (0.701-1.000)ICC (95% CI) = 0.899 (0.701-1.000)ICC (95% CI) = 0.899 (0.701-1.000)

36

37

38

39

40

36 37 38 39 40

Temperature measured by IRTT

Te
m

pe
ra

tu
re

 m
ea

su
re

d 
by

 N
C

FI
T

1 ≤ age < 6

ICC (95% CI) = 0.810 (0.656-0.964)ICC (95% CI) = 0.810 (0.656-0.964)ICC (95% CI) = 0.810 (0.656-0.964)ICC (95% CI) = 0.810 (0.656-0.964)ICC (95% CI) = 0.810 (0.656-0.964)ICC (95% CI) = 0.810 (0.656-0.964)ICC (95% CI) = 0.810 (0.656-0.964)ICC (95% CI) = 0.810 (0.656-0.964)ICC (95% CI) = 0.810 (0.656-0.964)ICC (95% CI) = 0.810 (0.656-0.964)ICC (95% CI) = 0.810 (0.656-0.964)ICC (95% CI) = 0.810 (0.656-0.964)ICC (95% CI) = 0.810 (0.656-0.964)ICC (95% CI) = 0.810 (0.656-0.964)ICC (95% CI) = 0.810 (0.656-0.964)ICC (95% CI) = 0.810 (0.656-0.964)ICC (95% CI) = 0.810 (0.656-0.964)ICC (95% CI) = 0.810 (0.656-0.964)ICC (95% CI) = 0.810 (0.656-0.964)ICC (95% CI) = 0.810 (0.656-0.964)ICC (95% CI) = 0.810 (0.656-0.964)ICC (95% CI) = 0.810 (0.656-0.964)ICC (95% CI) = 0.810 (0.656-0.964)ICC (95% CI) = 0.810 (0.656-0.964)ICC (95% CI) = 0.810 (0.656-0.964)ICC (95% CI) = 0.810 (0.656-0.964)ICC (95% CI) = 0.810 (0.656-0.964)ICC (95% CI) = 0.810 (0.656-0.964)ICC (95% CI) = 0.810 (0.656-0.964)ICC (95% CI) = 0.810 (0.656-0.964)ICC (95% CI) = 0.810 (0.656-0.964)ICC (95% CI) = 0.810 (0.656-0.964)ICC (95% CI) = 0.810 (0.656-0.964)ICC (95% CI) = 0.810 (0.656-0.964)ICC (95% CI) = 0.810 (0.656-0.964)ICC (95% CI) = 0.810 (0.656-0.964)ICC (95% CI) = 0.810 (0.656-0.964)ICC (95% CI) = 0.810 (0.656-0.964)ICC (95% CI) = 0.810 (0.656-0.964)ICC (95% CI) = 0.810 (0.656-0.964)ICC (95% CI) = 0.810 (0.656-0.964)ICC (95% CI) = 0.810 (0.656-0.964)ICC (95% CI) = 0.810 (0.656-0.964)ICC (95% CI) = 0.810 (0.656-0.964)ICC (95% CI) = 0.810 (0.656-0.964)ICC (95% CI) = 0.810 (0.656-0.964)ICC (95% CI) = 0.810 (0.656-0.964)ICC (95% CI) = 0.810 (0.656-0.964)ICC (95% CI) = 0.810 (0.656-0.964)ICC (95% CI) = 0.810 (0.656-0.964)ICC (95% CI) = 0.810 (0.656-0.964)ICC (95% CI) = 0.810 (0.656-0.964)ICC (95% CI) = 0.810 (0.656-0.964)ICC (95% CI) = 0.810 (0.656-0.964)ICC (95% CI) = 0.810 (0.656-0.964)ICC (95% CI) = 0.810 (0.656-0.964)ICC (95% CI) = 0.810 (0.656-0.964)ICC (95% CI) = 0.810 (0.656-0.964)ICC (95% CI) = 0.810 (0.656-0.964)ICC (95% CI) = 0.810 (0.656-0.964)ICC (95% CI) = 0.810 (0.656-0.964)ICC (95% CI) = 0.810 (0.656-0.964)ICC (95% CI) = 0.810 (0.656-0.964)ICC (95% CI) = 0.810 (0.656-0.964)ICC (95% CI) = 0.810 (0.656-0.964)ICC (95% CI) = 0.810 (0.656-0.964)ICC (95% CI) = 0.810 (0.656-0.964)ICC (95% CI) = 0.810 (0.656-0.964)ICC (95% CI) = 0.810 (0.656-0.964)ICC (95% CI) = 0.810 (0.656-0.964)ICC (95% CI) = 0.810 (0.656-0.964)ICC (95% CI) = 0.810 (0.656-0.964)ICC (95% CI) = 0.810 (0.656-0.964)ICC (95% CI) = 0.810 (0.656-0.964)ICC (95% CI) = 0.810 (0.656-0.964)ICC (95% CI) = 0.810 (0.656-0.964)ICC (95% CI) = 0.810 (0.656-0.964)ICC (95% CI) = 0.810 (0.656-0.964)ICC (95% CI) = 0.810 (0.656-0.964)ICC (95% CI) = 0.810 (0.656-0.964)ICC (95% CI) = 0.810 (0.656-0.964)ICC (95% CI) = 0.810 (0.656-0.964)

36

37

38

39

40

36 37 38 39 40

Temperature measured by IRTT

Te
m

pe
ra

tu
re

 m
ea

su
re

d 
by

 N
C

FI
T

6 ≤ age < 12

ICC (95% CI) = 0.889 (0.748-1.000)ICC (95% CI) = 0.889 (0.748-1.000)ICC (95% CI) = 0.889 (0.748-1.000)ICC (95% CI) = 0.889 (0.748-1.000)ICC (95% CI) = 0.889 (0.748-1.000)ICC (95% CI) = 0.889 (0.748-1.000)ICC (95% CI) = 0.889 (0.748-1.000)ICC (95% CI) = 0.889 (0.748-1.000)ICC (95% CI) = 0.889 (0.748-1.000)ICC (95% CI) = 0.889 (0.748-1.000)ICC (95% CI) = 0.889 (0.748-1.000)ICC (95% CI) = 0.889 (0.748-1.000)ICC (95% CI) = 0.889 (0.748-1.000)ICC (95% CI) = 0.889 (0.748-1.000)ICC (95% CI) = 0.889 (0.748-1.000)ICC (95% CI) = 0.889 (0.748-1.000)ICC (95% CI) = 0.889 (0.748-1.000)ICC (95% CI) = 0.889 (0.748-1.000)ICC (95% CI) = 0.889 (0.748-1.000)ICC (95% CI) = 0.889 (0.748-1.000)ICC (95% CI) = 0.889 (0.748-1.000)ICC (95% CI) = 0.889 (0.748-1.000)ICC (95% CI) = 0.889 (0.748-1.000)ICC (95% CI) = 0.889 (0.748-1.000)ICC (95% CI) = 0.889 (0.748-1.000)ICC (95% CI) = 0.889 (0.748-1.000)ICC (95% CI) = 0.889 (0.748-1.000)ICC (95% CI) = 0.889 (0.748-1.000)ICC (95% CI) = 0.889 (0.748-1.000)ICC (95% CI) = 0.889 (0.748-1.000)ICC (95% CI) = 0.889 (0.748-1.000)ICC (95% CI) = 0.889 (0.748-1.000)ICC (95% CI) = 0.889 (0.748-1.000)ICC (95% CI) = 0.889 (0.748-1.000)ICC (95% CI) = 0.889 (0.748-1.000)ICC (95% CI) = 0.889 (0.748-1.000)ICC (95% CI) = 0.889 (0.748-1.000)ICC (95% CI) = 0.889 (0.748-1.000)ICC (95% CI) = 0.889 (0.748-1.000)ICC (95% CI) = 0.889 (0.748-1.000)ICC (95% CI) = 0.889 (0.748-1.000)ICC (95% CI) = 0.889 (0.748-1.000)ICC (95% CI) = 0.889 (0.748-1.000)ICC (95% CI) = 0.889 (0.748-1.000)ICC (95% CI) = 0.889 (0.748-1.000)ICC (95% CI) = 0.889 (0.748-1.000)ICC (95% CI) = 0.889 (0.748-1.000)ICC (95% CI) = 0.889 (0.748-1.000)ICC (95% CI) = 0.889 (0.748-1.000)ICC (95% CI) = 0.889 (0.748-1.000)ICC (95% CI) = 0.889 (0.748-1.000)ICC (95% CI) = 0.889 (0.748-1.000)ICC (95% CI) = 0.889 (0.748-1.000)ICC (95% CI) = 0.889 (0.748-1.000)ICC (95% CI) = 0.889 (0.748-1.000)ICC (95% CI) = 0.889 (0.748-1.000)ICC (95% CI) = 0.889 (0.748-1.000)ICC (95% CI) = 0.889 (0.748-1.000)ICC (95% CI) = 0.889 (0.748-1.000)ICC (95% CI) = 0.889 (0.748-1.000)ICC (95% CI) = 0.889 (0.748-1.000)ICC (95% CI) = 0.889 (0.748-1.000)ICC (95% CI) = 0.889 (0.748-1.000)ICC (95% CI) = 0.889 (0.748-1.000)ICC (95% CI) = 0.889 (0.748-1.000)ICC (95% CI) = 0.889 (0.748-1.000)ICC (95% CI) = 0.889 (0.748-1.000)ICC (95% CI) = 0.889 (0.748-1.000)ICC (95% CI) = 0.889 (0.748-1.000)ICC (95% CI) = 0.889 (0.748-1.000)ICC (95% CI) = 0.889 (0.748-1.000)ICC (95% CI) = 0.889 (0.748-1.000)ICC (95% CI) = 0.889 (0.748-1.000)ICC (95% CI) = 0.889 (0.748-1.000)ICC (95% CI) = 0.889 (0.748-1.000)ICC (95% CI) = 0.889 (0.748-1.000)ICC (95% CI) = 0.889 (0.748-1.000)ICC (95% CI) = 0.889 (0.748-1.000)ICC (95% CI) = 0.889 (0.748-1.000)ICC (95% CI) = 0.889 (0.748-1.000)ICC (95% CI) = 0.889 (0.748-1.000)ICC (95% CI) = 0.889 (0.748-1.000)ICC (95% CI) = 0.889 (0.748-1.000)ICC (95% CI) = 0.889 (0.748-1.000)ICC (95% CI) = 0.889 (0.748-1.000)ICC (95% CI) = 0.889 (0.748-1.000)ICC (95% CI) = 0.889 (0.748-1.000)ICC (95% CI) = 0.889 (0.748-1.000)ICC (95% CI) = 0.889 (0.748-1.000)ICC (95% CI) = 0.889 (0.748-1.000)ICC (95% CI) = 0.889 (0.748-1.000)ICC (95% CI) = 0.889 (0.748-1.000)ICC (95% CI) = 0.889 (0.748-1.000)ICC (95% CI) = 0.889 (0.748-1.000)ICC (95% CI) = 0.889 (0.748-1.000)ICC (95% CI) = 0.889 (0.748-1.000)ICC (95% CI) = 0.889 (0.748-1.000)

36

37

38

39

40

36 37 38 39 40

Temperature measured by IRTT

Te
m

pe
ra

tu
re

 m
ea

su
re

d 
by

 N
C

FI
T

12 ≤ age ≤ 18

ICC (95% Cl) = 0.877 (0.600−1.000) ICC (95% Cl) = 0.899 (0.701−1.000) 

ICC (95% Cl) = 0.810 (0.656−0.964) ICC (95% Cl) = 0.889 (0.748−1.000) 

b. < 1 of age c. 1 ≤ age < 6 

d. 6 ≤ age <12 e. 12 ≤ age <18

Figure 2. Agreement between NCFIT and IRTT by intra-class correlation coefficient. (a) Overall,
(b) <1 year of age, (c) 1–5 years of age, (d) 6–11 years of age, and (e) 12–18 years of age.

3.3. Validity of Fever Detection Based on 38.0 ◦C of IRTT

The sensitivity, specificity, PPV, and NPV of the NCFIT measurement were 0.81 (95%
CI: 0.70–0.93), 0.98 (95% CI: 0.96–0.99), 0.90 (95% CI: 0.80–0.99), and 0.96 (95% CI: 0.93–0.98),
respectively, in the overall age group (Table 3). The sensitivity was 0.66 (95% CI: 0.28–1.00)
and 0.76 (95% CI: 0.56–0.96) for children aged <6 years, i.e., the <1-year and 1–6 years
age groups, respectively, showing a rather low sensitivity. In contrast, for children aged
>6 years, the sensitivity was >0.90. The specificity was 0.98 (95% CI: 0.96–0.99) in the overall
age group, and the lowest specificity was observed for the 6–11 years age group (0.94 [95%
CI: 0.93–1.00]). The PPV (0.90 [95% CI: 0.80–0.99]) and NPV (0.96 [95% CI: 0.93–0.98]) were
also high in the overall age group. The PPV was the lowest in the 6–11 years age group,
being 0.81 (95% CI: 0.59–1.00). The NPV was the lowest in the 1–5 years age group, being
0.89 (95% CI: 0.19–0.99) (Table 3).

Figure 3. Cont.
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Figure 3. Agreement between NCFIT and IRTT using Bland–Altman plots. (a) Overall age, (b) <1 year
of age, (c) 1–5 years of age, (d) 6–11 years of age, and (e) 12–18 years of age. Bland–Altman plots
of difference indicate the mean temperature difference and 95% limits of agreement: comparison
of the difference between each NCFIT and IRTT paired temperature measurement. The middle
horizontal line represents the mean difference in these two measurements, and the other horizontal
lines represent 2SDs above and below the mean difference.

Table 3. Sensitivity, specificity, PPV, NPV, and accuracy about over 38 ◦C between non-contact
infrared and tympanic. temperatures in different age groups †.

IRTT Sensitivity
(95% CI)

Specificity
(95% CI)

PPV
(95% CI)

NPV
(95% CI)

Accuracy
(95% CI)≥38 ◦C <38 ◦C

Overall, (n = 255)

NCFIT
≥38 ◦C 36 4 36

44 = 0.81
(0.70–0.93)

207
211 = 0.98
(0.96–0.99)

36
40 = 0.90

(0.80–0.99)

207
215 = 0.96
(0.93–0.98)

243
255 = 0.95
(0.92–0.97)<38 ◦C 8 207

age < 1, (n = 26)

NCFIT
≥38 ◦C 4 0 4

6 = 0.66
(0.28–1.00)

20
20 = 1.00

(1.00–1.00)

4
4 = 1.00

(1.00–1.00)

20
22 = 0.90

(0.78–1.00)

24
26 = 0.92

(0.82–1.00)<38 ◦C 2 20
1 ≤ age < 6, (n = 50)

NCFIT
≥38 ◦C 13 0 13

17 = 0.76
(0.56–0.96)

33
33 = 1.00

(1.00–1.00)

13
13 = 1.00

(1.00–1.00)

33
37 = 0.89

(0.79–0.99)

46
50 = 0.92

(0.84–0.99)<38 ◦C 4 33
6 ≤ age < 12, (n = 82)

NCFIT
≥38 ◦C 9 2 9

10 = 0.90
(0.71–1.00)

70
72 = 0.97

(0.93–1.00)

9
11 = 0.81

(0.59–1.00)

70
71 = 0.98

(0.95–1.00)

79
82 = 0.96

(0.92–1.00)<38 ◦C 1 70
12 ≤ age < 18, (n = 97)

NCFIT
≥38 ◦C 10 2 10

11 = 0.90
(0.73–1.00)

84
86 = 0.97

(0.94–1.00)

10
12 = 0.83

(0.62–1.00)

84
85 = 0.98

(0.96–1.00)

94
97 = 0.96

(0.93–1.00)<38 ◦C 1 84

Abbreviation: IRTT- infrared tympanic temperature; NCFIT- non-contact forehead infrared temperature; PPV-
positive predictive value; NPV-negative predictive value. † Sensitivity, specificity, positive predictive value,
negative predictive value, and accuracy were calculated through each equation in the table.
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4. Discussion

NCFITs are preferred in clinical settings because of their ease of use, but their scientific
benefits have yet to be proven consistently. Therefore, this study aimed to evaluate the
accuracy of an NCFIT by age, compared with that of an IRTT, for children aged < 18 years.

In the present study, the temperature measured using the NCFIT was 0.14 ◦C lower
than that using the IRTT in the overall age group. This finding is similar to those of previ-
ous studies showing that NCFITs record temperatures 0.1 ◦C lower than those recorded
using IRTTs in children aged < 5 years [32] and describing that NCFIT measurements were
0.17 ± 0.48 ◦C lower than IRTT measurements in participants aged < 18 years [33]. How-
ever, a previous study reported that the mean forehead temperature was 2.07 ± 0.31 ◦C
lower than the mean tympanic temperature in adults [34]. In a study by Sullivan et al. that
compared an axillary thermometer with six commercialized NCFITs in 1113 adults, the
individual differences ranged from −3 ◦C to 2 ◦C in only extreme cases, with a majority of
the differences ranging from −2 ◦C and 1 ◦C [3]. Such large variability in the NCFIT mea-
surements may be due to the study design, subject characteristics, and device characteristics.
NCFITs measure body temperature by detecting infrared radiant energy from the skin
surface of the forehead. Usually, the measured temperature of the forehead skin surface
is lower than the reference body site temperature. Therefore, manufacturers typically use
a proprietary algorithm and hardware design features to compensate for the difference
between the forehead’s skin surface temperature and the body part’s temperature. The
algorithms used to adjust temperature can be affected by proprietary software algorithm
errors, user errors, physiological variability, and environmental factors, which in turn affect
the accuracy of temperature measurements by the NCFIT [3]. Our research protocol was
designed to minimize user errors as one examiner and inaccuracy due to environmental
factors. In a real clinical setting, the error in the body temperature measured using NCFITs
may increase unless the affecting factor is considered in the proprietary algorithm.

Many studies have analyzed the consistency of thermometers using Pearson’s correla-
tion coefficient. One study that was conducted on participants aged between 6 months and
15 years showed a significant correlation between IRTT and NCFIT temperatures (r = 0.70,
p < 0.01) [33], and another on participants aged 1–48 months described a high correlation
between the rectal and forehead temperatures (r = 0.95, p < 0.001). However, the ICC is
recommended for the evaluation of consistency rather than a correlation coefficient because
it comprises both correlation and bias [29]. In the present study, the ICC between the NCFIT
and IRTT in the overall age group was between 0.81 and 0.89, and it showed relatively high
consistency. This finding is similar to that of a study reporting an ICC of 0.81 (p < 0.01)
between NCFIT and IRTT temperature measurements among young adults [28].

The present study analyzed the consistency of both thermometers using Bland–Altman
plots and the ICC. The Bland–Altman plot analysis enabled the identification of the system-
atic difference (error) between the two thermometers. In this analysis, the mean difference
was the estimated bias, and 95% limits of agreement were represented as the mean dif-
ference ±1.96 SD of the difference to compare the mean distribution between the data
sets. If bias is close to 0 and the 95% limits of agreement are narrow, the two devices may
be used interchangeably [35]. The IOS 80601-2-56 [5] and ASTM E1965 standards [12]
require the bias to be within ±0.3 ◦C. The bias for all age groups in the present study
ranged from 0.06 ◦C to 0.22 ◦C, which indicated an acceptable level of bias between the
two thermometers. These findings are highly consistent with those of another study that
showed the bias between NCFIT and IRTT measurements in children aged < 18 years
to range from 0.07 ◦C to 0.24 ◦C [33]. However, our results are higher than −0.01 as the
bias in children aged ≤ 5 years visiting primary care centers with acute illnesses [8]. In
addition, our results showed that the 95% limit of agreement between the NCFIT and IRTT
measurements ranged from −0.43 to 0.73 in the overall age group, −0.45 to 0.89 in the
<1-year age group, −0.32 to 0.73 in the 1–5 years age group, −0.34 to 0.73 in the 6–11 years
age group, and −0.52 to 0.65 in the 12–18 years age group. These findings are similar to
those of another study that showed −0.77 to 1.11 as the 95% limit of agreement between



Children 2022, 9, 1389 9 of 12

NCFIT and IRTT measurements in children aged <18 years [33], −1.47 to 1.28 in children
aged ≤ 5 years visiting primary care centers with acute illnesses [8], and −1.26 to 0.13 in
young adults [28]. Therefore, NCFIT is a potential substitute for IRTT.

The present study also described the diagnostic accuracy based on ≥38.0 ◦C of NCFIT.
The sensitivity was 0.81 (95% CI: 0.70–0.93) in the overall age group, but 66.7 (95% CI:
0.28–1.00) and 0.76 (95% CI: 0.56–0.96) for children aged < 6 years; i.e., the <1-year and
1–6 years age groups, respectively, which was rather low. This value is lower than the
NCFIT sensitivity obtained from 1000 readings of 567 children (0.89 [95% CI: 0.83–0.93]) [36]
and the sensitivity in a meta-analysis of 19 studies on NCFITs (0.81 [95% CI: 0.66–0.90]) [18].
The specificity was 0.98 (95% CI: 96.3–99.9) in the overall age group, and the lowest
specificity was observed for the 6–11 years age group (0.94 [95% CI: 0.93–1.00]). This value
is higher than the NCFIT specificity obtained in the study on 567 children (0.75 [95% CI:
0.74–0.76]) [36] and the specificity in the meta-analysis of 19 studies on NCFITs (0.92 [95%
CI: 0.80–0.96]) [18]. The PPV (0.90 [95% CI: 0.80–0.99]) and NPV (0.96 [95% CI: 0.93–0.98])
were also high in the overall age group. The PPV was the lowest in the 6–11 years age group,
being 0.81 (95% CI: 0.59–1.00). The NPV was the lowest in the 1–5 years age group, being
0.89 (95% CI: 0.19–0.99). These values are higher than the PPV (0.33 [95% CI: 0.31–0.50])
and lower than the NPV (0.98 [95% CI: 0.96–0.98]) reported by Ng et al. [36]. Thus, NCFIT
could be a useful instrument to detect fever in children, particularly those who are afraid of
body temperature measurement. However, the most valuable factors for the identification
of fever are sensitivity and PPV rather than specificity and NPV [17,18,33]. Similarly, in
our study, the thermometer with lower sensitivity and PPV, rather than high specificity
and NPV, detected fever. Therefore, if the body temperature measured by NCFIT is >38 ◦C,
other methods should be considered to obtain an accurate body temperature [18]. For
verifying the temperature of a child suspected of having a fever, an IRTT (in compliance
with the standard operating procedure) [37] or the axillary thermometer [5] can be used.

The present study has some limitations. First, the data analyzed were from children
who were hospitalized in a tertiary care center. Thus, the findings cannot be generalized.
Second, because of their advantages, recent studies have evaluated the accuracy of non-
contact thermometers, compared with that of IRTT, in using NCFITs in clinical settings. The
final goal of body temperature measurement is to determine the exact core body tempera-
ture. Because the tympanum is supplied by the same artery as the hypothalamus, where a
thermoregulatory center exists, the tympanic temperature is regarded as the best way to
determine the core body temperature [18,37]. However, temperature measurements taken
using IRTT could be inaccurate compared with the rectal temperature in some conditions,
such as acute and chronic inflammation of the external auditory meatus [18]. Therefore,
further studies that refer to reliable core temperatures, such as the pulmonary artery or
rectal temperature, are necessary. Third, this study presented the power/sample size calcu-
lation for the overall age group but did not present an appropriately powered calculation
for the subgroup analysis. Therefore, further studies with appropriate power/sample
sizes for subgroups are needed. Fourth, the discrepancy between the measurements of the
two thermometers can be explained by the performance, reliability, and uncertainty of the
thermometers. The temperature of the black body cavity is typically utilized as the standard
temperature for calibration since the emissivity of the canal is extremely close to unity.
Accuracy is measured by how closely the thermometer’s measurement result matches the
true value of the measurement [38]. Both systematic and random errors can be categorized
as measurement errors. Systematic error is the difference between the true value and the
mean value of multiple measurements. Random errors are a sign of measurement variabil-
ity in each individual measurement. However, uncertainty, as well as the disparity between
a single observed value and the mean values of numerous measurements, can lead to
measurement variability. The calibration equation’s anticipated values, reference standard
values, and resolution are among the sources of uncertainty [38]. To act as the blackbody’s
standard temperature, a temperature calibrator’s cell was changed. Its calibration equation
reduced the systematic errors. The way to reduce random errors is to choose better sensing
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components or use large samples [39]. In this study, data were collected by one research
nurse. There is an advantage in that the data collection consistency can be secured by one
collector, but there is a disadvantage in that it cannot be double-checked on the measure-
ments [33]. To compensate for this shortcoming, we analyzed the average value of the two
measurements. It is possible that systematic errors have occurred during this process, and
we did not consider them. Therefore, further studies applying the calibration equation to
improve systematic error are needed. In addition, it may be necessary to conduct repeated
studies using one measured value with a sufficiently increased sample size in consideration
of bias error. Last, no consensus exists regarding the cutoff point for fever via forehead
temperature measurements obtained using NCFITs. The Hong Kong government’s thresh-
old level for fever is 38 ◦C for IRTTs and 36.0 ◦C for NCFITs [40]. Lai et al. and Chen et al.
suggested temperatures of 36.7 ◦C [41] and 36.0 ◦C [38], respectively, to screen for fever.
Therefore, a well-designed cutoff point validation study is proposed, along with further
studies on the influencing factors and limitations of the offset algorithm in the temperature
measurement using NCFITs.

5. Conclusions

The consistency between the body temperatures measured using the NCFIT and IRTT
was relatively high in children aged < 18 years who were hospitalized in the pediatric
surgery unit. For an accurate diagnosis of fever (≥38 ◦C), the false-negative rate was much
lower, but the false-positive rate was higher, especially in 6-year-old children. Therefore,
NCFITs can be used to screen children for fever. However, when the body temperature is
>38 ◦C, a secondary check is required using other types of thermometers.

Author Contributions: Conceptualization, Y.-M.K. and J.-R.M.; methodology, M.-R.J., J.-R.M. and
J.-M.S.; software, Y.-M.K. and J.-R.M.; formal analysis, G.P.; writing—original draft preparation,
Y.-M.K. and Y.-J.A.; writing—review and editing, M.-R.J., J.-R.M. and J.-M.S.; supervision, M.-R.J. and
J.-M.S.; project administration, Y.-M.K. and J.-R.M.; funding acquisition, M.-R.J., J.-R.M. and J.-M.S.
All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by the research fund of the nursing department, Samsung
Medical Center, Seoul, South Korea in 2019.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Institutional Review Board of Samsung Medical Center (protocol
code 2019-08-004 and date of approval 2 November 2019).

Informed Consent Statement: Informed consent was provided by the parent/guardians if the child
was aged < 16 years; children aged ≥ 16 years signed their consent forms. Assent was provided by
children aged 6–14 years whose parents signed the consent forms.

Data Availability Statement: The datasets created for and/or used in the analysis of the current work
are not generally accessible, but are available from the corresponding author on reasonable request.

Acknowledgments: We would like to thank Da-Hyeun Lee, an audiovisual engineer at Samsung
Medical Information & Medical Services, for designing Figure 1 for this work.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Moran, J.L.; Peter, J.V.; Solomon, P.J.; Grealy, B.; Smith, T.; Ashforth, W.; Wake, M.; Peake, S.L.; Peisach, A.R. Tympanic temperature

measurements: Are they reliable in the critically ill? A clinical study of measures of agreement. Crit. Care Med. 2007, 35, 155–164.
[CrossRef] [PubMed]

2. Moore, A.H.; Carrigan, J.D.; Solomon, D.M.; Tart, R.C. Temporal Artery Thermometry to Detect Pediatric Fever. Clin. Nurs. Res.
2015, 24, 556–563. [CrossRef] [PubMed]

3. Sullivan, S.J.L.; Rinaldi, J.E.; Hariharan, P.; Casamento, J.P.; Baek, S.; Seay, N.; Vesnovsky, O.; Topoleski, T. Clinical evaluation of
non-contact infrared thermometers. Sci. Rep. 2021, 11, 22079. [CrossRef] [PubMed]

4. Sollai, S.; Dani, C.; Berti, E.; Fancelli, C.; Galli, L.; de Martino, M.; Chiappini, E. Performance of a non-contact infrared thermometer
in healthy newborns. BMJ Open. 2016, 6, e008695. [CrossRef]

http://doi.org/10.1097/01.CCM.0000250318.31453.CB
http://www.ncbi.nlm.nih.gov/pubmed/17095941
http://doi.org/10.1177/1054773814557481
http://www.ncbi.nlm.nih.gov/pubmed/25398585
http://doi.org/10.1038/s41598-021-99300-1
http://www.ncbi.nlm.nih.gov/pubmed/34764438
http://doi.org/10.1136/bmjopen-2015-008695


Children 2022, 9, 1389 11 of 12

5. ISO 80601-2-56; Particular Requirements for Basic Safety and Essential Performance of Clinical Thermometers for Body Tempera-
ture Measurement. ISO: Geneva, Switzerland, 2017.

6. Chiappini, E.; Venturini, E.; Remaschi, G.; Principi, N.; Longhi, R.; Tovo, P.A.; Becherucci, P.; Bonsignori, F.; Esposito, S.; Festini, F.;
et al. 2016 Update of the Italian Pediatric Society Guidelines for Management of Fever in Children. J. Pediatr. 2017, 180, 177–183.
[CrossRef]

7. Sehgal, A.; Debey, N.K.; Jyothi, M.C.; Jain, S. Comparison of tympanic and rectal temperature in febrile patients. Indian J. Pediatr.
2002, 69, 305–308. [CrossRef]

8. Hayward, G.; Verbakel, J.Y.; Ismail, F.A.; Edwards, G.; Wang, K.; Fleming, S.; Holtman, G.A.; Golgowska, M.; Morris, E.; Curits,
K.; et al. Non-contact infrared versus axillary and tympanic thermometers in childrne attending primary care: A mixed-methods
study of accuracy and acceptabiltiy. Br. J. Gen. Prac. 2020, 70, e236–e244. [CrossRef]

9. Shi, D.; Zhang, L.Y.; Li, H.X. Diagnostic test accuracy of new generation tympanic thermometry in children under different
cutoffs: A systematic review and meta-analysis. BMC Pediatr. 2020, 20, 210. [CrossRef]

10. FDA. Clinical Electronic Thermometer. Product Classification. 2019. Available online: https://www.accessdata.fda.gov/scripts/
cdrh/cfdocs/cfPCD/classification.cfm?ID=FLL (accessed on 22 August 2022).

11. Wang, K.; Gill, P.; Wolstenholme, J.; Price, C.P.; Heneghan, C.; Thompson, M.; Pluddemann, A. Non-contact infrared thermometers
for measuring temperature in children: Primary care diagnostic technology update. Br. J. Gen. Pract. 2014, 64, e681–e683.
[CrossRef]

12. ASTM E1965-98; Standard Specification for Infrared Thermometers for Intermittent Determination of Patient Temperature. ASTM
International: West Conshohocken, PA, USA, 2016.

13. Mogensen, C.B.; Wittenhoff, L.; Fruerhøj, G.; Hansen, S. Forehead or ear temperature measurement cannot replace rectal
measurements, except for screening purposes. BMC Pediatr. 2018, 18, 15. [CrossRef]

14. Kocoglu, H.; Goksu, S.; Isik, M.; Akturk, Z.; Bayazit, Y.A. Infrared tympanic thermometer can accurately measure the body
temperature in children in an emergency room setting. Int. J. Pediatr. Otorhinolaryngol. 2002, 65, 39–43. [CrossRef]

15. Erickson, R.S.; Kirklin, S.K. Comparison of ear-based, bladder, oral, and axillary methods for core temperature measurement.
Crit. Care Med. 1993, 21, 1528–1534. [CrossRef]

16. Fortuna, E.L.; Carney, M.M.; Macy, M.; Stanley, R.M.; Younger, J.G.; Bradin, S.A. Accuracy of non-contact infrared thermometry
versus rectal thermometry in young children evaluated in the emergency department for fever. J. Emerg. Nurs. 2010, 36, 101–104.
[CrossRef]

17. Aggarwal, N.; Garg, M.; Dwarakanathan, V.; Gautam, N.; Kumar, S.S.; Jadon, R.S.; Gupta, M.; Ray, A. Diagnostic accuracy of
non-contact infrared thermometers and thermal scanners: A systematic review and meta-analysis. J. Travel Med. 2020, 27, taa193.
[CrossRef]

18. Park, Y.J.; Park, S.; Kang, C. Systematic review and meta-analysis of diagnostic accuracy of thermometer when identifying fever
in children. J. Korean Acad. Nurs. 2013, 43, 746–759. [CrossRef]

19. Teran, C.G.; Torrez-Llanos, J.; Teran-Miranda, T.E.; Balderrama, C.; Shah, N.S.; Villarroel, P. Clinical accuracy of a non-contact
infrared skin thermometer in paediatric practice. Child Care Health Dev. 2012, 38, 471–476. [CrossRef]

20. Osio, C.E.; Carnelli, V. Comparative study of body temperature measured with a non-contact infrared thermometer versus
conventional devices. The first Italian study on 90 pediatric patients. Minerva Pediatr. 2007, 59, 327–336.

21. Sethi, A.; Patel, D.; Nimbalkar, A.; Phatak, A.; Nimbalkar, S. Comparison of forehead infrared thermometry with axillary digital
thermometry in neonates. Indian Pediatr. 2013, 50, 1153–1154. [CrossRef]

22. Paes, B.F.; Vermeulen, K.; Brohet, R.M.; van der Ploeg, T.; de Winter, J.P. Accuracy of tympanic and infrared skin thermometers in
children. Arch. Dis. Child. 2010, 95, 974–978. [CrossRef]
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