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ABSTRACT 

This study was conducted in order to understand better temperature measurement practices in clinical units 

and analyse the medical staff's level of knowledge regarding this current act. In a general middle sized 

French hospital, 282 nursing staff members were surveyed via a questionnaire. The results indicate a rather 

good knowledge (i) of threshold values that could determine hypo- or hyperthermia states and (ii) confusing 

factors that could impact the temperature measurement and lead to erroneous interpretation. Furthermore, 

the study pinpoints that the choice of the sensors used in the different clinical wards are not strictly driven 

by medical needs but rather by secondary criteria. Healthcare professionals seem to have good knowledge 

concerning the factors that could impact temperature measurement. Relevance to clinical practice: 

Concerning current practices, it appears that measurement procedures do not always comply with 

guidelines' or literature recommendations, probably due to lack of previous training. 

 

Keywords: temperature measurement, clinical practice, sensor, nurse. 

 

1. INTRODUCTION 

The body temperature parameter appears as a major variable for the monitoring of human physiological 

status (Sund-Levander and Grodzinsky, 2009; Lu and Dai, 2009). It is currently used in clinical practice for 

diagnosis, patient monitoring and treatment management (Mangat et al., 2010). Deviations from normal 

values (35.5°C to 37.6°C, Refinetti (2010)) or kinetic ones appear as important decision making criteria for 

management of patients in medical wards (O’Grady et al., 1998). This study aims to better understand the 

real temperature measurement practices in hospitals. It seeks to understand what tools are mainly used and 

how procedures or recommendations are implemented. 

 

2. BACKGROUND 

While the variable temperature is considered as fundamental its quality measurement depends on various 

factors such as measurement site, the device used or the operator technique that frequently generates 

erroneous interpretation (Evans and Kenkre, 2006). Despite numerous recommendations related to 

temperature measurement techniques, relatively few data on real clinical practice are available (Evans and 

Kenkre, 2006; Walsh et al., 2005).    

Since the progressive prohibition of conventional mercury-in-glass thermometers for medical human uses 

from 1995 (banned from French hospitals in 1999; decree of 24 December 1998), many temperature-

recording devices were introduced into hospitals, clinics, and homes (Dunleavy, 2010), as alternatives 

solutions. Currently, esophageal, bladder or rectal probes, electronic thermometers (axillary, oral, rectal), 

and finally infrared tympanic and tympanic membrane thermometers, are available in medical wards. Each 

of the devices attempts to propose a compromise between reliability, accuracy, low invasiveness and 

acceptability (Stelfox et al., 2010).  

Use of thermometer probes is dedicated to situations involving continuous temperature monitoring; three 

measurement sites are thus generally selected: esophageal, rectal and bladder. Because of the proximity 

between the heart and aorta, temperature monitored in the oesophagus closely and rapidly tracks the change 

in blood temperature of the pulmonary artery (i) at rest, (ii) during passive heating and (iii) exercise (Cooper 

and Kenyon, 1957; Carlsten and Grimby 1958; Aikas et al., 1972; Shiraki et al., 1986). Use of this kind of 

device for continuous temperature measurement is suggested for Intensive Care Unit (ICU) patients for 

whom an indwelling urinary catheter is required (Fallis, 2002). 

For punctual measurements electronic or infrared thermometers (rectal, oral, axillary and tympanic), are 

generally used. It is considered that rectal site estimates the temperature of the deep viscera (Sund-Levander 
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et al., 2010). Oral temperature is assumed to follow changes in core temperature because of proximity to the 

external carotid artery (Blatties, 1998). Axillary temperature is measured under the armpit, close to the 

brachial artery (Lim et al., 2008); it is generally taken when an oral one cannot be obtained (Barringer et al., 

2011). This method of temperature measurement is considered as unreliable in hypothermic patients because 

of the peripheral vasoconstriction that occurs (Stanhope, 2006). The tympanic temperature is based on the 

fact that the tympanic membrane and hypothalamus share their blood supply from the internal and external 

carotid arteries. 

Several user recommendations, specific to each device, are largely describe in the literature. However, in the 

case of fever management for example, daily practices are often specific to the practitioner due to non 

explicit evidence-based guidelines (Adelson et al., 2003; Adams et al., 2007; Brain Trauma 

Foundation/American Association of Neurological Surgeons, 2007).  

 

Data interpretation, following the measurement, also features a shaded area. Indeed, the definition of 

normothermia and fever is unclear for healthcare practitioners (Thompson et al., 2007). For example, Keagle 

(1999) defined the febrile state as temperature greater than 38.3°C while Cunha et al. (1984) considered 

fevers for temperature over 38.9°C as significant and Lorin (1994) advocates treating only fevers greater 

than 40°C.  

 

In this vague context, few studies have focused on the temperature measurement, real nursing practices and 

their knowledge relative to temperature sensor; measurement site influence, and data interpretation (Evans 

and Kenkre, 2006; Blatties, 1998; Betta et al., 1997). These studies highlighted that caregivers who measure 

temperature most frequently are the least qualified and the less experienced among the nursing staff. They 

also demonstrated a limited ability to identify factors that may influence measurement reliability such as 

device accuracy, measurement procedure, patient cooperation and thermal environment. The authors 

suggested that these observations are related to the fact that the majority of the care givers surveyed report 

having received no training or only informal training of short duration.  

 

Thus, the aim of this study is to collect declarative data from healthcare workers' in a French public hospital 

in order to best understand temperature measurement practices in clinical units and analyze the level of 

knowledge of medical staff in relation to this current act.  

 

3. METHODS 

The study was carried out in the second half of 2011, in a medium-sized general hospital in the Caen 

Regional University Hospital, France. Data collection was performed via a paper questionnaire specifically 

designed for the current study. The sample of respondents was made up of all nursing staff (nurses, 

healthcare assistants, students) of all medical wards except the psychology one. The questionnaire was 

presented to the head of each medical ward, made available in each department for 21 days then recovered 

and treated.  

The survey tool was designed to address three related issues. Firstly, baseline information was needed to 

identify respondents, patterns of temperature measurement, frequency of temperature measurement, sensor 

used and level of inaccuracy accepted. Secondly, the questionnaire focused on information linked to the 

device used: time for measurement, level of performances, knowledge concerning the functioning of the 

device and thirdly the factors that might influence the measurement, threshold for hypo and hyperthermia 

and training received.  

The tool consisted of a range of fixed choice questions, open questions, and scale items.  
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Categorical data from completed returns were coded by hand. All numeric and nominal data were logged 

and analyzed through MODALISA (Kynos, Paris) and statistics were performed using Statistica software. 

Chi-squared test and one way ANOVA were performed on data. Tuckey post hoc where used in case of 

significant effect on ANOVA. The level of statistical significance was set at p < 0.05. Responses to open-

ended questions were examined and recurrent themes were generated in order to regroup all the responses 

provided. Safeguards were in place to assure the anonymity of the respondents.These biomedical research 

were declared to the Commission nationale de l’informatique et des libertés (CNIL; n°1922694) 

 

4. RESULTS  

4.1 Sample characteristics: 

Completed questionnaires were returned from 282 respondents, that means a rate of return just over 24%. 

Among the 282 respondents, 272 indicate their professional status; 53.3% were nurses, 31.3% were 

healthcare assistants, 11.4% were specialized nurses (anaesthetic nurses and nursery nurses) and the other 

4% were nurse students. The respondents have 13.1 years of experience (IQR: 17.5, SD: 10.8 years) [11.6 ± 

10.9 for nurses, 19.1 ± 12.4 for healthcare assistants and 8.4 ± 11.7 for specialized nurse].  

 

4.2 Frequency of temperature measurement: 

Among the 282 respondents, 49.3% state they perform at least 2 temperature measurements  per day ; 14.2% 

state more than 5 times per day and 35.1% between two and five measures per day, 30.5% perform 

measurement once a day and 18.8% once a week.  

Table 1 presents the results of cross analysis performed between measurements frequency and (i) years of 

experience or (ii) respondent status respectively. For each of the relations tested, a one way ANOVA 

indicates a significant relationship between measurement frequency and years of experience (F(3,237)=2.95; 

p=0.03) but not between measurement frequency and respondent status (F(3,268)=1.36; p=0.25). Concerning 

the relationship between measurement frequency and years of experience, post-hoc analysis indicates a 

significant difference between the class "5 to less than 15" and "15 to less than 25 years".  

 

Table 1: Repartition of temperature measurement frequency (%) for each class of experience 

duration span. 

 More than 5 

times per day 

2 to 5 times 

per day 

Daily Around 1 times 

per week 

Never Total 

Less than 5 years (n=73) 13.7 34.2 28.8 21.9 1.4 100% 

From 5 to 15 years (n=93) 24.7 32.3 28 14 1 100% 

From 15 to 25 years 

(n=37) 
2.7 37.9 29.7 27 2.7 100% 

25 years and more (n=38) 5.3 50 28.9 13.2 2.6 100% 

 

When the subjects were asked to indicate the reason why temperature measurements are performed, four 

main themes emerge: 

• 68.3% of respondents measure temperature for prevention or early detection of infections, 

• 35.3% of respondents mentioned the need to control normothermia, 

• 27.5% measure temperature in reason of an evolution in patient health status, 

• At least, 25.2% of respondents indicate that temperature monitoring should be performed because 

this is a part of the request. 
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4.3 Device used 

Subjects were asked to indicate the temperature sensor currently used as a first or a second option. 277 

respondents state the device category that they mainly use and among them 184 indicate a second option. 

Tympanic thermometer appears to be the device mainly used in medical wards, 40.3% of respondents use it, 

and among this class the tympanic thermometer is considered as the first choices for 90% of users. A total of 

25.6% of respondents indicate using axillary thermometer; within this sub-group 60.1% use it as a second 

choice. Rectal thermometers are mentioned by 11.7% of respondents and for most cases (65%), they are 

used as a second option. Finally, 10.6% of respondents indicate the use of bladder probes, 63.3% as a second 

option.  

A statistically significant relationship was found between the temperature sensors used and the clinical 

wards (χ2 (72)=347.38, p<0.01). Bladder, rectal and esophageal probes are mainly used in critical care and 

surgical units. Inversely, even if thermometers are regularly used in these two wards, they are mainly present 

in other units.   

Respondents were asked to identify the reason why they chose to use a kind of device compared to another; 

among the 225 respondents, five themes mainly emerge:  

• Availability in the clinical service; 59.6%, 

• Rapidity; 22.4% , 

• Simplicity; 14.5%, 

• Hygiene; 13.3%, 

• Reliability; 11.8%. 

 

259 respondents indicate the level of inaccuracy or error from which they consider the data as clinically 

unacceptable. A total of 15% report as unacceptable a level of inaccuracy of 0.1-0.2°C and a large majority, 

69.7%, considered that the maximal error should not exceed ±0.5°C. 

 

4.4 Characteristics and bias related to the device used 

Subjects were asked to indicate the time required for a temperature measurement with the device they used; 

the repartition of responses for each sensor is presented in Table 2.  

 

Table 2: Estimated time required for a measurement according to sensor used. 

Sensor used A few 

seconds 

1 to 2 

min 

3 to 5 

min 

6 to 10 

min 

More than 

10 min 

Total 

Tympanic thermometer 

(n=161) 

88.2% 

 
8.7% 2.5% 0.6% - 100% 

Axillary thermometer (n=75) 4% 20% 48% 24% 4% 100% 

Rectal thermometer (n=28) - 39.3% 53.6% 7.1% - 100% 

Bladder probe (n=20) 90% 5% -  5% 100% 

Esophageal probe (n=8) 75% 12.5% - 12.5% - 100% 

 

A one way ANOVA indicates that the time required for temperature measurement depend on the sensor used 

(F(4,363)=26.59, p<0.01). Lower time is required for tympanic measurement compared to axillary and rectal 

measurements (p<0.01). Furthermore, the time required for axillary measurement is higher than for rectal, 

bladder or esophageal measurement (p<0.01). Finally, one may observe a higher time needed for rectal 

measurement in comparison with bladder and esophageal probes (p<0.01).  
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Five scales were used to generate scores for perceived accuracy, reliability, ease of use and the acceptability 

for the patients and their close relatives based on the sensor used (Table 3). Scales were scored out of 100, 

with 100 as the best score.  

 

Table 3: Estimated level of performances reported by the users (Score from 0 to 100), with 100 as the 

best score.  

Sensor used Accuracy Reliability Ease of use 
Acceptability 

for patients 

Acceptability 

for relatives 

Tympanic 

thermometer 

80.70±17.07 

(n=193) 

77.54±16.94 

(n=192) 

93.70±13.75 

(n=194) 

92.81±14.73 

(n=192) 

94.88±11.76 

(n=172) 

Axillary 

thermometer 

78.35±19.58 

(n=94) 

77.15±20.63 

(n=93) 

71.18±25.94 

(n=94) 

76.92±25.54 

(n=92) 

85.13±21.47 

(n=87) 

Rectal 

thermometer 

89.44±14.73 

(n=43) 

90.95±12.36 

(n=43) 

65.74±31.39 

(n=43) 

58.71±32.96 

(n=42) 

61.33±30.94 

(n=30) 

Bladder probe 
92.74±8.89 

(n=39) 

85.36±17.28 

(n=39) 

92.05±14.13 

(n=39) 

90.15±20.69 

(n=34) 

92.68±19.74 

(n=28) 

Esophageal 

probe 

84.55±16.35 

(n=11) 

78.18±18.34 

(n=11) 

66.82±32.27 

(n=11) 

66.25±37.01 

(n=8) 
80±21.6 (n=4) 

 

 

Concerning accuracy criteria, a one way ANOVA and post hoc analysis reveal that tympanic and axillary 

thermometers are considered as less accurate than rectal and bladder sensors (p<0.01). 

For reliability, statistics reveal that tympanic and axillary thermometers are perceived as less reliable than 

rectal and bladder sensors (p<0.01). Furthermore, rectal thermometers are considered as more reliable than 

esophageal probes (p<0.05). 

Regarding ease of use, a one way ANOVA and post-hoc analysis reveal that tympanic thermometers and 

bladder probes are considered as easier to use than axillary, rectal and esophageal sensors (p<0.01).  

This time concerning the acceptability of the sensor for the patients, tympanic thermometer and bladder 

probes are considered as more acceptable for the patient than axillary, rectal and esophageal sensors 

(p<0.01). Furthermore, rectal thermometers are considered as less acceptable for the patient than axillary 

thermometers (p<0.01). 

Finally concerning the acceptability of the sensor perceived by close relatives, tympanic thermometers are 

considered as more acceptable than axillary and rectal sensors (p<0.01). Furthermore, rectal thermometers 

are is considered as less acceptable for the patient's relatives than axillary and bladder sensors (p<0.01). 

 

An open-ended question asked respondents to describe their understanding of how the temperature sensors 

they use work. A total of 286 responses were analysed and at large majority (87%) provided erroneous 

responses. The proportion of respondents who formulate an adequate response is relatively low except for 

the axillary thermometer (26.3%) [n=76] and the esophageal probe (50%) [n=8].  

Users were also asked to identify any factors which may affect the temperature measurement for each device 

used. The 479 responses formulated to this open-ended question by 312 respondents can be classified into 

four categories: factors related to (i) the patient, (ii) the operator, (iii) the sensor and (iv) the measurement 

site. Concerning the tympanic sensor, the item Measurement site includes two main categories of response: 

the presence of earwax includes 54% of the responses in this item and the hearing instrument represents 
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17%. The presence of blood, hair, eczema, or otitis is mentioned less often. To look at the tympanic sensor 

once again, a large part of the patient factor (57%) concerns the anatomy of the ear.  

Among the operator factor, the positioning of the sensor appears as predominant factor for each sensor: 98% 

for the tympanic sensor, 91% for the axillary, 86% for the rectal thermometer, 100% for the bladder and the 

esophageal probes. For the factor patient, cooperation/agitation is reported as affecting the temperature 

measurement during axillary (74%) and rectal (57%) measurements. Concerning the axillary thermometer, 

the anatomy of the patient determines a large part of patient factor (26%) and the time required for 

measurement mainly contributes to the operator factor (56%). 

Finally when the factor sensor is considered as a confusing factor a dysfunction is the only reason reported 

except in the case of tympanic measurement for which a low battery level represents 65% of responses.  

 

4.5 Interpretation and formation 

The respondents were asked to identify the level of temperature they considered as thresholds for 

hypothermia and hyperthermia. The mean and SD of the 371 responses collected are reported in Table 4.  

 

Table 4: Mean (±SD) temperature levels considered as thresholds for hypothermia and hyperthermia 

according to sensor used (°C). 

 

Sensor used 
Hypothermia 

threshold 
Hyperthermia threshold 

Tympanic thermometer 35.6±0.51 38±0.25 

Axillary thermometer 35.65±0.45 37.86±0.34 

Rectal thermometer 35.8±0.53 38.02±0.26 

Bladder probe 36±0.37 38.05±0.27 

Esophageal probe 35.81±0.55 38.17±0.30 

 

A one-way ANOVA indicates a significant relationship between sensor used and hypothermia and 

hyperthermia threshold (F(4,366)=5.43, p<0.01 and F(4,368)=6.94, p<0.01, respectively). Post-hoc analysis 

indicate that hypothermia threshold for tympanic thermometer is lower than for rectal and bladder sensors. 

The hypothermia threshold for the bladder probe is higher than for the axillary thermometer. Post-hoc 

analysis indicates the hyperthermia threshold is lower for the axillary thermometer compared to tympanic, 

rectal, bladder and esophageal sensors.  

Finally, subjects were requested to indicate the training received based on the temperature sensor used and 

its kind; a total of 374 responses were examined. Except for the esophageal probe (25%), more than 50% of 

the respondents had not received any training related to device functioning and uses; this rate achieves 

71.6% for axillary thermometer. For the respondents who indicate that they had received training, this 

training was mainly informal. The proportion of formal training identified is only significant for the axillary 

thermometer users (11.4%), bladder (15.8%), esophageal probe users (25%), and for the rectal thermometer 

users (31%). The training are mainly performed by a tutor. Only 63 respondents give information related to 

the duration of their training; and in most cases the maximal duration is “some minutes” (86%).  

 

5. DISCUSSION 

The aim of the present study was to identify healthcare workers' practices related to temperature 

measurement in clinical units and to analyse the level of knowledge about this current act. To collect 
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information, a questionnaire has circulated in all medical wards of the Caen Region University Hospital. 282 

responses were collected giving a return rate of 24%. More than half of the respondents were nurses, 1/3 

were healthcare assistants, around 10% were specialized nurses such as anaesthetic and paediatric nurses 

and 4% were student nurses.  

This study was conducted in a single Hospital and healthcare workers were free to participate in the study. 

Moreover, collected data related to clinical practices were issued from declarative answers rather than 

objective quantifications and observations. These limitations could restrict the generalisation of the main 

findings, however this study improves the understanding of the clinical practices associated to the 

temperature measurement. Part of the information gathered in this investigation is novel and unique. In 

comparison with available literature this study provides an overall approach, considering most of the 

temperature devices used in medical wards. 

 

5.1 Frequency of temperature measurement 

This study pinpoints the importance of temperature measurement in clinical practice. In fact, around 50% of 

respondents indicate that they performed at least 2 temperature measurements per day, for 35% other 

respondents this measurement frequency ranges from 2 to 5 times per week. The very small proportion of 

respondents indicating they never performed temperature measurement enhances this observation. In 

addition, a diminution of temperature measurement frequency with an increase in experience was observed 

which comforts previous results obtained in an English hospital (Evans and Kenkre, 2006). 

Healthcare workers indicate two main reasons for performing temperature measurement: prevention or early 

detection of infection and the need to control physiological status. Although 1/4 of respondents indicate they 

perform temperature monitoring only in response to a hierarchical request, most of healthcare workers 

seems to sense the main reasons for temperature monitoring (Sund-Levander and Grodzinsky, 2009; Lu and 

Dai, 2009). The appearance of response motivated by management of patient temperature, effectiveness of 

antipyretic treatment control and well-being monitoring enhance this point and reflect the taking into 

account comfort and effectiveness of the patient care.  

 

5.2 Device used 

From our results, it seems that the clinical needs determine which sensors are used, considering the 

requirement of continuous monitoring or not and the level of accuracy desired. Probes are mainly used in 

critical and surgical units while electronics and infrared thermometers are used for punctual measures, 

mainly in general care units.  

The availability of the sensor in the clinical wards is the main criterion which determines the kind of device 

used. Thus, the sensor choice seems to be independent of the user but rather to another entity as physician, 

departments’ official care, pharmacy... The second criterion corresponds to the performance of the device in 

term of rapidity. This response confirms the temporal pressure related to the caring and the need to optimize 

the time allotted to the physiological parameters measurements. Three other criteria were regularly evoked: 

simplicity, reliability and the hygiene linked to the sensor used. Also, the first reason corresponding to the 

temperature measurement metrological quality is mentioned as only the fifth criteria. A very small 

proportion (3.8%) of the responses refers to the accuracy of the sensor. 

 

Considering measurement accuracy 70% of respondents considered that the maximal error should not 

exceed ±0.5°C.This margin value may be considered as excessive since this degree of error could result in 

inappropriate patient management (Robinson et al., 1998). Manufacturers indicates a degree of accuracy of 



European International Journal of Science and Technology                        Vol. 5 No. 5                   July, 2016 

 

 

91 

0.1 to 0.2°C which appears as the maximal error acceptable in clinical practices and standards (AFNOR, EN 

12 470-4 (2004)).  

 

5.3 Characteristics and bias related to the device used 

We attempted to understand better, what is the level of knowledge of the healthcare workers concerning the 

characteristics and the specificity of the devices they used.  

Results indicate a significant relationship between the sensor used and measurement duration. The time 

required is lower for the tympanic thermometer in comparison with the axillary and rectal thermometer. 

Concerning tympanic thermometers, it seems difficult to follow the right practice requirements (Childs et 

al., 1999; Amoateng-Adjepong et al., 1999; Mangat et al., 2010) if measurement is performed in only a few 

seconds. An average total need time of 108s has been reported for tympanic measurement (Stavem et al., 

2010). The time required for rectal and axillary measurement match requirements more closely (Stavem et 

al., 2000; Lefrant et al.,2003; Davie and Amoore, 2010). About bladder, rectal and esophageal probes, the 

estimated time required for a measurement is around a few seconds. Obviously this response does not take 

into account the time necessary to insert the probes but only the time to read the temperature value.   

 

Five scales score were used in order to assess the perceived (i) accuracy and reliability, (ii) ease of use and 

(iii) the acceptability for the patients and close people based on the sensor used.  

Results indicate that rectal and bladder sensors are considered as the most accurate and reliable device. 

Rectal thermometers are also considered as more reliable than esophageal probes. Rectal temperature is 

commonly considered as good estimation of profound viscera (Sund Levander et al., 2010) but mainly in 

stable conditions (Blatties, 1998). Thus it is difficult to consider rectal measurement as more accurate than 

the esophageal probe which is commonly selected by scientists (Robinson et al., 1998). Results concerning 

bladder measurement are surprising; in fact, this method is not considered as a baseline measure but as an 

interim measure (Fallis, 2002) and a delay occurs before bladder temperature changes, (Moorthy et al., 

1985). The results observed for axillary thermometer; are consistent with the literature that considers this 

method as not adequate (Metlay et al., 1997).  

It is difficult to compare a sensor to another one; none accurate conversion factors exist to estimate 

temperature from one site to a distant one (Konopad et al.,1994; Sund Levander et al.,2004). However, it is 

regularly considered that "Temperature is most accurately measured by an intravascular, esophageal, or 

bladder thermostat, followed by rectal, oral, and tympanic membrane measurements, in that order" (O’Grady 

et al., 2008), which is globally consistent with our results. 

Concerning the ease of use criteria, tympanic and bladder sensor are considered as the easiest devices to use; 

this observation appears consistent with the literature for the first one (Evans and Kenkre, 2006). The low 

scores observed for axillary, rectal and esophageal sensors are probably due to the invasiveness of the 

devices, the time of insertion for the probes and time required for measurement. 

In agreement with the literature, tympanic devices are considered as the most acceptable in comparison with 

all others (Evans and Kenkre, 2006). The rectal thermometer is considered as the least accepted device by 

the patient and his/her relatives. It is consistent with previous studies which indicate the method is not "user 

friendly" (Edwards and al., 2002) and that parents sometimes refused the rectal route because of the 

perceived discomfort (Carr et al., 2011) and considered abuse of their child (Kai, 1993).  

 

5.4 Knowledge of sensors functioning  

Results indicate that 87% of respondents cannot describe how the sensor they use worked. This results 

comfort the study of Evans and Kenkre (2006), and as indicated by the authors, this point is not a 



European International Journal of Science and Technology               ISSN: 2304-9693         www.eijst.org.uk 

 

 

92 

prerequisite for effective use of the technology in practice but this could participate to a better understanding 

of how the equipment operate and what kind of factors may influence the measurement. Considering this, 

we asked to caregivers the factors which may impact the temperature measurement. According to literature 

related to tympanic thermometers respondents identified factors from the ear canal such as earwax and otitis, 

(Chamberlain et al., 1991; Rabinowitz et al., 1996) or ear's anatomy because of difficulty in positioning the 

probe correctly (Childs et al, 1999). Some factors such as the presence of blood, eczema, hair or hearing aids 

were rarely mentioned in the literature to our knowledge but also identified.  

Concerning axillary temperature, sensor positioning, measurement time and patients' anatomy are confusing 

factors identified and commonly cited in literature (Blatties 1998; Lefrant et al., 2003; Davie and Amoore, 

2010). In addition, caregivers regularly identified such factors as cooperation and level of agitation, which 

may influence both the axillary and rectal measurements and this especially in children; these two factors 

have never been transcribed in literature. The insertion of the sensor is regularly identified whether for rectal 

thermometers, bladder and esophageal probes. This takes prominent place for the accuracy of the 

measurement: 4cm for rectal thermometer (Blatties, 1998), around 30cm for bladder probe and up to ¼ the 

size of the patient (Gass and Gass., 1998). Ultimately, despite a lack of knowledge of how the devices used 

really work, it appears that caregivers have a good knowledge of confusing factors that may influence the 

measurement. This lack of knowledge may be due to lack of training; in fact few respondents indicate they 

have received training and when they do, it is informal. This result is consistent with the observation of 

Evans and Kenkre (2006).  

 

The temperature level considered as an indicator of hypothermia and hyperthermia thresholds depends on 

the sensor used. The hypothermia threshold is lower for tympanic thermometers (35.6°C) than for rectal 

(35.8°C) and bladder (36°C) ones. It is also higher for bladder thermometers compared to axillary ones 

(35.65°C). Concerning the hyperthermia threshold, it is lower for axillary thermometers (37.86°C) compared 

to tympanic (38°C), rectal (38.02°C), bladder (38.05°C) and esophageal sensors (38.17°C). These global 

results are consistent with the literature and reflect a rather good knowledge of the site influence on 

temperature data. In fact, the hyperthermia threshold is included between the results observed by Grossman 

et al. (1995) and Edwards et al. (2001) which respectively report that the threshold from which nurses 

considered a patient as febrile vary between 37.2°C and 39°C. Concerning hypothermia, the reported 

threshold corresponds the ASPAN (American Society of PeriAnesthesia Nurses) clinical guideline for the 

prevention of unplanned peri-operative hypothermia (2001) which indicates that hypothermia threshold is 

36°C. Given the slight differences in measurement, the impact of the sensors may be understated.  

 

6. CONCLUSION  

Temperature measurement is an important act in daily clinical practices. Healthcare workers are both 

responsible for the measurement of temperature and its immediate interpretation. Despite this central role, 

abnormalities may be noted in responses especially concerning the relation between increased experience 

and decreasing measurement frequency, the reasons explaining the choice of the sensors used, the maximal 

acceptable measurement error, the non-compliance with recommendations for the implementation of the 

measure and the lack of specific training. Despite these negative observations and contrary to Evans and 

Kenkre (2006) French healthcare professionals seem to have good skills and knowledge concerning the 

factors that could impact temperature measurement. Respondents also present a good approach concerning 

the level of interpretation of data collected.  

This study highlights the diversity of procedures for collecting temperature in hospital. Although the 

temperature of a given patient is recognized as fundamental in the diagnostic phase or in the therapeutic 
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management, the choice of measuring procedure is often made independently of the reliability of the chosen 

pair “device/site measurement”. Moreover, it should be noticed that health care workers do not receive 

formal training relative to temperature measurement procedures, which may explain the heterogeneity in 

clinical practices and in the knowledge of guideline recommendations. 
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