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INTERNATIONAL

Standard Specification for
Infrared Thermometers for Intermittent Determination of
Patient Temperature *

This standard is issued under the fixed designation E 1965; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.

1. Scope 2. Referenced Documents

1.1 This specification covers electronic instruments in- 2.1 ASTM Standards:
tended for intermittent measuring and monitoring of patient E 177 Practice for Use of the Terms Precision and Bias in
temperatures by means of detecting the intensity of thermal ASTM Test Method$
radiation between the subject of measurement and the sensor.E 344 Terminology Relating to Thermometry and Hydrom-
1.2 The specification addresses assessing subject’s body etry’
internal temperature through measurement of thermal emission E 667 Specification for Mercury-in-Glass Maximum Self-
from the ear canal. Performance requirements for noncontact Registering Clinical Thermometérs
temperature measurement of skin are also provided. E 1112 Specification for Electronic Thermometers for Inter-
1.3 The specification sets limits for laboratory accuracy and  mittent Determination of Patient Temperature
requires determination and disclosure of clinical accuracy of 2.2 International Electrotechnical Commission Standards:
the covered instruments. IEC 601-1-2: 1993 Medical Electrical Equipment, Part 1;
1.4 Performance and storage limits under various environ-  General Requirements for Safety. Collateral Standard:
mental conditions, requirements for labeling and test proce- Electromagnetic Compatibility—Requirements and Tests
dures are established. IEC 1000-4-2: 1995 Electromagnetic Compatibility

Note 1—For electrical safety consult Underwriters Laboratory Stan- (EM(.:)_P_art 4 Tes“f‘g a.‘nd Measurement Tech.nlque_s;
dard2. Section 2: Electrostatic Discharge Immunity Test: Basic

Note 2—For electromagnetic emission requirements and tests refer to  EMC Publication (Rev. of IEC 801-2)
CISPR 11: 1990 Lists of Methods of Measurement of Electromagnetic IEC 1000-4-3: 1995 Electromagnetic Compatibity
Disturbance Characteristics of Industrial, Scientific, and Medical (ISM) 2.3 Other Standards:
Radiofrequency Equipmeht International Vocabulary of Basic and General Terms in
1.5 The values of quantities stated in S| units are to be  Metrology (VIM)?
regarded as the standard. The values of quantities in parenthg— .
ses are not in S| and are optional. - Terminology
1.6 The following precautionary caveat pertains only to the 3.1 Definitions—The definitions given in Terminology
test method portion, Section 6, of this specificatidihis  E 344 apply.
standard does not purport to address all of the safety concerns, 3.2 Definitions of Terms Specific to This Standai@he
if any, associated with its use. It is the responsibility of the useterms defined below are for the purposes of this specification
of this standard to establish appropriate safety and healthonly. Manufacturers should use this terminology in labeling

practices and determine the applicability of regulatory limita- instruments and in technical and sales literature.
tions prior to use. 3.2.1 accuracy n—ability of an infrared thermometeito

give a reading close to theue temperature.
3.2.2 adjusted moden—output of anIR thermometethat
* This specification is under the jurisdiction of ASTM Committee E20 on g“/.es temperatur? measured and calculated f_ror_n a S_UbJeCt'or
Temperature Measurement and is the direct responsibility of Subcommittee E20.a8bject, by correcting such temperature for variations in ambi-

on Medical Thermometry. _ ~ent temperaturesubject’stemperature, emissivity, body site
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3.2.3 axillary temperature [t ], —temperature at the apex  3.2.19 infrared (IR), adj—of the electromagnetic radiation
of either axilla (armpit) as measured byentact thermometer. within the mid- and far infrared spectral ranges (approximately

3.2.4 blackbody n—a reference source of infrared radiation from 3 to 30 um wavelength).
made in the shape of a cavity and characterized by precisely 3.2.20 infrared (IR) thermometem—optoelectronic instru-
known temperature of the cavity walls and having effectivement adapted for noncontact measurement of temperature of a
emissivity at the cavity opening arbitrarily considered equal tasubject by utilizinginfrared radiation exchange between the
unity. subjectand thesensor.

3.2.5 blackbody temperature {t], n—temperature of 3.2.21 instrumentational offset [j}, n—calculated differ-
blackbody cavity walls as measured by an imbedded oence in degrees of measured temperature betwesn tem-

immersedcontact thermometer. peratureandear canal temperaturederived from the popula-
3.2.6 bladder temperaturen—temperature of the interior of tion of representative study samples.
urinary bladder as measured byantact thermometer. 3.2.22 internal, adj—of the interior of subject’sbody or

3.2.7 body temperaturen—temperature measured from the body cavity, such as pulmonary artery, urinary bladder, oral,
interior of a human body cavity, such as pulmonary arteryyectal, etc.
distal esophagus, urinary bladder, ear canal, oral, or rectal. 3.2.23 laboratory error [5], n—difference betweemnad-

3.2.8 clinical accuracy n—ability of an infrared ear canal justed temperatureas measured by alR thermometerand
thermometer to give a reading closettoe temperaturef the  temperature of a blackbody, over specified operating condi-
site that it purports to represent. tions of ambient temperature and humidity ahbthckbody

3.2.9 clinical bias [xy], —mean difference between IR temperature ranges.
thermometer output and an internal body site temperature from 3.2 24 operating temperatuggnr—ambient temperature that
subjectsat specified conditions of ambient temperature andllows operation of afR thermometewithin specifiedlabo-
humidity and averaged over a selected group of subjects. ratory error range.

3.2.10 clinical repeatability [s], n—pooled standard devia- 3,225 operating humidityn—relative humidity of ambient
tion of changes in multiplear canal temperatureeadings as  ajr which allows operation of afR thermometemwithin a
taken from the same subject from the same ear with the sam@ecifiediaboratory error range.
infrared thermometeby the same operator within a relatively 3 5 og oral temperature [3,], n—posterior sublingual tem-

short time. perature as measured bycantact thermometer.

3.2.11 combined site offset [}, n—calculated difference in 3.2.27 physiological site offset, [if, n—difference in de-
degrees of measured temperature between a selected referegegas of measured temperature between two body sites derived
body site andear canal temperatur@nd averaged over the o the representative study samples.
population of representative study samples.

3.2.12 contact thermometern—an instrument that is
adapted for measuring temperature by means of therm
conductivity by determining temperature at the moment when
negligible thermal energy flows between the thermometer anﬂ

the object of measurement.

3.2.28 probe n—part of anlR thermometethat channels
etinfrared radiation between theubjectand thesensorand is
tended to be positioned near or inside gubject.

3.2.29 probe covern—disposable or reusable sanitary bar-
er enveloping that part of thprobewhich otherwise would

— come in contact with aubject.

3.2.13 core temperature [f, n—temperature at aubject's 3.2.30 professional usen—intended or implied use of an
g&%)éz;tebrs licr?] aasn?g lmg&%ryaﬁgegcglS;?;:joapsh?r?dﬁaﬁ\rgﬁ strument by individuals that are licensed or certified for
internallbodg te?nperature and c;btainegd witltantact ther- collecting information for medical diagnosing purposes.
mometer 3.2.31 rectal temperature [},], n—temperature in the anal

3.2.14 mode n—an output of arlR thermometethat gives canal as measured bycantact thermometer.

a representation of a temperature using a disclosed calculatior|13'2'dBi resolutﬁ)n n—m|n|r_nudm temperatlu_re mcren;]ent ﬁ's.'
technique with respect to selected reference (for exampl@@yed by arR thermometem degrees Celsius or Fahrenheit.

blackbody, oral, rectaletc.). 3.2.33 scalg n—graduation of temperature display in de-

3.2.15 displayed temperature range—temperature range 9r€€s Celsius or Fahrenheit.
in degrees Celsius or Fahrenheit that can be shown bjran ~ 3.2.34 sensor n—device designed to respond to ni&t
thermometer. radiation and convert that response into electrical signals.

3.2.16 IR thermometer typen—an optoelectronic instru-  3.2.35 skin temperaturen—average temperature of a flat
ment that is capable of noncontanfrared temperature mea- Skin surface as measured from tield of viewof an IR skin
surement when placed into the auditory canal stibject(ear ~ type thermometer, with an appropriate adjustments for skin
canal type) or from theubject’'sbody surface (skin type). emissivity.

3.2.17 ear canal temperature [t], n—displayed unadjusted 3.2.36 systemn—combination of anlR thermometeand an
temperature measured from theld of viewof anIR thermom-  installedprobe cover.

eterwhoseprobeis placed into the auditory canal ofsaibject 3.2.37 subject n—a human whose temperature is measured.
according to the manufacturer's recommendations. 3.2.38 true temperature n—temperature attributed to a

3.2.18field of view n—area of a subject’s surface that particular site of asubjector object of measurement and
exchanges thermal radiation with the sensor. accepted as having a specified uncertainty.
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3.2.39 tympanic temperature {f, n—temperature of either 5.6 Ambient Conditions
tympanic membrane as measured bgoatact thermometer. 5.6.1 Operating Temperature Range

3.2.40 unadjusted moden—an output ofIR thermometer 561 1 The system shall meet laboratory error requirements
that displays temperature measured and calculated from g specified in 5.3 or 5.4, or both, when operating in an
subjector object, without any corrections for variations in gnvironment from 16 to 40 'oC (60.8 t,o 104.0 °F).

operating temperatutesubject temperature, emissivity, etc. 5.6.1.2 If the operating temperature range is narrower than

4. Classification specified in 5.6.1.1, the device shall be clearly labeled with a
4.1 IR thermometers may be classified into two types: ,.ealpautionary statement of the maximum or minimum operating

canal IR thermometers” and “skin IR thermometers.” temperatures, or bOth'_ o
4.1.1 The ear canal IR thermometer is intended for assessing2-6-1.3 Under no circumstances may the upper limit of

the internal temperature of a subject. operating temperature range be less than 35 °C (95 °F).
4.1.2 The skin IR thermometer is intended for assessing the 5.6.2 Operating Humidity Range-The relative humidity
outer surface temperature of a subject. range for the operating temperature range as specified in 5.6.1
i is up to 95 %, noncondensing.
5. Requirements 5.6.3 Shock

5.1 The following requirements shall apply to any IR 5531 The instrument with batteries installed (if appli-
thermometer that is labeled to meet these specifications.  ¢aple) without a carrying (storage) casing shall withstand drops
5.2 Displayed Temperature Range with controlled orientation of the device without degradation of

5.2.1 In any display mode, an ear canal IR thermometef cyracy as specified in 5.3 or 5.4, or both, for a blackbody

shall display a subject’s temperature over a minimum range Otfemperature of or near 37 °C (98.6 °F), when tested according
34.4t0 422 ° C (94.0 to 108.0 °F).

to

5.2.2 A skin IR thermometer shall display a subject’s
temperature over a minimum range of 22 to 40.0 °C (71.6 tqs
104.0 °F). '

5.6.3.2 If an IR thermometer does not meet requirement of
6.3.1, a means of detecting and informing the user of its

5.3 Maximum Permissible Laboratory Error (for an Ear mop_erable state, after being subjected to shock, shall be
provided.
Canal IR Thermometer)

5.3.1 Within the manufacturer’s specified operating ambient >.6.4 Storag_e Conditions-The instrument shall megt the
conditions (see 5.6), laboratory erfoas measured according 2cCuracy requirements of 5.3 or 5.4, or both, after having been

to 6.1.4 shall be no greater than values specified below: stored or transported, or both, at any point in_ an env_ir(_)nment
5.3.1.1 For blackbody temperature range from 36 to 39 °?f =20 10 + 50 °C (= 4 to + 122 °F) and relative humidity up

(96.8 to 102.2 °F) to 95 %, noncondensing, for a period of one month. The test
' ' 0.2 °C (0.4 °F). procedure is specified in 6.1.6.
5.3.1.2 For blackbody temperatures less than 36 °C (96.8 5:6.5 Cleaning and Disinfectioa-Instrument performance
°F) or greater than 39 °C (102.2 °F) shall not be degraded by using the manufacturer's recom-
0.3 °C (0.5 ° F). mended procedures for cleaning and disinfection provided in
5.4 Maximum Permissible Laboratory Error (for a Skin IR the instruction manual. Such procedures are part of the
Thermometer) required documentation in 7.2.2.

5.4.1 Within the manufacturer’s specified operating ambient 5.6.6 Electromagnetic Immuniy-An IR thermometer that
conditions (see 5.6) over the display temperature range ds intended for professional use shall meet the accuracy
specified in 5.2.2, laboratory errdras measured according to requirements of 5.3 or 5.4, or both, for temperature ranges of

6.1.5 shall be no greater than 0.3 °C (0.5 °F). 6.3.2, during and after exposure to electromagnetic interfer-
5.5 Special Requirements ence.
5.5.1 Clinical Accuracy 5.6.7 Electrostatic Discharge-An IR thermometer shall

5.5.1.1 The clinical accuracy requirement is applicable onlymeet the accuracy requirements of 5.3 and 5.4, or both, for
to an ear canal IR thermometer system and the correspondingmperature ranges of 6.3.2, aftes from being subjected to
age groups of subjects for which such thermometer is labeleglectrostatic discharge.

or implied to be used. , 5.7 Low Power Supply OperatierThe instrument shall
5.5.1.2 Clinical gccuracy_ghall be determlneq separately foéperate at power supply voltage lower by no less than 0.1 V
each of the following conditions: for each device model, forinan that required for indication of low power supply sign as

each adjusted display mode, and for every age group of febrilg,ecified by 5.8.3. The test of operation is defined in 6.3.2 and
and afebrile subjects on which the IR thermometer is intendeg 3 3.

to be used. .

5.5.1.3 Any disclosure of clinical accuracy claims shall be 5.8 Display a'nd Human Interface ,
accompanied by disclosure of methodology and procedures, 5.8.1 Io?esolutlon—The resolution of a display shall be 0.1
Such information shall be made available on request. C(0.1°F).

5.5.1.4 Clinical accuracy should be determined in form of 5.8.2 Modes
two characteristics—clinical bias with stated uncertainty and 5.8.2.1 An IR thermometer shall indicate in what mode the
clinical repeatability, as defined in 3.2.8. instrument is set.
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5.8.2.2 Unadjusted Mode-The unadjusted mode shall be TABLE 1 Conditions of Ambient Temperature and Humidity for
accessible by the user either by setting the instrument into thaf'ésting an IR Thermomg}ﬂmtf&agl?ﬁbody for Each of Three
mode directly or by a conversion technique from adjusted ackbody Settings

mode Operating Temperature Relative Humidity (%)
5.8.2.3 Adjusted mode sets an IR thermometer to represent 16t 18 °C (60 to 65 °Fy less than 50
¢ body sit h | rectal et 16 t0 18 °C (60 to 65 °F) 90 to 95
a reference body site, such as core, oral, rectal, etc. 2410 26 °C (75 to0 80 °F) 40 10 60
5.8.3 Warning Signs-The instrument shall have means to 38 to 40 °C (100 to 104 °F)’ less than 25
inform the operator when the following are outside the__381©40°C (1001 104°F) 751085

operating ranges specified by the manufacturer: power supply,
subject temperature, and ambient temperature.

5.9 Construction 6. Test Methods

5.9.1 Housing Materials—All materials that may come in g 1 The tests are not required for every produced instru-
contact with the operator or a subject shall be nontoxic. ment. However, each producer or distributor who represents its

5.9.2 Probe Covers instruments as conforming to this specification shall utilize

5.9.2.1 To provide a sanitary barrier between a subject angtatistically based sampling plans that are appropriate for each
the probe, a probe cover that comes in contact with a subjecbarticular manufacturing process, in the design qualification of
if such a probe cover is required by the manufacturer, shallhe device, and shall keep such essential records as are
maintain its physical integrity while being placed on the probenecessary to document with a high degree of ensurance its
and during temperature measurement. claims that all of the requirements of this specification are met.

5.9.2.2 A probe and a probe cover of the system shall have 6.1.1 The manufacturer shall make the sampling plans
shape and dimensions that prevent injury to a subject of angvailable upon request.

age. 6.1.1.1 Laboratory Accuracy Tests:
5.9.2.3 A probe cover shall not increase laboratory errors 6.1.1.2 General—Laboratory accuracy tests are intended for
whose limits are set in 5.3.1. verifying compliance of the design and construction of a
5.10 Labeling and Marking (Instruments and Accessoties) particular type or model of IR thermometer with the error
5.10.1 Thermometer and Accessories limitations specified in 5.3 or 5.4, or both.
5.10.1.1 Athermometer shall clearly indicate the units ofits 6.1.2 Laboratory accuracy of an IR thermometer shall be
temperature scale. tested in all available display modes.

5.10.1.2 An IR thermometer housing shall be clearly 6.1.3 Blackbody N
marked with the trade name or type of the device, or both, 6.1.3.1 Under laboratory conditions, an IR thermometer
model designation, name of the manufacturer or distributorshall be tested against a blackbody standard. A recommended
and lot number or serial number. bIaCkbOdy dESign is prOVided in Annex Al. The temperature of
5.10.1.3 An IR thermometer intended for professional usé Plackbody shall be measured by the IR thermometer being
shall be conspicuously labeled with indication of the unadlested in accordance with a procedure recommended by the
justed or adjusted mode(s), or both, that correspond to th&anufacturer for the particular IR thermometer.
temperature value(s) capable of being displayed by the instru- 6-1.3.2 The true temperature of the blackbody shall be
ment. Such labeling is optional for IR thermometers thatm_onltored b_y a contact imbedded or immersed thermometer
display only one mode and are intended for non-professiond¥ith uncertainty no greater than 0.03 °C ¢ 0.05 °F).
use. However, as required in 7.2.1.3, the instruction manual for 6-1.3.3 A manufacturer may require that an IR thermometer
both professional and non-professional use IR thermometel§ tested only with a manufacturer specified blackbody, rather
shall specify the body site(s) (that is, oral, rectal, core) used t§1an that described in Annex Al.
reference the adjusted temperature value(s) displayed. 6.1.4 Ear Canal Type IR Thermometer
6.1.4.1 Tests shall be repeated for three blackbody tempera-
NO'I:E 3—All markings shall not deteriorate after prolonged use Or tures, tgg set within = 0.5 °C (+ 1 °F) from the following
cleaning. temperatures: 35, 37, and 41 °C, (95, 98.6, and 105.8 °F). At
5.10.2 Probe Covers Package each blackbody temperature, the tests shall be repeated under
5.10.2.1 The package shall state the name and type of tt{e€ ambient conditions stated in Table 1.
enclosed products, name of the manufacturer or distributor, 10t N 4—For an IR thermometer that is specified for a different
number or serial number, and expiration date (if the probeperating temperature range than that required in 5.6.1.1, temperatures in
covers have limited shelf life). Table 1 marked with an asterisk shall be changed for the respective limits
5.10.2.2 The thermometer model(s) for which the covers aréf such specified operating temperature range.
intended for use shall be specified on the probe cover package.6.1.4.2 Prior to the measurements, the IR thermometer shalll
5.10.2.3 The package shall state whether the probe cover ks stabilized at given conditions of ambient temperature and
intended for single use or multiple use. humidity for a minimum of 30 min or longer if so specified by
5.10.2.4 Any probe cover handling, application, storage, othe manufacturer.
cleaning procedures which impact the ability of an IR ther- 6.1.4.3 At each combination of operating temperature and
mometer to meet the requirements for maximum permissibl&umidity in Table 1, at least six measurements shall be taken
laboratory error specified in 5.3 shall be stated. for each blackbody temperaturtgg. The number of readings
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shall be the same for all combinations. A new disposable probe
cover (if applicable) must be used for each test reading. The
rate and method of temperature taking shall be in compliance
with the manufacturer's recommendations.

6.1.4.4 The requirements of 5.3 demand that no individual
error §; exceeds the specified limits for laboratory error. The
individual measurement error is:

§ =1t —tg @)

center

,_,.
|

= displayed or calculated value of unadjusted tem-
perature,
= true temperature of the blackbody,
] = sequential number of a reading,
= signifies taking an absolute value.
6.1.4.5 In each mode, three data sets shall be formed. Each
data set is comprised of valueg obtained at the same
blackbody temperature setting by pooling together values for
all combinations of operating temperature and humidities
obtained at that blackbody temperature. The largess a )
measure of the laboratory error of a system. B window
6.1.4.6 The correction method to arrive at unadjusted tem-
peraturet; from readings in adjusted mode(s) shall be used Nore 1—IR thermometer is shown in the fall position along Axis B.
according to the manufacturer's recommendation. Such reconHG. 1 Axes of IR Thermometer Defined for the Purpose of Shock
mendations shall be available from the manufacturer on request Test
and provided in the service and repair manual, if any (see 7.3).

6.1.4.7 To comply with this standard, the greatest calculated

error 5 from all data sets measured and calculated for alPUlmonary artery or sublingual cavity) for the reference

displa)} modes shall conform with requirements set forth in 5,gmeasurements. During clinical tests, the IR thermometer under

6.1.5 Skin Type IR Thermometer test shall be set in the corresponding mode.

A e 6.3 Shock Test
6.1.5.1 Testing is as specified in 6.1.4 except that blackbody -
temperatures shall be set withih 1°C (+ 2 °F) from the 6.3.1 To test the ability of an IR thermometer to comply

; . o o\ith 5.6.3, it shall be subjected to a fall from a height of 1 m

following temperatures: 23, 30, and 38 °C (73, 86, and 100 °F th . )

6.1.5.2 The greatest calculated erfprfrom all data sets 391in.) onto a 50 mm (2in.) thick har_dwood board_(hardwood
shall conform with requirements set forth in 5.4. of density higher than 700 kgfinthat lies flat on a rigid base

6.1.6 Storage Test-To test compliance with storage condi- (concrete block). The test shall be performed with a controlled
tioné ' an IR thermometer shall be maintained in an enViron_orientation of the device once for each of two axes (see Fig. 1)
mental chamber at temperature —20 °C (-4 °F) relativavhere the IR thermometer probe faces down. Akis defined
humidity below 50 %, for a period of 30 days and at 50 °C (122aS an optical axis of the probe. A passes through the IR

°F), relative humidity no less than 75 % noncondensing, for 6[hermometer center of gravity and the point where the window

period of 30 days. After each exposure the IR thermomete?f the probe crosses axis

shall be tested according to 6.3.2 and 6.3.3. Note 5—If axes as in Fig. 1 cannot be identified for a particular
6.2 Clinical Accuracy Tests-This specification does not thermometer, the drop direction shall be that which may cause the greatest

prescribe an actual method for determining clinical accuracy ofamage.

establish specifications for values which characterize clinical 6.3.2 The IR thermometer’s operation shall be tested by

accuracy. Manufacturers shall perform clinical accuracy testingneasuring the temperature of a blackbody that is set within

in accordance with methods acceptable to the U.S. Food ar@5 ° C ( 1 °F) from 37 °C (98.6 °F), at ambient temperature

Drug Administration. An example of a method which may bein the range from 20 to 26 °C (68 to 79 °F) and relative

used for this purpose is provided in X2.3. humidity in the range from 40 to 70 %. A total of at least five
6.2.1 Purpose of Tests-Clinical accuracy tests are intended measurements shall be performed by using a new disposable

for evaluation of accuracy of built-in instrumentational or probe cover (if applicable) for every measurement. The IR

combined site offsets, or both, and performance of an IRhermometer shall be set in an unadjusted mode as specified in

thermometer in assessing internal body temperatures from.8.2.2.

actual subjects. While this specification does not set limits for 6.3.3 The unadjusted temperature value shall be subtracted

clinical accuracy, it is the responsibility of a manufacturer tofrom the blackbody setting. The absolute value of the largest

determine values characterizing clinical accuracy and discloserror shall be no greater than the error limit set forth in 5.3 (or

them upon request. 5.4, whichever is applicable) for the blackbody temperature
6.2.2 Reference SitesThe tests shall be performed on range from 36 to 39 °C (96.8 to 102.2 °F).

groups of subjects by using an internal body site (for example, 6.4 Electromagnetic Susceptibility Test

of gravity
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6.4.1 The instrument under test shall be exposed to a 6.5.2.1 The discharge shall be aimed at an electrically
modulated electromagnetic radiofrequency field with the fol-nonconductive part of the IR thermometer probe with no probe
lowing characteristics and in accordance with standardsover attached.

IEC601-1-2 and IEC 1000-4-3. 6.5.2.2 The level of discharge shall be 2, 4, and 8 kV.
6.4.1.1 Field Strength—3 V/m; 6.5.3 Contact Discharge
6.4.1.2 Carrier Frequency Range-26 MHz to 1 GHz; 6.5.3.1 The probe of the electrostatic discharge device shall
6.4.1.3 Frequency Sweep Intervalt MHz/s, minimum; touch one of the electrically conductive parts on the outside of

6.4.1.4 Frequency Interval Dwell TimeThe larger of either the IR thermometer housing.

1 s. or the measurement response time of the instrument under®-5-3-2 The level of discharge shall be 2, 4, and 6 kV.
test: 6.5.4 After electrostatic discharge, the IR thermometer shall

6.4.1.5 AM modulation. 80 % index with a sine wave or be tested according to the procedures of 6.3.2 and 6.3.3.

100 % with a square wave having a 50 % duty cycle. A ,

modulation frequency that is within each significant signal-/- Documentation

processing passband of the instrument under test shall be used7.1 Identification

For devices not having a defined passband, modulation shall be7.1.1 In order that purchasers may identify products con-

1 Hz, 10 Hz, and 1 kHz. forming to requirements of this specification, producers and
6.4.2 Specific conditions for testing are as follows: distributors may include a statement of compliance in conjunc-
6.4.2.1 No change of the probe covers is required whildion with their name and address on product labels or associ-

performing the electromagnetic compatibility test. ated printed materials, or both, such as invoices, sales litera-

6.4.2.2 The IR thermometer probe shall be aimed at a targd{®: and the like. The following statement is suggestdtiis

whose surface temperature is within the display range of the [#frared thermometer meelfs requirem$nts]c estsblishefd in ASTM
thermometer. The target does not have to be a blackbody. >tendard (E 1965-98). Full responsibility for the conformance

6.4.2.3 IR thermometers capable of producing continuou f this product to the standard is assumed by (name and

temperature readings shall have their readings taken succe%ddreSS of producer or distributof)in the event one or more

sively and compared to one another during the frequenc .
sweep interval. ‘Zhall be included.

6.4.2.4 IR thermometers not capable of producing continu 7.1.2 The IR thermometer shall be identified as intended for

. A o rofessional or consumer use, or both, as applicable.
ous temperature readings shall have their circuitry modified t(g) 7 2 Instruction Manual PP
allow for continuous monitoring of the IR and reference 7'2 1 Specifications-An instruction manual shall be bro-
temperature signals. The peak excursions of the monitored IR 7 P : e . e p
. : vided and contain the system specifications, including but not

and reference temperature signals measured during frequen Y L

- ithited to the following:
sweep interval shall be recalculated to represent the corre- 7211 Displaved temperature rande
sponding temperature excursions. On request, the manufacturer7'2'l'2 Masim{Jm Iabo?ator error ge.
shall make available the method of the circuit modification. 7'2'1'3 Body site(s) used gs a réference for adiusting the

6.4.2.5 IR thermometers having digital output shall haved o y ) 9

Se . . displayed temperature value.
Lf(l;l\r/esr[[ger:al monitored at the output of the analog-to-digital 7.2.1.4 Applicable subject categories for each display mode.

7.2.1.5 Required period of recalibration or reverification, if
Note 6—Modification of the circuit should not affect dimensions of the applicable.
circuit board or significantly alter position of components and conductors. 7.2.1.6 Environmental characteristics (operating and storage

6.4.2.6 Non-conductive and dielectric connections (for ex.@nges for temperature and humidity).
ample, fiber-optic) shall be used between the IR thermometer /-2-1.7 Statement informing that clinical accuracy charac-
and all test equipment so as to minimize perturbations of th&eristics and procedures are available from the manufacturer on
electromagnetic field. request.

6.4.2.7 Calculated temperature excursions shall deviate 7.2.2 Detailed instructions-The instruction manual shall
frorﬁ 6ﬁe another by value no greater than required by 5.6 6contain adequate instructions for use with sufficient detail for

o training in the operation, application, care, and biological and
6.5 Electrostatic Discharge Te_sts ) hysical cleaning of the instrument and accessories. The
6.5.1 The effects of electrostatic discharge on accuracy of ap\cirction manual shall include warnings if performance of the
IR thermometer shall be tested in compliance with provisions,girment may be adversely affected should one or more of the
of standard IEC 1000-4-2: 1995. Specific conditions for teSt'ngfoIIowing oceur:

are as follows: _ 7.2.2.1 Operation outside of the manufacturer specified
6.5.1.1 The IR thermometer shall be in a “power on” stategpject temperature range.
when subjected to electrostatic discharge. ~7.2.2.2 Operation outside of the manufacturer specified
6.5.1.2 Ten air and ten contact discharges shall be apphe@peraﬁng temperature and humidity ranges.
6.5.1.3 If IR thermometer under test has no exposed elec- 7.2.2.3 Storage outside of the manufacturer specified ambi-
trically conductive parts, only air discharge shall be applied. ent temperature and humidity ranges.
6.5.2 Air Discharge 7.2.2.4 Mechanical shock.

rovisions of this standard are not met, a cautionary statement
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7.2.2.5 Manufacturer defined soiled or damaged infrarednents in the display range of 37 to 39 °C (98 to 102 °F) for IR

optical components. thermometers ist 0.2 °C (£ 0.4 °F), whereas for mercury-
7.2.2.6 Absent, defective, or soiled probe cover (if appli-in-glass and electronic thermometers, the requirement per

cable). ASTM Standards E 667-86 and E 1112-86+i9.1 °C (+ 0.2
7.2.2.7 Use of unspecified probe covers. °F).”

7.2.3 Blackbody—The instruction manual shall indicate the 7.3 Service and Repair Manual
type and availability of a blackbody recommended for verify- 7,31 A detailed service manual shall be made available if
ing laboratory or clinical accuracy, or both, if only such type is yser service or repair is permitted by the manufacturer.
required by the manufacturer as addressed in 6.1.3.3. 7.3.2 A service manual shall disclose values of instrumen-
7.2.4 The instruction manual shall specify whether thei tion or combined site offsets. or both.
probe cover is intended for single use or multiple use. If 7.3.3 Aservice manual shall provide a method of arriving to

multlplg use is allowed, cleaning mstructlons'and criteria forunadjusted readings from temperatures displayed in an ad-
determining when a probe cover should be discarded shall b sted mode

specified. Cleaning instructions shall be adequate to reveﬁ .
P 9 g P 7.4 Accuracy Determinationr-A manufacturer shall make

cross-contamination between patients. . e .
P favallable upon request specific instructions for tests to deter-

7.2.5 The instruction manual shall inform the user of®" - . - o
differences in the accuracy of measurements obtained with 1ine the laboratory error, clinical b'a?s_a”d C“n'c‘?l _repeatab|l|ty
f an IR thermometer. When describing how clinical tests are

thermometers versus contact thermometers (that is, mercury- 2 .
( rformed, the manufacturer shall disclose the profile of

in-glass and electronic thermometers). Such differenc h : ; . .
glass and electronic thermometers). Such differences s gubject groups tested, including age and febrile status. A

include, whenever applicable, a description of the anticipate tailed dure for taki f t i I hall
error sources associated with disposable or reusable pro & alled procedure for taking reference temperatures aiso sha

covers and sleeves, operators’ technique, anatomical vari € disclosed.

tions, earwax buildups, subject cooperation, etc. In addition

this section of the instruction manual that explains difference@' Keywords

in the accuracy of measurements obtained with IR thermom- 8.1 auditory canal; body temperature; ear; fever; infrared,;
eters versus contact thermometers shall conspicuously includreedical instrument; temperature; thermometer; tympanic
the following statement: ASTM laboratory accuracy require- membrane

ANNEX
(Mandatory Information)

Al. STANDARD BLACKBODY DESCRIPTION

Al.1 Ablackbody that is intended for use in the laboratorymetal cavity is connected to a surface box fabricated of a
tests shall have effective emissivity approaching unity. Thematerial having low thermal conductivity, such as Delrin or
most efficient way of designing a blackbody is to form it in a ABS plastic. The box shall be reliably secured to the water bath
shape of a cavity whose wall temperature is precisely knowro prevent the blackbody from free floating on the surface of
and from which infrared radiation is allowed to escape throughwater. Alternatively, the cavity may be secured horizontally
a small opening1,2).6 Arecommended design is based on thewith the opening in a water bath wall as (8).
blackbody source developed in The National Institute of ) ) ) )

Standards and Technologg) and is shown in Fig. A1.1. For ~ Al.2 The cavity opening for the insertion of the probe end
the purpose of this specification, emissivity of this blackbodyMust have a diameter sufficiently small for the snug fitting of

(at the rimX of the opening in the upper portion of the cavity) the probe with a probe cover attached (if applicable). The probe
should be considered equal to unity. end preferably should be aligned with the rim of the opening

Al.1.1 The blackbody cavity is fabricated of metal havinganOI should not protrude into the cavity by morerti2am (0.08

. - in.). No metal portion of the cavity should be positioned above
high thermal conductivity, preferably oxygen-free copper. Thethe water level. The shape and dimensions of the opening into

outer surface of the cavity may be plated with thin layer of gold g
over nickel to retard oxidation of the copper surface. Thethe blackbody shall correspond to those specified by the

interi ‘ f th ity i nted with . “manufacturer of the instrument being tested. The opening shall

interior surface of the copper cavily 1S painted with organiCq g, that the probe is properly positioned in the blackbody

enamel paint with thickness after drying of between 20 and 5 ;

S - AR . hen manually inserted.

pm. Color of paint is not critical. The cavity is immersed into

a stirred water bath (liquids other than water may be used). The A1.3 The water bath shall have a volume of 2 L (2 qt) or
greater and temperature stability within 0.02 °C (0.04 °F).
True temperature of the water shall be monitored with an

® The boldface numbers given in parentheses refer to a list of references at tﬂéncertaimy no greater thar 0.03 OC_ (0-05 OF). by .an )
end of the text. immersed contact thermometer for which the calibration is
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Non-metal mounting flange IR probe traceable to a national physical standard of temperature. The
contact thermometer should be positioned into the water in

water level - TE— .. .
close proximity to the blackbody cavity.
>20 mm
A d5mm Al.4 Iltis possible for the test purposes to use a blackbody
of a different design. However, emissivity of such a blackbody
\ shall be known in comparison to the one described above, and
used for correction in measured temperatures.
g size of the opening
g E black paint shall be sufficient
S for snug fitting
A of the probe end
—
wall thickness 2 mm
v v Note:
— — S Only critical dimensions
are shown
L
36.4°

FIG. A1.1 Water-Immersed Blackbody

APPENDIXES
(Nonmandatory Information)

X1. BACKGROUND

X1.1 The materials of this section contain statements whictbandwidth of a medical IR thermometer is generally limited to
do not represent any standard or requirement and should ke range from 3 to 30 um, that is well beyond the visible
used only for reference purposes. region and is situated in the near and far infrared spectral

X1.2 The intensity of infrared (IR) radiation represents theranges. L
temperature of the surface from which it is emitted. A medical X1-3-2 Wien's displacement law for absolute blackbody
IR noncontact thermometer covered by this specification is afdiation of 37 °C (98.6 °F) gives a peak wavelength at 9.34
electronic device having an optical probe. IR radiation ishmM, while the net IR flux spectral density for blackbody
collected from the field of view of the probe and is convertedradiation of 37 °C and the IR sensor at normal room tempera-
into an electrical signal for calculation of the surface temperature has a maximum spectral density near 8 um of wavelength
ture of the subject. Assessing temperatures measured by I®ee Fig. X1.1). The net infrared flux over a broad spectral
thermometers has both technical and medical aspects. THhigange may be determined from the Stefan-Boltzmann equation:
former depend on the design of a particular thermometer, while @, = Ace,e (TE—T4 (X1.1)
the latter relate to properties of the subject of measurement.

=
=
(0]
@
D

X1.3 Technical Background

X1.3.1 While contact thermometers, of either equilibrium or o
predictive type, rely on conductive heat transfer, IR thermom-€,
eters use naturally emitted electromagnetic radiation. Thess emissivity of the sensor, _
magnitude and the spectral distribution of the radiation areTn = Surface temperature (in degrees Kelvin) of the sub-
functions of the subject’'s and sensor’s temperatures and their ject, and ) )
respective emissivities. The spectral density of the radiation is's surface temperature (in degrees Kelvin) of the sensor.
governed by Planck’s law and theoretically occupies an infi- X1.3.3 Eq X1.1is a fundamental formula for calculating the
nitely wide spectrum. However, due to the shape of the densitgurface temperatur&, of the subject. For that purpose, the
curve and a filtering effect in the optical components, theformula is rearranged as:

>

the optical coefficient,
Stefan-Boltzmann constant,
emissivity of the subject,



Ay E 1965 - 98 (2003)

140 | | | _
Optical
/ \ th=42 °C (107.6 °F) C"mpo'}?m
120 . Ear canal
\ IR sensor\ /
100 A m
o b= 37 °C (98.6 °F) Computer
é / \ (_m / Tympanic
; 80 ' Probe membrane
E \ \ cover " External ear
Displa w
-§ 60 / \ S Reference
o] Sensor
< \ \ FIG. X1.2 General Structure of a Medical IR Thermometer for
g 40 \ \ Measuring Temperature from an Ear Canal
Z ‘\\
/ \ Therefore, ideal blackbodies are modeled with practical black-
20 A AN bodies which have emissivities approaching unity as closely as
/ \‘ \ possible
th=32 °C (89.6 °F) \§ X1.3.6.2 A cavity-type blackbody is commonly used to
0 ! | } } calibrate and verify the accuracy of IR thermometers. Due to
0 4 8 12 16 20 24 28 multiple internal reflections of infrared photons inside the
Wavelength (um) cavity, those which emerge through the cavity opening have IR
FIG. X1.1 Normalized with Respect to  ,=37 ° C Spectral Net Flux flux characteristics very near that which would emanate from
Density for Three Blackbody Temperatures and IR Sensor at an ideal blackbody surfaqg). Thus, the opening in the cavity
20 °C (68 °F) is considered a blackbody surface, though such a surface does

not exist in reality.
X1.3.6.3 Some practical “blackbodies” may have lower
D, emissivities than that of the recommended blackbody of Annex
Aceres X12) a1 (often, they are called “graybodies”). In such cases,
laboratory error measured according to 6.1 will appear too

To=~/Ti+

where: T, represents the calculated temperature. high

X1.3.4 The calculation requires an accurate detection of two Xi.3.6.4 Therefore, in reality all “blackbodies” do not have
independent variables, the surface temperafycf the sensor  the same emissivity. When an IR thermometer’s laboratory
(or reference target) and the net infrared fiby between the  accuracy is verified according to 6.1 using a blackbody whose
sensor and subject. emissivity €,,) is different than that of the blackbody originally

X1.3.5 It follows from the above that, in general terms, anyused to calibrate the device.f, an emissivity error &) is
noncontact IR thermometer must contain at least four essentiaitroduced. The error in temperature measurement by an IR
components: an IR sensor to measure that net thermal radiatithhermometer as function of ambient and subject’s temperatures
flux @, a reference contact sensor to measure the temperatufg and T,, (in Kelvin) respectively, may be expressed by the
T,, an optical component to define the optical coefficient A, andfollowing equation:

the computational means to calculate the subject’'s temperature e
T, (Fig. X1.2). 3. =Ty — A /a‘:(Tﬁ—Tg) +T4 (X1.3)

X1.3.5.1 In practice, the essential elements of the measure-

i " h fi i d additi i X1.3.6.5 The equation suggests that emissivity error grows
ment system may have many configurations and adaitions "9 ey when ambient temperature approaches that of a subject

enh_ance accuracy ?”d add features required for use of ﬂb‘? when emissivity of a blackbody matches that of the subject.
device. These may include the IR flux choppers or shuttersE rors calculated for the object temperature of 37 °C are
protective probe covers, reference targets, etc. Regardless .

e X . : fllistrated in Fig. X1.3. Wherg< €, the IR thermometer
any practical implementation, the ultimate technical goal of thereading will be too low and will need to be readjusted upward
instrument is an accurate assessment of the subject’s surf

agl‘écording to Eq X1.3 and Fig. X1.3 before accuracy can be
temperaturel, adequately assessed. Conversely, wherre,, the IR ther-
X1.3.6 Emissivity mometer readings will be too high and will need to be
X1.3.6.1 Emissivity is an indicator of how well an object readjusted downwards.
emits electromagnetic radiation from its surface. Itis expressed X1.3.6.6 Example—An IR thermometer previously cali-
using a dimensionless scale which ranges from 0 to 1.0. Abrated with blackbody having emissivity of,=0.995 (as
ideal “blackbody” has an emissivity of 1.0 and, by definition, measured in comparison with the standard blackbody described
is a perfect emitter. In reality, objects are never this efficientin Annex Al) is used at ambient temperaturetgf25 °C to
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06 ; ; Tympanic
‘ ‘ Membrane

0.4

0.2

(99.1 °F)

-04

0.6
15 19 23 27 3 35 39 Ear Canal Walls

Ambient Temperature °C Note 1—Numbers exemplify temperatures on the surface of the ear

canal walls. Tympanic temperatutg= 37.3 °C. The average of all
ratios ofeJey, temperatures over the ear canal surface within the field of view represents

FIG. X1.3 Error in Temperature Measurement by an IR temperature of the ear _ca_rt@j, . .
Thermometer Calibrated with Blackbody (Emissivity €,) when FIG. X1.4 Ear Canal Within a Field View of an Ear Thermometer
Used with an Object Having Emissivity €,

Note 1—Calculated for object’'s temperature of 37 °C, for various

measure temperature of a blackbody settatF37 °C and cedures and in intensive care units, temperatures frequently are
having emissivity ofe,=0.985 (emissivity ratice,/e,=1.01). ~measured in the pulmonary artery (PA), distal esophagus,
The IR thermometer displayed temperature of 36.8 °C. Accordurinary bladder, or on the tympanic membrane, that are
ing to Eq X1.3 and Fig. X1.3, the reading shall be corrected forecognized core temperature sites.
the emissivity error of —0.11 °C by subtracting that number X1.4.1.4 Due to physiological and practical limitations,
from the displayed temperature. That is, the corrected readingnly the auditory (ear) canal, including the tympanic mem-
shall be 36.8 (-0.11) = 36.91 °C. After rounding for 0.1° brane is suitable for routine noncontact infrared (IR) detection.
resolution, the corrected value of reading is 36.9 °C whichThe auditory canal is a nearly ideal cavity for IR body
indicates that the IR thermometer under test reads blackbodgmperature measurement. It is not affected by respiration,
temperature lower by 0.1°, not by 0.2 °C as it would appeagating, drinking, or smoking. Anatomically, the canal is a
from the uncorrected display. slightly curved tube about 3.5 cm (1.4 in.) long in an adult. It
is limited inside by the tympanic membrane. The canal is
X1.4 Medical Background-The ultimate medical goal of a well-insulated from the exterior and is located in close prox-
body temperature measurement is the accurate determinatigfiity to major brain arteries and veins. It ends only about 3.5
of core body temperature. This is temperature close to that &fm (1.4 in.) from the hypothalamus, which is the body thermal
the blood in the body’s vital organs, such as the brain and hearfegulation center.
As the next best thing to the core temperature measurement,x1 4.1.5 Tympanic temperature is a recognized measure of
temperatures may taken from a body interior or body cavitysgre temperaturé4,5,6) and the tympanic membrane is con-
which represents core temperature with acceptable accuracyidered a temperature core site. Ear canal temperature as
X1.4.1 Measurement Sites measured by an IR thermometer is relatively close to that of the
X1.4.1.1 Medical infrared thermometry has two distincttympanic membrane and is not significantly influenced by local
types of measurements: body temperature measurement aimflammations (the observed effect of otitis media was an
skin surface temperature measurement. increase of about 0.17) or a moderate amount of ear wax (the
X1.4.1.2 Skin temperature measurements have specific apbserved effect when cerumen occludes the ear canal was
plications in determining surface temperature of a human bodyetween 0.1 and 0.3 °(8,9). The interior portion of the ear
That temperature greatly depends on both the skin bloodanal quickly reflects dynamic changes in core temperature.
perfusion and environmental conditions. Therefore, skin tem- X1.4.1.6 It should be recognized, however, that tympanic
perature can not be independently correlated with the interndémperaturet() is somewhat different than average ear canal
body temperature. temperaturet(). Temperature inside the ear canal generally is
X1.4.1.3 Body temperatures traditionally have been mearnot uniform (Fig. X1.4) and may vary substantially from the
sured by contact thermometers in the oral, rectal, or axillarynear ambient on the surface of the auricle to a value approxi-
sites. These sites, however, were choices of convenience, ratheating the core t{,"t;) on the surface of the tympanic
than of correctness. They often do not represent core bodyembrane.
temperature with required fidelity. Thus, during surgical pro- X1.4.2 Reference Sites

10
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FIG. X1.6 Instrumentational Offset Specific for a Type or Model of
Note 1—Arrows point toward warmer sites. an IR Thermometer

FIG. X1.5 Physiological Offsets

i i ) display modes are available, the clinical accuracy of the IR
X1.4.2.1 In contrast to industrial types of infrared thermom-i,armometer should be also evaluated while using the corre-

eters whose performance can be fully evaluated with a stansponding body sites for measuring reference temperatures.
dardized thermal radiation source (a blackbody), accuracy of ha¢ is; for the oral adjusted mode, the reference thermometer
medical infrared noncontact thermometer should, in additiongpa|| pe placed in the either sublingual pocket of the subject

be assessed under real conditions involving temperature Megg for the rectal adjusted mode, the reference probe shall be
surements of patients. This demands use of a reference contagt a4 in the subject’s rectum.

temperature probe placed inside the patient's body. Preferably, x1 4 2 5 This specification classifies all IR thermometers

such a reference probe should be placed into a body site thaf, (o types, depending on the measurements site: ear canal
has a recognized core or near-core body temperature, such &Pe and skin type. In turn, the ear canal (or ear, for short) IR
the pulmonary artery, distal esophagus, urinary bladder, ofermometers may have one or more operating (display)
tympanic membrane. Alternatively, reference temperatureg,oges. These modes allow to output temperature readings
may be obtained from such traditional temperature measurgyhose numerical values are adjusted to represent specific, for

ment sites as oral cavity or rectum. _ a given mode, body site temperatures. For example, “oral
X1.4.2.2 Core body temperature is generally considered tg,,qe” puts on a display not the ear canal temperature, but

be the temperature of the blood in the heart and the Bidn  ather an adjusted temperature which is an estimate of a
However, “core” is more a concept than a practical body sitegyiecr's sublingual temperature. To arrive to such an estimate,
In the same patient, temperatures measured from differenf gpecific offset (see below) was derived by a manufacturer by

“core” areas may vary noticeably. Probably the temperature of s mparing the ear canal and a reference body site (in the above
the blood perfusing the pre-optic region of the hypothalamu%xamme, the oral sublingual) temperatures.
should be considered the body’s ultimate core temperature. y1 4 3 Offsets

Unfortunately, the hypothalamus is not easily accessible for y1 431 Physiological Site OffsetTraditional body sites

temperature measurement. Hence, pulmonary artery, distgla; are routinely used by medical professionals and the general
esophageal, urinary bladder, tympanic, or even rectal tempergy pjic 1o assess human temperatures provide readings that are
tured are often used for a thermal definition of core, with different from core temperatures. A body site temperatyre

E)lulI;nonary artery temperature considered the “gold standardior instance, oral or rectal) may be either lower or higher than

. ) . temperaturg, measured from the core. For example, typical
X1.4.2.3 To obtain a core temperature, insertion of anya| temperatures average 0.4 °C and axillary temperatures

invasive catheter is required. Often, this may not be justifiethy 7 |ower than simultaneously measured puimonary artery
outside of operating rooms or critical care units. Tympan'ct_emperature(12,l3) The temperature difference between the

contact temperature_measurements are considered less invas(l:\fﬁe and another selected body site is called the physiological
and whenever possible should be used for the core referenggeq offset(14,15)(see Fig. X1.5):

purpose.

X1.4.2.4 An IR thermometer should have at least one b =t —% (X1.4)
adjusted mode in which temperature is displayed by adjusting where: t, represents rectat,,, oral t,,, or axillary t,,
the direct measurement from the ear canal with respect to #®mperatures taken by contact equilibrium thermom@tensl
selected reference core or non-core body site. Some Ithe respective physiological offsets arg, W, and .
thermometers may have more than one mode which are X1.4.3.2 A physiological site offset is specific for a subject
adjusted to different body sites. For instance, mdtlds  under certain conditions. It may depend on age and size of the
adjusted to core, mode adjusted to oral, etc., Whenever thesesubject, ailments, physical activities, and many other factors,

7 At least in adults, rectal temperatures may lag behind the rapid changes in core © Contact predictive thermometers are not recommended for the purpose of
temperaturg10). evaluating physiological offsets, as they are generally less accurate.

11
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but does not depend on the instruments employed for tempera-X1.4.3.11 It should be clearly recognized that value pfst

ture measurements. In spite of its variability, it is possible toa temperature of the ear canal averaged (integrated) over both
define the physiological offset for a limited population of its surface area within the IR thermometer field of view (Fig.
subjects by averaging the individual physiological offsets:  X1.4) and over the selected population of subjects. Unadjusted
ear canal temperaturg. is measured by a noncontact IR

b =l-b (X1.5) thermometer. Contrary, the value Bfrepresents the tempera-
from a selected group of subjects: ture averaged over a group of subjects whose temperatures
t. = average core temperature were measured by contact probes placed into the selected body

sites.
f, = average body site temperature X1.4.3.12 The combined site offsets could be added to the

X1.4.3.3 When temperatures are measured from the recognadjusted ear canal temperattyeof a subject to display, the
nized core sites (pulmonary artery, distal esophagus, urinargstimated body site temperaturigssuch as oral or rectal.
bladder, or tympanic membrane) the physiological offset is X1.4.3.13 Fig. X1.7 shows the relationship between the

equa| to zero by definition (See Eq X15)' since in this d:_gse phySiO'OgiC&', instrumentational, and combined site Offsets,
=1.. where the reference temperature is the core tempertiture

X1.4.3.4 Instrumentational Offset-A signal detected by an MOSt cases, unadjusted temperattyeof the ear canal, as
IR sensor depends not only on its own and the subject's trufeasured by an IR thermometer, is lower than that of the core

temperatures, but also on size and shape of the probe, its field [N the diagram, arrows point toward warmer sites.
of view, ambient temperature, and operator technique. As a X1.4.3.14 Core temperature can be estimated and displayed

result, IR thermometers of different types or models mayby an IR thermometer by adding the instrumentational offset to

register different temperatures when measuring IR radiatiof!® €ar canal temperature reading. The noncore body sites, such
from the same ear. as oral, rectal, or axillary, would require use of the combined

site offsets.

X1.4.3.5 The difference between core temperature regis- I . :
tered by a contact thermometer and temperature registered %{Xl'4'3'15 Determination of the internal body temperature is
e

an IR ear canal thermometer in an unadjusted mode is call € ultimate goal of medical thermometry, in displaying the

the instrumentational offset (Fig. X1.6). The ear canal temperat_emperature. Therefore, the IR thermometer manufacturers

ture is integrated over the field of view of a particular IR should use the appropriate offsets specific for particular IR

thermometer (Fig. X1.4). Contrary to a physiological offset, thegqsrrlgoir:etsrnsag% dstg?j“:g: igﬁa?rt?e l;[qasé;rzsrzhould refrain from
value of the instrumentational offset directly relates to the playing ) P —
X1.4.3.16 For example, under normal conditions, an ear

design of the optical probe and shape of the auditory canals of nal type IR thermometer outputs temperature that is adjusted

a selected group of patients used to determine the offset. T )
instrumentational offset is specific for the type or model of ar?cgl I?ﬁ;:ggqfﬁi?n;foglgh;g('jsiﬁgy?gr iﬁ??ﬁéﬁg{% Cnigabsire-

IR thermometer but also may depend on the size of a patierﬁ:ta .
(16,17)and other factors. For this reason, the instrumentationdl "

offset should be verified separately for different age groups. tom = Tec * Hsm (X1.8)
X1.4.3.6 The instrumentational offset is defined as: X1.4.3.17 Any ear canal type IR thermometer that is not
b = L . (X1.6) capable of measuring and displaying true tympanic tempera-

_ ture, t,,, should not be called a “tympanic thermometer.” A
where,.is the average ear canal temperature of the selectagiore appropriate name is an “infrared ear thermometer.”
group of subjects. X1.4.3.18 Skin Temperature MeasuremerBkin tempera-
X1.4.3.7 Because the instrumentational offset depends oture measurement technically is similar to that from the ear
IR thermometer design and, therefore, is model-specific, eactanal, but with two significant differences. The first is that the
manufacturer should establish the specific instrumentationakin emissivity may vary from site to site in the range from
offset for its IR thermometer and, if required, make it selectabled.94 to 0.9918), while emissivity of an auditory canal may be

for different age groups. considered equal to uniil4). The other difference is the field
X1.4.3.8 The instrumentational offset to some extent mayf view, that in some thermometers may be quite wide. To
be controlled by a proper design. prevent spurious readings, the instrument design should ensure

that infrared radiation is collected from a limited specified area
of the skin surface, avoiding any stray thermal radiation from
peighboring tissues and objects having different surface tem-
eratures. Thus, contrary to an IR ear thermometer, an IR
thermometer for skin measurements should have means to
compensate for skin emissivity and for defining the area of
easurement.
' X1.4.3.19 Probe Covers-Because a medical IR thermom-
%Yer is used in direct contact with patient tissues, it is
imperative to protect the instrument from becoming a carrier of
Hs = Hg — Hy =1, —to (X1.7)  soiling compounds and a transmitter of infection from one

X1.4.3.9 Combined Site OffsetWhen measuring tempera-
ture by an IR thermometer one usually deals with two
offsets—physiological and instrumentational, where the forme
relates to the subject of measurement and the latter to t
instrument and its interface with the subject.

X1.4.3.10 The combined site offset can be defined as
combination of the instrumentational and physiological offsets
or the difference between the average temperatures of a bo
sitef, and the ear candl;

12
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FIG. X1.7 Combined Site Offset is a Scalar Difference Between Instrumentational and Physiological Offsets

patient to another (cross-contamination) or even from refig. X1.2). This demands that covers be produced with
infecting the same patient (recontamination). Thus, any part dblerances that allow meeting these specifications by an entire
a thermometer that may come into contact with patient tissuesystem, which includes both the IR thermometer and the probe
shall be either protected by a cover or easily cleanable. Angover. Evaluation of an IR thermometer accuracy always shall
disposable or reusable protective cover placed over the optiche made with a probe cover in place (if applicable). A new
probe becomes an attenuator of the net infrared signal angyobe cover shall be used for each temperature measurement
therefore, may alter the temperature reading. In effect, thavith devices whenever such covers are labeled or implied as
probe cover becomes a part of the measurement system (sdisposable.

X2. ACCURACY EXPLANATIONS

X2.1 General Notes generally differ somewhat from other similar covers used in

X2.1.1 In general terms, accuracy may be defined as thBrevious measurements.
ability of an IR thermometer to give a response close to the true X2.1.3 The statistical methodology employed in this speci-
temperature of the object of measurement. The true temperéieation contends with the fact that the distributions of either
ture shall be measured at a specific location by a referendaboratory error or clinical bias are generally non-symmetrical.
contact thermometer. Under laboratory conditions, the truerhe location of a symmetrical distribution is well defined since
temperature is referred to as that of a blackbody. Whilehe mean value equals the median and equals the center of
measuring temperature from a patient, the true temperature gg,mmetry_ This is not the case for a non-symmetrical
referred to as that of the interior of the human body. distribution—the mean and median are different and there is no

X2.1.2 Performance of an IR thermometer may depend ORenter of symmetry. Therefore, the statistical methodology

its coupling with the measured site. Therefore, this specificaémp|oyed by this specification addresses these concerns.
tion addresses two types of accuracy, laboratory and clinical.

Accuracies are specified in terms of laboratory error and
clinical errors for an entire measurement system that generally
may include an infrared thermometer and a probe cover. The X2.2.1 Laboratory error shows how much the system’s
probe covers may be either reusable or disposable. That igternal noise, drifts, and manufacturing tolerances, along with
every time a temperature is measured, the system may incluaggher uncertainties in temperature measurement, may affect
a new probe cover, whose optical and thermal propertiesloseness between the measured temperature and that of a

X2.2 Laboratory Error.
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blackbody when an IR thermometer operates under variouthermometer shall be performed to evaluate its compliance
conditions of ambient temperature and humidity. with the requirements for the laboratory error.
X2.2.2 ,By taklng S'X, measuremgnts, in each of three blac.k- Note X2.2—Numbers in the example are provided for the purpose of
body settings, at five different ambient temperature and humidpystration only and do not represent any particular IR thermometer.
ity combinations (see 6.1), a total of 90 error measurements are
accumulated. From a statistical viewpoint, it is desirable to X2.3 Clinical Accuracy
obtain a level of confidence that future measurements will yield 5 3 1 clinical Accuracy Explanations
similar results. A one-sided, distribution-free confidence inter-

val is examined durm'ghthe Ia}bolratory testing. A sample-size d‘?{urer determines two kinds of errors that represent clinical
90 measurements, with no single measurement error exceedig ., racy- clinical bias with stated uncertainty, and clinical

theoallowable limit, provides a_confldence of 99 % that at l.eas.f'epeatability. These characteristics may be evaluated from the
95 % of all measurements will meet the acceptance Criterigyme ata set: multiple measurements of ear temperatures and
(Table A.18 in Ref(19). ) ) actual reference temperature on a selected number of febrile

X2.2.3 The laboratory tests are performed in all displayanq afebrile subjects in all applicable age groups. Use of power
modes and readings are modified to obtain values of unadjusteghaysis and random sampling are recommended to ensure that
temperatures. It is the responsibility of the mqnufacturer '3he number of subjects in each group is sufficiently large to
provide on request the method of such a modification. minimize the effects of random components of the measure-

X2.2.3.1 Example—The ear type IR thermometer under test ment error. For example, paragraph 19.3 on Bias in Practice
is evaluated in oral mode. A manufacturer, in the servicee 177 recommends 30 or more test subjects.
manual, specifies that for given conditions of ambient tempera- x2.3.1.2 As a guideline, this specification recommends
ture and humidity the combined site oral offsg{F0.55 °C. A division of all subjects into three age groups, nameli) (
manufacturer supplied blackbody is used for the evaluation. lfzfants—newborn to one year2)(children—greater than one
is the same type of a blackbody which was used for calibratior five years; and3) adults—greater than five years old.
of the IR thermometer under test. Hence, no correction for the x2 3.2 Clinical Bias and its Uncertainty
blackbody emissivity is required. X2.3.2.1 Clinical bias (" specifies an average (mean)

X2.2.3.2 When the temperature of a blackbody hatiag=  difference between temperatures as measured by the ear canal
37.03 °C is measured, the IR thermometer's display in ora|R thermometer under test operating in all adjusted modes and
mode with a particular probe cover attached shaws 37.7  temperatures of subjects, from a selected group, as measured
°C. The unadjusted value of the measured temperature may I contact thermometers positioned in a selected body refer-
calculated as: ence site. Clinical bias is the systematic distortion of a
fj = ty— Hym= 37.70-0.55= 37.15°C (x2.1)  statistical resul(20).

Then, according to Eq 1 in 6.1.4.4, that particular measurement X2.3.2.2 Ilt should be clegrldy L!gdelrSt?O.d t??)t. chmcalbblgs 'Z
was made with an error: a mean value of a set of individual clinical biases obtaine
from a representative group of patients. As opposed to labora-
8 = I —tgg =137.15-37.08= 0.12°C tory error that is a maximum deviation of readings, clinical bias

X2.2.3.3 To calculate laboratory error, a minimum of six iS an average value of individual errors.
such measurements shall be performed at each of five condi-X2.3.2.3 The clinical bias for each display mode defines
tions of ambient temperature and humidity (see Table 1). Thugloseness between the measured temperature and that of the
at each blackbody temperature setting, at least 30 errors mugference body site for a specified age group of patients. Itis a
be obtained for all combinations of operating temperature angneasure of the validity of the instrumentational or combined
humidity. offsets, or both, built into the IR thermometer. The value of

clinical bias should be accompanied by a statement of uncer-

Note X2.1—Each environmental condition may require use of atainty, which has a meaning of one standard deviation and
specific combined site offsety if so specified by the manufacturer. generally is calculated as root-sum-of-squares (RSS) of stan-

X2.2.3.4 The highest value &f from the error set shall be dard deviation of data and other uncertainty components.
selected and used as a measure of laboratory error at thAtceptable methods of evaluation of uncertainty are described
particular blackbody setting. elsewherg21,22)

X2.2.3.5 In this example, for a blackbody setting near 37 X2.3.2.4 To evaluate clinical bias, at least two measure-
°C, a total of 30 measurements have been made at all fiv@ents should be taken from each subject in a test group. One
required combinations of operating temperatures and humidreading should be taken from an ear canal by an IR ear
ties and the highest value of an error was foulg,, = thermometer under test, and the other should be taken by a
I-0.17°C=0.17 °C. Therefore, the IR thermometer under testeference contact thermometer.
meets part of the requirement of 5.3 since that paragraph X2.3.2.5 To determine clinical bias () a mean value of
specifies that for a blackbody in the range of 37 °C, the highestar-to-reference differences for all subjects in the test group
permissible error shall be no more than 0.2 °C. The test shafihould be calculated.
be performed for two other blackbody settings: near 35 °C and X2.3.3 Clinical Repeatability
near 41 ° C, at which the highest permissible error is 0.3 °C. X2.3.3.1 Clinical repeatability shows how consistently an
Therefore, a total of at least 90 measurements with an IRar canal IR thermometer measures temperature from the same

X2.3.1.1 This specification recommends that a manufac-
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patient when used by the same operator. The repeatability teStue temperature of water should be monitored with an

requires taking several readings from the same patient undencertainty no greater thart 0.03 °C ( 0.05 °F) by an

the same conditions and comparing these readings with eadmmersed contact thermometer with calibration traceable to a

other. This standard requires that three readings are taken. Wational physical standard of temperature. Laboratory accuracy

reasonable pause between measurements may be requifdan IR thermometer under test should be verified in a

because placement of the IR probe into an ear canal may affeatater-immersed blackbody (see Annex Al) or in the manufac-

the ear canal surface temperature. A low thermal conductivityurer recommended blackbody if such a blackbody was used

of skin prevents a fast surface rewarming. A too short intervafor the device calibration. During data processing, the clinical

between the measurements may compromise the measurddta should be corrected for calibration inaccuracy, if any, of

value of clinical repeatability. The highest possible rate ofthe IR or reference thermometers, or both.

taking temperatures from an ear canal should be recommendedX2.3.4.4 The tests should be performed separately on the

by the manufacturer. age groups of subjects that are considered as prospective
X2.3.3.2 It is recognized that small variations in ear canalsubjects whose temperature would be measured by the IR ear

temperature may occur naturally during the time of the testthermometer. Sufficient number of both febrile and afebrile

These variations should be considered as part of clinicaubjects should be tested.

repeatability. o o . Note X2.3—For the purpose of these tests, fever is defined as core
X2.3.3.3 For the purpose of determining clinical repeatabiltemperature of 38.0 °C (100.4 °F) or higher.

ity, three sequential IR readings should be taken in the same ear - -

of each subject by the same operator. to determine clinical X2.3.4.5 1t should be noted that values characterizing clini-

repeatability s, three temperature deviatior3; for each cal accuracy are functions of both the IR and reference
subject should be calculated: temperatures and may be significantly affected by stability of

the reference temperature measurement. Clinical studies have

Dyj =ty — ey (X22) " shown that although the mean offset or clinical bias may be
Dy = teg —teg; correct for a given thermometer, readings which differ from the
Dy = tey —teg reference by more than 1 °C may ex{&3). This may be

caused by physiological factors, such as lagging of the rectal
rC(-ieference site (if that site is used as a reference) behind the true
core temperature, rather than inaccuracies in the IR thermom-
eter. Other studies also exist that question the accuracy of IR
thermometers of various bran{z4, 25)
X2.3.4.6 Example for Clinical Bias-An IR thermometer
was tested with subjects of various ages. The operating mode
N, was labeled by a manufacturer as adjusted to core temperature,
;1 (D3 + D3 + Dy The manufacturer specified in the instruction manual that its IR
S = 6N thermometer can be used on all subjects regardless of age.
where the value of, is the measure of clinical repeatability. ~ <2-3-4.7 For the purpose of evaluation of clinical bias, all
) . subjects were divided into three age groups: from zero to one
X2.3.3.5 Three readings from the same ear are required 9.4 of age (infants), older than one to five (children), and older
calculate three temperature deviatioBg. Since the total ihan five (adults).
number of subjects in a group léthe entire data set includes w5 3 4.8 Subijects with certain characteristics were excluded
n = 3N measurements. These numbers represent consistencyfy, the test: external ear inflammation, auditory canal ob-
multiple readings with respect to one another, regardless of thg,ction (anatomic or foreign material), use of medications
actual temperatures of subjects or the display mode of the Iignq\n to affect body temperature (for example, antipyretics,
thermometer. The measure of the clinical repeatability is thearpityrates, thyroid preparations, antipsychotics, etc.) within 3
pooled standard deviation of thesewmbers. h of the test, or immunization within seven days of the test.
X2.3.4 Example of Tests for Clinical Accuracy X2.3.4.9 The test was performed at ambient temperatures
X2.3.4.1 Two types of thermometers are used in the tests: afithin the range of 20 to 28 °C (68 to 82 °F) and the relative
IR thermometer (the device under test) and a contact refel’el”lq&ﬁlmidity from 40 to 70 %. Reference temperatures were taken
thermometer of electronic type adapted for measuring tempergy a contact tympanic probe positioned on the left tympanum
ture from a selected reference site—pulmonary artery, distadf an anesthetized subject. The IR reading were taken of the
esophagus, urinary bladder, or tympanic membrane for core, @ight ear canal by the IR ear thermometer under test. Within
rectal and oral thermometers for the non-core body sites. each age group both afebrile and febrile subjects (tympanic
X2.3.4.2 The method of taking temperatures with both IRtemperature of 38 °C or higher) were represented by nearly
and reference thermometers shall be in full compliance wittequal numbers (see Table X2.1).
the recommendation of their respective manufacturers. X2.3.4.10 Uncertainty of bias was estimated as RSS of a
X2.3.4.3 Before or after the tests, laboratory accuracy of thetandard deviation of IR measurements and anticipated uncer-
reference thermometer should be verified in a stirred watetainties in calibration of the reference and IR thermometers.
bath. The water bath should have a volume of 1 L (1 qgt) orEvaluation ofx, for Group | indicates that clinical bias is equal
greater and temperature stability within0.02 °C & 0.04 °F).  to —0.25 ° C with uncertainty of+ 0.35 °C which is indicative

where:tg;; top, andtey are the first, second, and third IR
temperature readings from the same ear canal of a subje
numbered.

X2.3.3.4 The following formula should be used to calculate
the pooled standard deviatios of all D; for all N tested
subjects:

(X2.3)
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TABLE X2.1 Examples of Comparative Temperature Measurements by IR ( t,;) and Reference ( t.;) Thermometers of Subjects of Three

Age Groups
Note 1—The difference between ear and reference reading$.is
Group | (Infants) Group Il (Children) Group Il (Adults)
J tel tc/ A t] J tel t(:j A tj ] [el tc] A t/
1 37.4 37.65 -0.25 1 36.1 35.90 0.20 1 38.8 38.63 0.17
2 37.4 38.53 -1.13 2 37.3 37.45 -0.15 2 37.3 37.32 —-0.02
29 36.8 36.92 -0.12 29 37.1 37.51 -0.41 29 371 37.26 -0.16
30 36.9 36.64 0.26 30 38.1 38.04 0.06
. 31 37.9 38.05 —-0.15
N=30 C Xy —-0.25 N=31 L Xy -0.16 N=29 C Xq 0.11
L uncertainty + 0.35 L L uncertainty +0.18 S S uncertainty +0.21

of a wide range for difference between the IR thermometer X2.3.4.12 Example for Clinical Repeatability-In Group I
reading and reference temperature. Although this specificatiofof example X2.3.4.2), three ear canal temperatures taken from
does not set limits for clinical bias, the wide uncertainty rangea subject number j by an ear type IR thermometer resulted in
for the bias appears excessively large, indicating that the IRhe following readings:

thermometer under test may not be sufficiently accurate for use te1j= 38.7 °C,tep = 38.5 °C,te5= 38.6 °C

on infants since errors in temperature measurements may bex» 34.13 The corresponding temperature deviations are
clinically significant. Therefore, the instrument should becgjculated according to Eq X2.3.

appropriately labeled to restrict its use with such subjects. D,; = 38.5-38.7 = -0.2
X2.3.4.11 Clinical biases and uncertainties for Groups Il Dzl' =38.6-385=0.1
and Il are sufficiently small which is an indication that the IR D3; =387-386=0.1

thermometer under test can be used reliably with these agerors from allN=31 subjects of the test group were used in the

groups. calculation of clinical repeatability according to Eq X2.3 and
Note X2.4—Numbers in the example are provided for the purpose ofProduced value o§=0.15, that may be considered reasonably

illustration only and do not represent any particular IR thermometer.  small and not to pose a problem for diagnostic purposes.
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