
(19) United States 
USO0RE40470E 

(12) Reissued Patent (10) Patent Number: US RE40,470 E 
Fitzpatrick et al. (45) Date of Reissued Patent: Aug. 26, 2008 

(54) BODY FUNCTION MEASURING APPARATUS (58) Field of Classi?cation Search ................ .. 600/300, 

(75) Inventors: Joseph F. Fitzpatrick, Warminster, PA 
(US); Anthony C. Romano, 
Coopersburg, PA (US); John H. 
Richards, Warrington, PA (US); Ronald 
S. Kolarovic, Cinnaminson, NJ (US) 

(73) Assignee: Draeger Medical Systems, Inc., 
Telford, PA (US) 

(21) Appl.No.: 09/539,096 
(22) Filed: Mar. 30, 2000 

Related US. Patent Documents 
Reissue of: 
(64) Patent No.: 5,732,711 

Issued: Mar. 31, 1998 
Appl. No.: 08/703,794 
Filed: Aug. 27, 1996 

(51) Int. Cl. 
A61B 5/00 (2006.01) 
A61B 5/05 (2006.01) 
A61B 5/04 (2006.01) 
A61B 6/00 (2006.01) 
A61B 5/02 (2006.01) 
A61B 5/08 (2006.01) 
A61B 5/103 (2006.01) 
A61B 5/117 (2006.01) 
A61B 19/00 (2006.01) 
G01K 17/00 (2006.01) 
G01K 3/00 (2006.01) 
G01N 25/20 (2006.01) 
A61N 1/00 (2006.01) 

(52) US. Cl. ...................... .. 600/549; 600/300; 600/301; 

600/306; 600/307; 600/316; 600/329; 600/346; 
600/347; 600/372; 600/384; 600/393; 600/474; 
600/481; 600/506; 600/509; 600/529; 600/537; 
600/544; 600/546; 600/547; 600/587; 600/595; 

374/29; 374/43; 374/110; 374/112; 128/897; 
128/898; 607/29 

17 

l v / 

Jé 
, 

600/474, 301, 481, 306, 500, 307, 506, 316, 
600/509, 329, 529, 346, 537, 347, 544, 372, 
600/546, 384, 547, 393, 549, 587, 22, 595; 
374/29, 43, 110, 112; 128/897, 898; 607/29 

See application ?le for complete search history. 

(56) References Cited 

U.S. PATENT DOCUMENTS 

2,553,603 A * 5/1951 Peters 
4,295,475 A * 10/1981 TorZala 
4,331,161 A * 5/1982 Patel 
4,399,824 A * 8/1983 Davidson 
4,586,149 A * 4/1986 Stillman et al. ........... .. 700/300 

5,080,106 A * 1/1992 Sekiiet al. 
5,176,704 A * 1/1993 Berndt ..................... .. 128/736 

5,385,529 A * 1/1995 Koch .... .. . 600/22 

5,392,031 A * 2/1995 Toriumiet al. 
5,415,618 A * 5/1995 Koch 
5,442,157 A * 8/1995 Jackson 
5,450,066 A * 9/1995 Brighenti et al. 
5,452,725 A * 9/1995 Martenson 
5,542,421 A * 8/1996 Erdman .................... .. 128/633 

* cited by examiner 

Primary ExamineriMax Hindenburg 
Assistant Examinerileffrey G Hoekstra 
(74) Attorney, Agent, or FirmiCaesar, Rivise, Bernstein, 
Cohen & PokotiloW, Ltd. 

(57) ABSTRACT 

Body function measuring apparatus Which provides: (1) an 
indication of the body function being measured, and (2) a 
loose probe condition by determining that the difference 
between the rate of change of a ?rst body function signal, 
developed by a ?rst sensor in the probe, and the rate of 
change of a second body function signal, developed by a 
second sensor in the probe, exceeds a predetermined thresh 
old. 

14 Claims, 3 Drawing Sheets 
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BODY FUNCTION MEASURING APPARATUS 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions 
made by reissue. 

TECHNICAL FIELD 

The present invention relates, in general, to the measure 
ment of body functions with sensors in contact with the skin 
of a human being and, in particular, to a unit which, in addi 
tion to measuring a body function, provides an indication 
when the sensor in contact with the skin becomes dislodged 
from the skin. Although the present invention will be 
described in connection with skin temperature measurement, 
it will be apparent that the present invention has broader 
application. 

BACKGROUND OF THE INVENTION 

Many probes are in use today to measure or monitor a 
function of the body with which the probe is in contact or to 
control or in?uence a body state or condition. For example, a 
signal representative of the skin temperature of an infant in 
an incubator can be used to display the of the infant and can 
be used to control the incubator heater to regulate the ther 
mal environment of the incubator. In such an application, it 
is important that intimate contact between the skin and the 
probe contact surface which carries the temperature sensor 
be established and maintained. Should the probe become 
dislodged, resulting in a total or partial loss of contact, the 
temperature indication will be incorrect and the control of 
the incubator heater will be other than what is desired, quite 
possibly leading to dangerous consequences. 
Many loose probe indicators have been suggested or put 

into actual use. Some are based on using the signals repre 
sentative of the body function being measured to detect a 
loose probe condition. Others are based on directly measur 
ing some characteristic of the contact, such as impedance, 
which changes as the contact changes. Yet others incorporate 
in the probe special sensors, for example optical sensors, 
which detect changes in the position of the probe relative to 
the [skim] skin. Generally, the operation and reliability of the 
prior art loose probe indicators have not been suf?ciently 
satisfactory. 

SUMMARY OF THE INVENTION 

Body function measuring apparatus, constructed in accor 
dance with the present invention, includes a housing and ?rst 
and second identical sensors spaced apart in the housing and 
adapted for contact with generally the same area of skin for 
developing ?rst and second body function signals, respec 
tively. This skin temperature measuring apparatus also 
includes means responsive to the ?rst body function signal 
and the second body function signal for developing an indi 
cation of the body function at the skin with which the ?rst 
sensor and the second sensor are in contact and detecting a 
difference between the rate of change of the ?rst body func 
tion signal and the rate of change of the second body func 
tion signal which exceeds a predetermined threshold repre 
senting a difference in the proximity of the ?rst sensor to the 
skin and the proximity of the second sensor to the skin. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a bottom view of the sensor portion of body 
function measuring apparatus constructed in accordance 
with the present invention. 
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2 
FIG. 2 is a functional block diagram of the signal process 

ing portion of body function measuring apparatus con 
structed in accordance with the present invention. 

FIG. 3 is a circuit block diagram of the signal processing 
portion of body function measuring apparatus constructed in 
accordance with the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

Referring to FIG. 1, body function measuring apparatus, 
constructed in accordance with the present invention, 
includes a housing 10 and ?rst and second identical sensors 
12 and 14 spaced apart in the housing and adapted for con 
tact with generally the same area of skin for developing ?rst 
and second body function signals, respectively. When the 
body function measuring apparatus of the present invention 
is adapted for measuring body temperature, ?rst and second 
identical sensors 12 and 14 are identical thermistors. The 
?rst and second signals developed by sensors 12 and 14, 
respectively, are conducted by wires 15 and 16 to a connec 
tor 17 which is adapted for connection to a unit for display 
ing a reading of the body function being measured or to 
control apparatus for controlling the environment of an incu 
bator or both. From this point on, the present invention will 
be described as applied for skin temperature measurements, 
although, as indicated above, the present invention has 
broader application. 

Preferably, ?rst thermistor 12 and second thermistor 14 
are mounted on a ?exible substrate 18 which has ?rst and 
second lands 18a and 18b on which ?rst thermistor 12 and 
second thermistor 14, respectively, are mounted. A neck 16e 
extends between ?rst land 18a and second land 18b and has a 
width narrower than the width of the ?rst land and the sec 
ond land. 
The ?exibility of substrate 18 and its con?guration, 

namely the arrangement of neck 18c extending between ?rst 
land 18a and second land 18b, enhances the freedom of 
movement away from the skin of one or the other of ther 
mistors 12 and 14 when the particular thermistor is in partial, 
rather than full, contact with the skin. A condition of partial 
contact with the skin of either of the thermistors is likely to 
lead to incorrect temperature indications. By improving the 
chances of a partially loose thermistor to move further away 
from the skin, the relative proximities of the thermistors to 
the skin will lead to a quicker and more accurate indication 
of a loose probe condition. 

Skin temperature measuring apparatus, constructed in 
accordance with the present invention, also includes means 
responsive to the ?rst temperature signal developed by ther 
mistor 12 and the second temperature signal developed by 
thermistor 14 for developing an indication of the tempera 
ture of the skin with which the ?rst thermistor and the sec 
ond thermistor are in contact and detecting a difference 
between the rate of change of the ?rst temperature signal and 
the rate of change of the second temperature signal which 
exceeds a predetermined threshold representing a difference 
in the proximity of ?rst thermistor 12 to the skin and the 
proximity of second thermistor 14 to the skin. Referring to 
FIG. 2, which is a functional block diagram of the signal 
processing portion of skin temperature measuring apparatus 
constructed in accordance with the present invention, the 
?rst temperature signal T 1 is representative of the tempera 
ture of the skin with which the ?rst thermistor 12 and the 
second thermistor 14 are in contact and is provided as one 
output. 

Second temperature signal T2 is inverted by an inverter 
20. The ?rst temperature signal T1 and the inverted second 
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temperature signal T2 are differentiated by differentiating 
circuits 22 and 24, respectively, to develop signals represen 
tative of the rate of change of the ?rst temperature signal and 
the rate of change of the second temperature signal, respec 
tively. The differentiated ?rst temperature signal and the dif 
ferentiated second temperature signal are combined in a 
summing circuit 26 to develop, as a second output, a signal 
representative of the difference betWeen the rate of change of 
the ?rst temperature signal and the rate of change of the 
second temperature signal Which, if exceeding a predeter 
mined threshold, represents a difference in the proximity of 
?rst thermistor 12 to the skin and the proximity of second 
thermistor 14 to the skin. 

Skin temperature measuring apparatus, constructed in 
accordance With the present invention, preferably also 
includes means responsive to ?rst temperature signal T 1 and 
second temperature signal T2for detecting a difference 
betWeen the ?rst temperature signal and the second tempera 
ture signal Which exceeds a predetermined threshold repre 
senting a failure of one of ?rst thermistor 12 and second 
thermistor 14. As shoWn in FIG. 2, the inverted second tem 
perature signal T2 is combined With the ?rst temperature 
signal T1 in a summing circuit 28 to develop, as a third 
output, a signal representative of the difference betWeen ?rst 
temperature signal T 1 and second temperature signal T2. 

The functions described in connection With FIG. 2 can be 
implemented by either hardWare of softWare, each of Which 
are represented by the circuit block diagram of FIG. 3. First 
temperature signal T1, developed by ?rst thermistor 12, is 
supplied to a temperature indicator/controller 30 Which pro 
vides a visual indication of the temperature of the skin With 
Which thermistor 12 is in contact and also serves as a control 
of the temperature of the space Within an incubator hood. 

First temperature signal T 1 and second temperature signal 
T2, developed by second thermistor 14, are supplied to a 
differential circuit 32 Which develops a signal representative 
of the difference, if any, betWeen ?rst temperature signal T l 
and second temperature signal T2. If there is a and this dif 
ference exceeds a ?rst predetermined threshold “A”, for 
example ten degrees, indicative of a failure of either ?rst 
thermistor 12 or second thermistor 14, an output is devel 
oped on a line “Y” and an indication of this difference or 
failure is provided by a failure indicator 34. If there is a 
difference betWeen ?rst temperature signal T, and second 
temperature T2 and this difference is less than the ?rst prede 
termined threshold “A” but greater than a second predeter 
mined threshold “B”, an output is developed on a line “N” 
and the combination of a level sensing circuit 36 and a dif 
ferentiating circuit 38 develop a signal representative of the 
difference betWeen the rate of change of the ?rst temperature 
signal T l and the rate of change of the second temperature 
signal T2 Which, if exceeding a predetermined third thresh 
old “C”, represents a difference in the proximity of ?rst ther 
mistor 12 to the skin and the proximity of second thermistor 
14 to the skin, namely a loose probe condition. The loose 
probe condition is indicated by a loose probe indicator 40. 

It should be noted that, although a loose probe condition 
produces a difference betWeen in the ?rst temperature signal 
T1 and the second temperature signal T2, determining the 
difference betWeen the rate of change of the ?rst temperature 
signal T l and the rate of change of the second temperature 
signal T2 provides a more reliable indication of a loose probe 
condition. Certain effects, such as thermistors and other sen 
sors Wearing over time, produce a difference betWeen the 
?rst temperature signal T1 and the second temperature signal 
T2, so that a difference betWeen the ?rst temperature signal 
T1 and the second temperature signal T2 is not necessarily 
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4 
due to partial or complete probe dislodgement. Such effects, 
hoWever, Would not produce an appreciable, if any, differ 
ence betWeen the rate of change of the ?rst temperature sig 
nal T1 and the rate of change of the second temperature 
signal T2. In contrast, the difference betWeen the ?rst tem 
perature signal T1 and the second temperature signal T2, 
With a threshold for this difference set suf?ciently high, is 
useful for identifying a failure of [of] the thermistors Which 
Would cause a signi?cant difference betWeen the ?rst tem 
perature signal T1 and the second temperature signal T2. 

While there have been described preferred embodiments 
of the present invention, it should be obvious to those skilled 
in the art that various modi?cations and changes can be 
made Without departing from the true spirit and scope of the 
invention. 

What is claimed: 
1. Skin temperature measuring apparatus comprising: 

a housing; 

?rst and second [identical thermistors] temperature sen 
sors spaced apart in said housing but in proximity to 
each other and adapted for contact With generally the 
same area of skin for developing ?rst and second tem 
perature signals, respectively; [and] 

means responsive to said ?rst temperature signal and said 
second temperature signal for: 
(a) developing an indication of the temperature at the 

skin With Which said ?rst [thermistor] and said sec 
ond [thermistor] temperature sensors are in 
contact[,]; and 

(b) detecting a difference betWeen the rate of change of 
said ?rst temperature signal and the rate of change of 
said second temperature signal Which exceeds a pre 
determined threshold representing a difference in the 
proximity of said ?rst [thermistor] temperature sen 
sor to the skin and the proximity of said second [ther 
mistor] temperature sensor to the skin, and 

a ?exible substrate on which said first and said second 
temperature sensors are mounted. 

2. Skin temperature measuring apparatus according to 
claim 1 further including means responsive to said ?rst tem 
perature signal and second temperature signal for detecting a 
difference betWeen said ?rst temperature signal and said sec 
ond temperature signal Which exceeds a predetermined 
threshold representing a failure of one of said ?rst [ther 
mistor] and said second [thermistor] temperature sensors. 

[3. Skin temperature measuring apparatus according to 
claim 3 further including a ?exible substrate on Which said 
?rst thermistor and said second thermistor are mounted.] 

4. Skin temperature measuring apparatus according to 
claim [3] 1 Wherein said substrate has: 

(a) ?rst and second lands on Which said ?rst [thermistor] 
and said second [thermistor] temperature sensors, 
respectively, are mounted, and 

(b) a neck extending betWeen said ?rst land and said sec 
ond land and having a Width narroWer than the Width of 
said ?rst land and said second land. 

5. Body function measuring apparatus comprising: 
a housing; 

?rst and second [identical] sensors spaced apart in said 
housing but in proximity to each other and adapted for 
contact With generally the same area of skin for devel 
oping ?rst and second body function signals, respec 
tively; [and] 
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means responsive to said ?rst body function signal and 
said second body function signal for: 
(a) developing an indication of the body function at the 

skin With Which said ?rst sensor and said second 
sensor are in contact, and 

(b) detecting a difference betWeen the rate of change of 
said ?rst body function signal and the rate of change 
of said second body function signal Which exceeds a 
predetermined threshold representing a difference in 
the proximity of said ?rst sensor to the skin and the 
proximity of said second sensor to the skin; and 

?exible substrate on which said first sensor and said sec 
ond sensor are mounted. 

6. Body function measuring apparatus according to claim 
5 further including means responsive to said ?rst body func 
tion signal and said second body function signal for detect 
ing a difference betWeen said ?rst body function signal and 
said second body function signal Which exceeds a predeter 
mined threshold representing a failure of one of said ?rst 
sensor and said second sensor. 

[7. Body function measuring apparatus according to claim 
5 further including a ?exible substrate on Which said ?rst 
sensor and said second sensor are mounted] 

8. Body function measuring apparatus according to claim 
[7] 5 Wherein said substrate has: 

(a) ?rst and second lands on Which said ?rst sensor and 
said second sensor, respectively, are mounted, and 

(b) a neck extending betWeen said ?rst land and said sec 
ond land and having a Width narroWer than the Width of 
said ?rst land and said second land. 

9. A skin temperature measuring apparatus comprising: 
a housing; 

at least a first and second temperature sensor spaced 
apart in said housing, but in proximity to each other 
and adapted for contact with generally the same area of 
skin for developing first and second temperature 
signals, respectively, wherein the housing is provided 
with a ?exible substrate on which the at least first and 
second temperature sensors are mounted; 

a?rst indicator connected to one ofsaid at least?rst and 
second temperature sensors to indicate the temperature 
ofthe skin; and 

a second indicator connected to at least both ofsaid at 
least first and second temperature sensors to produce 

20 

25 

30 

35 

40 

6 
an output indicating an improper sensing of the skin 
temperature at that same area by at least one of the at 
least first and second temperature sensors. 

10. The skin temperature measuring apparatus of claim 9, 
wherein the second indicator produces an output when the 
temperatures sensed by the at least first and second tempera 
ture sensors difer by a threshold amount. 

1]. The skin temperature measuring apparatus of claim 
10 having a third indicator connected to said at least?rst 
and second temperature sensors which produces an output 
indicating an improper sensing of the skin temperature when 
the rate of change of the temperature sensors di?er by a 
second threshold amount. 

12. The skin temperature measuring apparatus of claim 9, 
wherein the second indicator produces an output when the 
rate of change of temperatures sensed by the at least first and 
second temperature sensors difer by a threshold amount. 

13. A body function measuring apparatus comprising 
a first sensor providing a first signal, 
a second sensor spaced apart from the first sensor, the 

second sensor being positioned to lie proximate the first 
sensor, the second sensor providing a second signal, 

a circuit coupled to the first and second sensors, the cir 
cuit comparing the rate ofchange ofthe?rst signal to 
the rate ofchange ofthe second signal, 

an indicator operatively coupled to the circuit to indicate 
whether the di?'erence between the rate of change of the 
first signal and the rate ofchange ofthe second signal 
exceeds a threshold, and 

a housing, the first sensor being received by the housing 
and the second sensor being received by the housing, 
wherein the housing is formed to include a?rst land 
and a second land, the first sensor being carried by the 
first land and the second sensor being carried by the 
second land. 

14. The bodyfunction measuring apparatus ofclaim 13, 
wherein the housing is?exible. 

15. The bodyfunction measuring apparatus ofclaim 13, 
wherein the housing isformed to include a neck connecting 
the?rst land to the second land. 

16. The bodyfunction measuring apparatus ofclaim 15, 
wherein the neck is?exible so that the?rst land can move 
relative to the second land. 


