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Objective: to assess whether iSo 11140 
part 1 class 6 chemical indicators (cis) 
for steam sterilization actually meet their 
claimed Stated Values (SVs). SVs for steam 
sterilization represent a temperature-time 
combination at which the ci has to give an 
unambiguous pass result, e. g. at 134 °c 
after 3.5 minutes in saturated steam.

Design: Six types (brands) of commercial-
ly available iSo 11140 part 1 class 6 cis 
were purchased and investigated. these 
cis were exposed to saturated steam at 
134 °c. the exposure time was varied 
from 1 s to 15 minutes. at the SVs of the 
indicator it has to show an unambiguous 
color change towards the reference color. 
this color change indicates a pass result. 

Method: after exposure of the cis to satu-
rated steam the indicator ink and the ref-
erence color on the ci strip were read out 
immediately. to avoid observer-dependent 
results these readings were obtained from 
a spectrodensitometer.

Results: only one type of the six class 6 
cis actually reached its reference color 
and showed a color change close to its SVs.

Conclusions: class 6 cis have only a very 
limited added value and in most cases their 
use may lead to conclusions that are unre-
liable and even unsafe.

|| Introduction
in hospitals steam sterilizers are used to 
sterilize reusable heat resistant medical 
devices, such as surgical instruments. 
Steam sterilization conditions are de-
scribed in the literature (1, 2, 3). it is doc-
umented extensively that monitoring of 
sterilization processes and loads is nec-
essary (4, 5, 6). in standards for steam 
sterilization this is translated such that 

always cis and come on a label or a tape. 
exposed to steam at an elevated tempera-
ture they must show a clear color change to 
discriminate between sterilized and non- 
sterilized packs. these class 1 cis do not 
qualify the sterilization conditions within 
the load. to check whether steam sterili-
zation conditions are established within 
a load biological indicators (Bis) can be 
used. Bis are placed in the load between 
the packs with medical devices before a 
sterilization process. after the steriliza-
tion process they are taken out of the load 
and incubated. results of Bis are binary: 
growth or no growth. growth indicates 
a fail process because microorganisms 
could survive the sterilization process. no 
growth indicates a good or pass process, 
because no microorganisms could survive 
the sterilization process. Based on this re-
sult a load can be released for use. at the 
location where the medical devices are 
used, e. g., the operating theatre, nursing 

each sterilization cycle must be monitored 
(clause 10 of the iSo 17665 part 1 [7]). ad-
ditionally, the World Health organization 
(WHo) promotes that the nursing team re-
views whether or not the medical devices 
to be used for surgery are sterile before 
the incision of a patient (8). Methods for 
monitoring can be physical, biological, 
or chemical.
in principle, chemical indicators (cis) 
class 6 (9) can be used for monitoring 
purposes. With such cis nursing staff can 
judge shortly before use whether the con-
tent of a sterilized pack has been exposed 
to sterilization conditions. to judge wheth-
er sterilization conditions are met the re-
sults of cis must be unambiguous. in this 
study 6 types class 6 cis from different 
manufacturers were investigated to assess 
whether they meet their claim and indeed 
give an unambiguous result.
every load Monitoring (elM) is neces-
sary (10) and may be done physically, bio-
logically, chemically, or by a combination 
of these. elM for steam sterilization con-
sists of steam penetration, exposure, load, 
and pack monitoring. Steam penetration 
monitoring has to be performed on a daily 
basis before starting the sterilization pro-
duction. Basically, this is a check to test 
whether or not the sterilizer is capable of 
establishing steam penetration and sterili-
zation conditions. it is also a test to ensure 
that the sterilizer is still functioning as ex-
pected (7, 11). Before medical devices are 
sterilized they are cleaned, often disinfect-
ed, and wrapped in a sterile barrier such as 
containers, pouches, sheets of non-woven 
or crepe (12, 13). Microbiological barriers 
protect instruments from recontamina-
tion after sterilization. on the outside of 
the microbiological barrier exposure in-
dicators are placed. these indicators are 
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about this type of indicators exist (15, 16) and are continuing. in 
view of this, we found it worthwhile to study a number of these 
class 6 cis to assess whether these have the ability to unambigu-
ously qualify steam sterilization conditions.

||Materials and methods
For the present study, six different types of commercially avail-
able cis were purchased. these six types of cis were chosen be-
cause they are very frequently used in hospitals. their proper-
ties are listed in table 2. the procedures and process for testing 
class 6 cis are described in the standard iSo 11140 part 1 (9). a 
so called Biological or chemical indicator evaluator resistome-
ter, respectively Bier or cier, meeting the standard iSo 18472 
(17) has to be used for the tests. in this study a lautenschläger 
resistometer type 219 (lautenschläger, cologne, germany) with 
a volume of 11 l was used. Steam quality is a critical parameter 
for steam sterilization and hence for resistometers used for test-
ing. the steam supply of the used resistometer is described by 
Benoit et al. (18) and fulfills the requirements. 
after warming up the resistometer, a rack with 18 cis (3 of each 
type) was loaded. the indicators where positioned in this rack 
according to the pattern indicated in figure 2. each ci was posi-
tioned in such a way that the side of the indicator containing the 
ink and the reference color were standing free in the chamber 
of the resistometer, so steam had direct access to the ink. the 

staff opens the sterilized pack and has to verify whether or not the 
content is sterile (8). if a Bi would be used for pack monitoring, it 
has to be taken out of the package and incubated for a given time 
to obtain a result. However, once a sterilized pack is opened the 
content must be used immediately or else considered as not ster-
ile anymore. For this reason, the use of Bis for pack monitoring 
unpractical. in these cases, cis might be used. of course, these 
indicators should indicate unambiguously whether sterilization 
conditions in a pack have been met or not.
currently, a classification system for cis is given in the iSo 11140 
part 1 (9): class 1 cis are defined as process or exposure indi-
cators. class 2 defines indicators for use in specific tests, e. g., 
a steam penetration test. class 3 defines single variable indica-
tors, which should qualify one critical parameter of a process and 
are therefore not used for steam sterilization processes. class 4 
defines multi-variable indicators which should at least qualify 2 
critical parameters of the sterilization process. in steam sterili-
zation processes 3 critical parameters are recognized: satura-
tion of steam, temperature, and time. class 5, integrating indi-
cators, must react to all critical parameters of a process, with a 
performance equivalent to or exceeding the requirements speci-
fied for Bis (14). Finally, class 6 cis are defined as follows: «class 
6: emulating indicators: Emulating indicators are cycle verifica-
tion indicators which shall be designed to react to all critical vari-
ables for specified sterilization cycles. The Stated Values (SVs) are 
generated from the critical variables of the specified sterilization 
process». Some of the requirements and criteria for these indi-
cators are given in table 1 and figure 1. it is important to realize 
that the SVs are defined by the manufacturer and are not nec-
essarily related to killing of microorganisms or to sterilization 
conditions described in the literature. after the process, a class 
6 ci should show whether the SVs specified by the manufacturer 
have been met or not. 
Studies addressing solely class 6 cis for steam sterilization have, 
to our knowledge, not been published. Moreover, discussions 
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Fig. 1: Graphical representation of criteria for class 6 chemical indicators 
for steam sterilization (9). At the left: example with a stated value of 134 °C 
for 180 s. At the right: SVs for temperature and time normalized to 1, which 
makes it easier to compare the results for different CIs. TP1 and TP2 denote 
test points 1 and 2, respectively.

Table 1:  Test and performance requirements for class 6 
chemical indicators for steam sterilization (9). SV stands 
for the «Stated Value» of the indicator. In the standard (9) 
it is implicitly assumed that the steam is saturated.

test point test time (min) test temperature

1 SV + 0% SV + 0 °c

2 SV – 6% SV – 1 °c

Table 2:  Tested class 6 CIs (9) for steam sterilization with 
their claimed Stated Values in reversed alphabetical order

name chemical indicator time (s) temperature (°c)

Steritek eMU-graPH 4  
chemical emulator –  
catalog no. ci 144 int 

240 134

interster international iSP® – 
Steam emulating indicator  
(class 6) art.no 33002060 

210 134

gKe Steri-record® class 6 
Package Monitoring indicator 

180 134

Browne tSttM control. 
cycle Verification (emulating) 
indicator 

240 134

Bag-chemoStrip 134 (°c)  
ref.no. 7502 

180 134

3MtM complytM Steam emulating 
indicator 6601 

240 134
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the processes the temperature was measured with two tempera-
ture sensors in the resistometer chamber.
temperature readings during the exposure time ranged between 
134.0 and 134.3 °c. in the experiments the only difference be-
tween the various test processes was the exposure time, which 
was chosen equal to 1, 15, 30 45, 60,..., 300 s. after 300 s (5 min-
utes) all cis had far passed their SVs and the time step was in-
creased to 30 s up to an exposure time of 7 minutes (330, 360, 
390, and 420 s). to obtain the final color or the so-called end-
point (9) of the cis an exposure time of 900 s (15 minutes) was 
applied. according to the test procedure described in the stand-
ard, after each process the cis were immediately removed from 
the resistometer and examined. a set of indicators that were not 
exposed to steam was used to measure the initial color of the 
ink and reference. 
Human eyes may introduce an observer-dependent color inter-
pretation (20, 21). to obtain objective quantitative results a X-
rite 528 Spectrodensitometer (Xrite, grand rapids, Mi, USa) 
was used to read the indicators results. to identify the colors 
of the indicators the cielaB system with 6500 K daylight was 
used. cie is the abbreviation for the commission internationale 
de l’eclairage or international commission on illumination, the 
international authority on light, illumination, color, and color 
spaces (22). a cielaB color space is a three-dimensional color 
space, where the coordinate L* represents the lightness of the 
color (L* = 0 yields black and L* = 100 indicates diffuse white). 
the coordinate a* represents the position of the color between 
green (negative values of a*) and red (positive values of a*). the 
coordinate b* represents the position of the color between blue 
(negative values of b*) and yellow (positive values of b*). Figure 4 
illustrates the cielaB color space.
this color space is derived from the cie XYZ color space, which 
is directly based on the human visual system (23, 24). an ad-
vantage of the cielaB color space compared to the cie XYZ 
color space is that distances between colors in this space reflect 
the perceived color differences in a fairly uniform way. We did 
not use a color space like rgB or cMYK, because in contrast to 
color spaces based on the human visual system, these systems 
are device-dependent as described, for instance, by the cie (22), 
Brainhard (23) and Fairchild (24). 
after exposure for a specified time to 134 °c saturated steam in 
the cier, not only the color of the indicator ink was measured, but 
also its reference color printed on the same indicator strip. the 
latter measurement was performed to check whether the print-
ed reference changed color after exposure to elevated tempera-
tures and steam, as well. Under ideal conditions, the human eye 
is able to determine a color difference in the cielaB color space 
equal to or larger than s = 2.3 (25). However, it should be con-
sidered that the surfaces of both the indicator and the reference 
color are rather small for good comparison (21) and these two 
surfaces were not directly positioned next to each other. apart 
from this, in practical situations the illumination to read out the 
results of the indicator with the human eye is often not optimal.
Because of these effects, color differences between the indica-
tor ink and the reference smaller than about five (about 2s) are 
unlikely to be discriminated by the human eye. all tested cis had 
the same SV for the temperature (134 °c), but the SVs for time 

indicator ink had no contact with other objects to prevent that 

condensate formed on these objects would influence the test 

conditions for the ink. a test process as specified in standards  

(9) is illustrated in figure 3. During phase ii of the process, the 

exposure time to steam, the temperature is controlled by the sat-

urated steam pressure. Pressure is more accurate and is easier 

to control than temperature. the temperature can be calculated 

from the pressure using the p – T relation for saturated steam (3, 

19). to double check the temperature profile and the stability of 
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Fig. 2: Loading pattern of the Chemical Indicators for a run in the Chemical 
Indicator Evaluator Resistometer (CIER) (17). Each number represents a certain 
type of chemical indicator.

Fig. 3: Standardized test process defined in terms of pressure.9 Phase I, the 
conditioning phase, is divided in two parts: during at most 120 s the pressure 
must be reduced to 4.5 ± 0.5 kPa followed by steam injection to the aimed 
pressure within 10 s. Phase II is the exposure time to the steam. By control-
ling the pressure in the vessel the temperature during this phase was kept 
between 134.0 and 134.3 °C. Phase III is intended to reach a safe state to 
open the vessel, and is also divided in 2 parts: the pressure reduction to 10 
kPa or less has to be achieved within 1 minute, followed by air admission to 
increase the pressure to ambient pressure.

400_404_Doornmalen_en_ZT_6_12.indd   402 11.12.12   22:27



original article | 403Central Service 6/2012

varied from 180 to 240 s (see table 2). to 
make the results better comparable, the 
time is normalized: the actual time values 
are divided by the SV for the time of the 
tested ci. consequently, on a normalized 
time scale (t*) all time SVs for the tested 
cis are equal to one.

|| Results
in figure 5 the lengths of the vectors →I – →R, 
representing the color differences be-
tween the indicator ink and the reference 
(see figure 4), are plotted against normal-
ized time for all six types of cis that were 
tested. the order of the figures a to F is not 
related to the order of the cis listed in ta-
ble 2. in contrast to the ideal color change 
illustrated in figure 4, in practice the color 
changes are gradually. a ci would give an 
unambiguous result if a significant color 
difference between the indicator ink and 
the reference is present as long as the SVs 
are not reached. after the SVs have been 
reached, the color difference should be 
close to zero ( →I – →R = 0). the standards 
(9) also allow a further color change after 
the SVs, and consequently the reference 
color, have been reached. Since this option 
would introduce a large observer subjec-
tivity, it is not considered explicitly in the 
present study. 
inspection of figure 5 shows that only the 
indicator of which the results are plotted in 
figure 5a (ci-a) shows a correct behavior. 
the magnitude of →I – →R of this ci is within 
the accuracy that a human eye could dis-
tinguish (2s). the indicators ci-B and ci-D 
change their color already at t* ≈ 0.5. con-
sequently, these indicators would show a 
pass result already for an exposure time 
to steam equal to only half the time SV for 
that indicator. apart from this, the inter-
pretation of the behavior of indicator ci-B 
is complicated by the fact that the color 
difference |→I – →R| increases again after a 
minimum has been reached. the ink of the 
other three indicators, ci-c, ci-e, and ci-
F, never reaches a color that is perceived 
equal to the reference color. consequently, 
these indicators never show a pass result. 
one should note that the behavior of indi-
cator ci-e is very irregular near t* = 0.5, 
whereas the color change of indicator ci-F 
with time occurs very gradually, with no 
observable change of |→I – →R| around t* = 1.
our results represent color differences be-
tween the indicator ink and the reference, 
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Fig. 4: At the left an illustration of the CIELAB color space. In this three-dimensional space colors are 
expressed by vectors with components L*, a*, and b*. As an example the color of a chemical indicator (→I ) 
is presented. The reference color of this chemical indicator is expressed by the vector (→R).
The more the difference of →I and →R approaches zero, the more identical the colors are. Ideally, the difference 
→
I – →R equals zero, instantly, at the moment the SVs of an indicator are satisfied. 
In the graph at the right the ideal color change is represented. SV represents the states value for the time. 
The dashed line represents SV – 6%, corresponding to the allowed inaccuracy (9) (table 1 and figure 1).
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in the tests (see figure 2).
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cis. in this respect we like to note that the 
present study only addresses the behav-
ior of a chemical indicator as a function of 
exposure time at the aimed temperature. 
other characteristics, such as the tempera-
ture dependence of the color change, may 
be interesting as well.
Finally, we like to remark that the killing 
rates of microorganisms underlying the 
specified temperature-time combinations 
for steam sterilization (2) are based on 
measurements in a completely wet envi-
ronment and are, strictly speaking, only 
valid for 100 % saturated steam. Present-
ly, it is not guaranteed that a ci will give 
a fail result if the steam is not sufficiently 
saturated.
therefore, these indicators should only be 
used in cases where the steam saturation 
(or, alternatively, the steam penetration) 
has been validated or is assessed simul-
taneously by other techniques based on 
physical parameters or biological indica-
tors. ■
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both obtained from measurements on the 
same indicator after a test process. We like 
to note that our measurements reveal that 
also the reference color changes slightly 
during the test process. these changes, 
however, are at most 5 in cielaB color 
space, so our conclusions would be unal-
tered if we would have used the original 
reference color instead of the actual one.

|| Discussion
the results presented above reveal that 
only one of the six tested types of cis 
shows a color change at the SV that can 
be perceived by the human eye in an un-
ambiguous way. Because five out of six do 
not show correct results we conclude that 
class 6 chemical indicators that are com-
mercially available should only be used 
with great care and should not be used for 
releasing loads before they have been test-
ed according to the procedure described in 
this study or by a comparable procedure. 
according to the standard iSo 11140 part 
1 (9) the reading of the indicator has to 
be performed immediately after unload-
ing the sterilizer. in practical situations 
cis are often used in packs with medical 
devices. these packs are wrapped with a 
protective «microbial barrier» (12, 13) to 
avoid re-contamination. these barriers 
have to be opened shortly before use to 
obtain sterile medical devices. cis located 
in these packs can only be read at that mo-
ment and not immediately after unloading 
the sterilizer, as is necessary in testing (9). 
it cannot be excluded that the final color 
change of a ci is affected by a delayed read 
out. in practical use this makes the result 
of a color changing ci less reliable. it can 
be concluded that monitoring of steam 
sterilization with class 6 cis does not un-
ambiguously show whether steam sterili-
zation conditions are met or not.
in the literature accepted conditions for 
the sterilization of medical devices are 
100 % or saturated steam for a predeter-
mined temperature and time, e. g. 134 °c 
for 3 minutes (2, 3). this data set is based 
on microbiological testing (1). according 
to the standards the SVs of class 6 cis do 
not have to be defined in terms of killing of 
microorganisms, which is at least remark-
able for a monitoring product for steriliza-
tion. apart from this, the killing curves and 
characteristics of Bis may differ from the 
chemical reaction characteristics of class 6 
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