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Purpose: To find a reliable method to determine the wearing times of glasses in adults
objectively on the basis of temperature measurements of the small-sized theramon® thermo-
sensor device (TM) from orthodontics. Furthermore, the reliability of the determined wearing
times during well and poor position of spectacles was explored. To address the previously
reported lack of accuracy during higher outside temperatures, this study was conducted in
midsummer and autumn.

Patients and Methods: Twenty adults wore their spectacles with three TMs attached to
both inner sides and the right outer side in a period of three consecutive days. They were
asked to report wearing and non-wearing times, indoor and outdoor activities and subjective
perception of spectacle position as accurately as possible. To find the most reliable way to
determine spectacle wearing times compared to protocolled wearing times, we applied and
evaluated temperature categorizing methods and visual analysis of time logged temperatures.
Percent error and percent accuracy of each method were calculated. The methods mentioned
were applied and evaluated to determine poor spectacle position.

Results: Median percent errors of the most reliable determination methods were <10% with
an accuracy between 90% and 96%. Comparing the most reliable methods, determinations on
the basis of midsummer measurements (median percent error 0% to 2%, median percent
accuracy 96%) were more accurate than on the basis of autumn measurements
(median percent error —5% to —20%, median percent accuracy 90%). Poor spectacle position
could be determined with a median percent error of 0% and a median percent accuracy of
100% by analysing the temperature measurements of TM’s visually.

Conclusion: A reliable and objective determination of spectacle wearing times is possible
on the basis of TM temperature measurements in a standard clinical setting. Measurements of
one inner TM seem to be sufficient to determine the wearing times and are more appealing.
Poor spectacle position can be determined reliably by analysing visually the time logged
temperatures. The findings of this study require further studies on larger groups of affected,
amblyopic patients and children, to analyse the real impact of spectacle wearing times and
poor spectacle position on visual development.

Keywords: amblyopia, spectacle wearing times, objective monitoring, theramon®
thermosensor, spectacle adherence

Introduction

Spectacle correction is an important part of the therapy of patients with different
ophthalmic diseases. Adherence to spectacle wear is crucial, especially for children
during the sensitive phase of visual development.' The correction of refractive errors
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in children with anisometropic and/or strabismic amblyopia
leads to an improvement of visual acuity in many cases™ and
non-wearing of spectacles may have a negative impact on
therapy success. Causes for non-adherence are variable, eg
amount of uncorrected refractive error, level of uncorrected
visual acuity or socio-demographic factors.® At present, there
is no established method to determine the spectacle wearing
times reliably and objectively. Questionnaires for tracking
wearing times may be utilized but their quality depends on
the subjective notations and individual commitment of
patients or parents.

To determine occlusion times in amblyopia-therapy
objectively, thermosensors have been used since the early
1990s. The principle is, to determine occlusion times on
the basis of logged temperatures in predefined time
intervals.” Since their development, they have been con-
stantly optimized and a lot of research has been done on
different types of Occlusion-Dose-Monitors (ODM).”'2

Recent studies reported on different methods for deter-
mining spectacle wearing times by various thermosensor
devices. One study investigated the adherence to spectacle
wearing on 40 amblyopic children by using a Glasses-
Dose-Monitor (GDM). The GDM is technologically simi-
lar to the ODM and measures temperature differences
between two surfaces with a temperature resolution of
0.0625°C. Data collection by GDM was successful in
85% and failed in around 15% due to technological pro-
blems or loss of monitors. The GDM is relatively large and
must be attached with a patch to the spectacle frame."
Another study reported on the SmartButton Data Logger
Temperature Recorder, which was utilized to investigate
spectacle wearing times of 50 adults objectively by
Lentsch et al. This thermosensor can be easily mounted
retroauricular to the end of the spectacle frame or above/
below it. Dependent on hairstyles and manner of fixation,
measurements of the direct skin surface temperature were
possible or not. Temperature readings were obtained with
a resolution of 0.5°C. Median percent error of determined
to 8%.
Furthermore, determined wearing times were reported

spectacle wearing times was reported up
with a percent error of up to 10% for 64-70% of subjects
and with a percent error of more than 20% for up to 26%
of subjects. The largest percent errors were overestima-
tions of spectacle wearing times."*

One recent study reported on the general applicability

of the well-established theramon®

thermosensor (TM)
from orthodontics in ophthalmology.'>'® The small-sized

sensor can be mounted to ocular patches and spectacle

temples easily, which ensures direct contact to the wearer’s
skin surface. The results of this study show, that wearing
TM in a pocket or placing it in an incubator was distin-
guishable from wearing it on spectacles or patches by
100% of the blinded test persons. A lack of accuracy
was reported for temperatures of 33°C to 37°C.'"'*

The general purpose of this study was to evaluate and
find further reliable methods to determine spectacle wear-
ing times as well as poor spectacle positions objectively on
the basis of measurements of the small-sized and widely
available TM. To address the anciently reported lack of
accuracy during higher outside temperatures, this study
was conducted in midsummer and autumn.

Methods
Subjects

This prospective observational study was approved by the
ethical committee of Eberhard-Karls-University Tiibingen
(reference number: 610/2014BO1) and adhered to the
Declaration of Helsinki. All 20 adult subjects gave an
informed consent.

Criteria for Eligibility or Exclusion

The requirement for the enrolment of subjects into the study
was a spectacle correction of at least six hours/day. To
enable the optimal attachment of TM, which means main-
taining contact to the skin surface without applying uncom-
fortable pressure, a distance of around 4.6 mm between the
subjects’ spectacle frames and the temple area was required.
That is 0.1 mm more than the TM height.

Adults with infrequent spectacle wearing (eg for driv-
ing or reading only), skin covering hair growth in the
temple area or unsuitable styles of spectacle frames were
excluded.

Each with
TMs attached for three consecutive days and was asked

subject wore its spectacle three
to do its normal indoor and outdoor activities like sports,
homework, gardening, driving, etc. Measurements were
performed in midsummer (July/August) and autumn

(October).

Thermon® Thermosensor

The TM has a compact format of 9 x 13 x 4.5 mm. It is
manufactured by MC Technology GmbH (Hargelsberg,
Austria) and is commercially available worldwide. The flat
side contains the thermosensor itself. The elevated rounded
side contains the battery with a battery runtime of 15months.
With reading intervals of 15 minutes adjusted, the TM has
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a data storage of 100 days. Measurements have an accuracy
of £0.2°C. TM only wakes up to take measurements and
remains in sleep mode during intervals in between. The data
transfer from the TM to the computer works by a separately
provided hardware, the TM reading station, in combination
with a TM computer software. The connection between the
TM and its reading station is based on the so-called radio
frequency identification technology (RFID). The reading
station itself is connected to the computer by USB.
Temperature data can be exported from the TM software to
Microsoft Excel.

Attachment of the Theramon®

Thermosensors
A member of the study group attached three TM’s to each
subject’s spectacles and verified their right location and

proper fixation. The TM’s were attached with their ele-
vated rounded side to the spectacle frames by a double-
sided strip (Figure 1). Two TMs were attached to both
inner sides of the spectacle frames. Both were located
preauricular at the height of the temporal region and in
an area of minimal hair growth. Direct contact to the skin
surface was verified. The third TM was attached to the
right outer side of the spectacle frame without having
contact with the subjects’ skin surface.

Data Collection

All subjects were comprehensively informed about and
fully aware of the automatic temperature recording by
the TM. Furthermore, they were asked to keep accurate
records in a standardised protocol, which required infor-
mation about spectacle wearing and non-wearing times,

Figure | (A and B) Spectacle frames with three attached TM’s. (C and D) Attachment of two TM'’s to both inner sides of the spectacle frame located preauricular at the
height of the temporal region with direct contact to the skin surface. The third TM was attached to the right outer side of the spectacle frame without having contact to the

subjects’ skin surface.
Abbreviation: TM, theramon® thermosensor.
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indoor and outdoor activities with corresponding times, attached TM’s and the subjective perception of the
special events or environmental factors (eg sweating and  spectacle position (see Figure 2 as an example of
winding), the comfort of wearing spectacles with the a protocol).

Day 1 (Date )
WEARING TIMES OF Spectacles worn
SPECTACLES .
From a.m./p.m. till a.m./p.m.
NON-WEARING OF discontinued
SPECTACLES .
(OPTIONAL) 1. from a.m./p.m. till a.m./p.m.
2. from a.m./p.m. till a.m./p.m.
3. from a.m./p.m. till a.m./p.m.
ACTIVITIES
1.
from a.m./p.m. till a.m./p.m.
2.
from a.m./p.m. till a.m./p.m.
3.
from a.m./p.m. till a.m./p.m.
SUBJECTIVE Please mark
PERCEPTION OF .
SPECTACLE POSITION optimal m well m moderate m poor m
(optional: change of spectacle position)
from a.m./p.m. till a.m./p.m.
optimal m well m moderate m poor m
SPECIAL EVENTS/
ENVIRONMENTAL
FACTORS (F.E. L.
SWEATING, DIRECT )
SUN EXPOSURE, from a.m./p.m. till a.m./p.m.
WINDING) )
from a.m./p.m. till a.m./p.m.
3.
from a.m./p.m. till a.m./p.m.
COMFORT AND Please mark or write down
SUBJECTIVE .
PERCEPTION OF TM- optimal ®m  well m  moderate m poor m
WEARING cause:
Figure 2 Example of the subjects’ protocol.
Abbreviation: TM, theramon® thermosensor.
1378  submit your manuscript Clinical Ophthalmology 2021:15
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Both, sensors and subjects’ protocols were collected
after 3 days by the study members and the temperature
data of all TMs were transferred to Microsoft Excel.

Statistical Analysis

Export of Temperature Data and Protocolled
Wearing Times

Temperature data were exported from the TM software to
a Microsoft Excel file. The subjects’ protocol data were
transferred and saved in the same file for subsequent
analysis, eg correlation with the temperatures measured
by TMs.

Correlating Theramon® Temperature Data with

a Reference

The temperatures measured by TMs were classified as
“worn” and “not worn” according to the subjects’ proto-
cols. The subjects’ protocol data were stated as truth: The
protocolled wearing or non-wearing times in the subjects’
protocols were defined as true “worn”, respectively, true
“not worn”. The determined wearing or non-wearing times
that did not match with the subjects’ protocol data were

3

defined as false “worn” and false “not worn”. Group
means and standard deviations (SD) of “worn” and “not
worn” temperatures were calculated for each TM as well
as for the calculated temperature differences between the
TM’s. The calculations were used for categorization of
temperature data and determination of spectacle wearing

times as described in the following.

Definition of the Data for Determination Methods of
Spectacle Wearing Times

To determine spectacle wearing times with the methods
described below, we used the temperature data measured
by each TM as well as the calculated temperature differ-
ences between the TM’s (hereinafter called determination
data). For all determination data determination methods
for spectacle wearing times were applied.

Determination of Spectacle Wearing by
Categorization of Temperature Data

We used two different methods to determine wearing times.
Both attempted to categorize the determination data into
“worn” and “not worn” by cut-off-points. For method one,
the temperature cut-off-point was calculated by the group
mean of the protocolled “worn”-temperatures minus 1 SD.
For method two it was calculated by the group mean of
protocolled “not worn”-temperatures plus 1 SD.

Measured temperatures falling above/below these cut-
off-points were stated as “worn”/“not worn” (Figure 3).

Determination of Spectacle Wearing by

Graphical Analysis of Temperature Data
We also investigated a visual determination method.
Therefore, a blinded examiner tried to classify the deter-
mination data into “worn”/“not worn” by visually analys-
ing the time-plotted determination data. A sudden steep
increase in temperatures indicated that spectacles were put
on. A subsequent steep decrease indicated that spectacles
were taken off. In between temperatures oscillated slightly
(Figure 4). Increase and decrease of temperatures were
marked and spectacles were stated “worn” for the interval
in between. Wearing times were calculated by counting the
“worn” times (Figure 3).

Comeparison of the Determination
Methods

First, the percent error for each method was calculated
using the following formula:

determined _ protocolled
"worn'time "worn'time

100
protocolled 'worn’time %

percent error =

Because the overall determined wearing times may be
randomly similar to the overall wearing times in the sub-
jects’ protocols, we also calculated the percent accuracy
for analysing more precisely the accuracy of the particular
determination method:

(true’worn’ + true'not worn’)
(true’worn” + true’not worn’
+false "'worn’ + false 'not worn’)

x 100

percent accuracy =

Analysis of the Determinations for Poor
Spectacle Position

On the basis of the determination data and subjects’ pro-
tocols, we determined the times of poor spectacle position
or spectacle shifting by categorization of temperature data
as described above. The percent error and percent accu-
racy of the determinations were calculated separately.
Time plotted temperatures were analysed visually.
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Figure 3 Flow diagram showing spectacle wearing groups and different methods of data analysis.

Abbreviation: TM, theramon® thermosensor.

Results
All 20 subjects (12 female, 8 male) completed the 3 days of
spectacle wearing with attached TM’s and kept records of the
data described above in the standardised subjects’ protocols.
All subjects were included in the analysis shown below.

The confidence of loggings was high: 19 subjects pro-
tocolled wearing and non-wearing times, indoor and out-
door activities and subjective spectacle position in detail
during each day of TM measurements. One subject
reported on wearing times but protocolled activities and
spectacle position less detailed.

Three subjects reported discomfort due to pressure of
the inner TM’s on the temples. One subject reported
a pressure of the inner TM’s only while eating.

For two of the 60 TMs, the collection of temperature
data was incomplete due to technological failure (3.3%
missed data storage, 96.7% successfully stored data).
Both TMs were attached to the right outer side of the
spectacles.

Temperature data were collected in midsummer (July/
August) and autumn (October). The outdoor temperature
ranged between 17°C and 36°C in midsummer and 4°C
and 13°C in autumn.

Group mean [SD] of “worn” and “not worn” tempera-
tures for the determination data are shown in Table 1.

Mean temperatures of “worn” and “not worn” differed
significantly for the right inner TM (F, ;5 =1971,6, p<0.01),
left inner TM (F, 15 =2473,3, p <0.01), right outer TM (F; ;6
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Figure 4 Time plotted temperature measurements of TM’s (°C). The steep increase and decrease of temperatures indicates that spectacles were put on or taken off,

respectively. During the wearing times of spectacles temperature oscillates slightly.
Abbreviation: TM, theramon® thermosensor.

=264, p <0.01), A right inner TM-right outer TM (F; 6 =
631,3, p < 0.01), A left inner TM-right outer TM (F; ;5 =
965,5, p < 0.01) but not for the A right inner TM-left inner
™ (F 15 =4.9,p=0.02)

The mean temperatures differed significantly between
the gender for the right inner TM (F; ;5 = 16.4, p < 0.01),
left inner TM (F; 15 = 18.1, p < 0.01), right outer TM (F; 16
=78.3, p <0.01), A right inner TM-right outer TM (F; ;6 =
49.8, p < 0.01), A left inner TM-right outer TM (F, 16 =
57.9, p < 0.01) but not for the A right inner TM-left inner
™ (F, 5 = 3.6, p = 0.05)

In addition, the mean temperatures between the seasons
differed significantly for the right inner TM (F; ;5 = 199,4,
p <0.01), left inner TM (F, ;5 = 205,3, p < 0.01), right outer
TM (F; 16 = 624, p <0.01), A right inner TM-right outer TM
(F1.16 = 320,3, p < 0.01), A left inner TM-right outer TM

(F1.16=378.7, p <0.01) but not for the A right inner TM-left
inner TM (F, ;5 =2.7, p=0.1).

Therefore, the temperature data of the A right inner
TM-left inner TM were not included in the further statis-
tical analysis.

Wearing Times

Group mean of protocolled daily spectacle wearing times
was 10.7 hours (SD = 3.4 hours). In comparison, group
means of the determined wearing times are shown in
Figure 5A.

Group means of protocolled daily spectacle wearing
times were 10.6 hours (SD = 3.4 hours) during midsum-
mer and 9.5 hours (SD = 3.9 hours) during the autumn. In
comparison, the corresponding group means of our deter-
minations are shown in Figure 5B and C.

Table | Group Means [| Standard Deviation] of TM Temperatures (°C) Classified by Subjects’ Protocols

Right Left Right A Right Inner TM-Left | A Right Inner TM-Right | A Left Inner TM-Right
Inner TM | Inner TM | Outer TM Inner TM Outer TM Outer TM
Worn 33,3 [2/4] 33,1 [2,4] 28,3 [3,6] 0,1 [1,9] 4,9 [2,5] 4,9 [24]
Not Worn | 26,9 [4,7] 26,1 [4,2] 25,0 [3,6] 0,3 [3,9] 1,7 [3,0] 0,9 [2,2]

Abbreviation: TM, theramon® thermosensor.
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Comparison of the Determination
Methods

For all determination methods the distribution of percent error
differed across the determination data sources (y* (10, N=208)
= 84.8, p < 0.001). There was a significant difference

of percent error between the methods for right inner TM

(Pmethod2-graphical method = 0,0000), right outer TM (Pmethod1-
method2 = 0.0012, Prethod2-graphical method = 0.0005), A right
inner TM-right outer TM (Prethodi-method2 < 0.0001, Prethoda-
graphical method < 0.0001), A left inner TM-right outer TM
(Pmethod1-method2 < 0.0001, Prethod2-graphical method < 0-0001).

For all determination methods, there was no significant
difference between the median percent errors across the
seasons (Kruskal-Wallis-Test, H = 10.8, df = 5, p = 0.05)
(Table 2).

The distribution of percent accuracy differed for all
determination methods across the determination data
sources (y* (10, N=208) = 64.4, p < 0.001). There was
a significant difference of percent accuracy between the
determination methods for the right inner TM (Pmethodi-

grapical method = 0.005, Pmethod2-graphical method = 0.0006),
right outer TM (Pmethodi-methodz = 0.001, Pmethodi-grapical
method < 0.0001, Prethod2-graphical methoa < 0.0001), A right
inner TM-right outer TM (Pmethodl-methodz < 0.0001, p-
method2-graphical method < 0.0001).

Across all determination methods the median percent
accuracy differed significantly between midsummer and
autumn (Kruskal-Wallis-Test, H = 304, df = 5, p <
0.001), but there was no difference of the same determina-
= 0.38;
Pmethod 2 = 0-68; Pgraphical method = 0.81) (Table 2).

The best determinations could be shown for determi-

tion methods between the seasons (Pmethodi

nation methods 1 and 2 based on measurements of the
left inner TM as well as for the graphical determination
method. For method 1 the percent errors ranged between
—55% and 16% and the percent accuracy ranged
between 44% and 99%. For method 2 the percent errors
ranged between —53% and 19% and the percent accu-
racy ranged between 45% and 98%. The percent error of
determinations by graphical method ranged between
—6% and 7% and the percent accuracy between 91%
and 98%.

Determinations by method 2 based on the determina-
tion data of the right outer TM and A right inner TM-right
outer TM were highest in median percent errors and low-
est in median percent accuracy.

The highest percent errors of —99% were shown for
determination method 2 based on the determination data of
the A right inner TM-right outer TM. The corresponding
subject spent a lot of the time walking outside during high
temperatures of around 30°C. However, the determinations
by method 2 based on the data of the right inner TM had
a percent error of only —4% for the same subject.
Negative percent errors indicate an underestimation of
spectacle wearing times.

Exemplary, time logged temperature measurements by
the TM’s are shown for subject 2 (Figure 6A). For the
inner TM’s, the increase and decrease of temperatures are
similar. Simultaneously, for the right outer TM, there is
a temperature increase/decrease at a lower level, which
suggests the affection of measurements of the outer TM
by the body temperature.

Spectacle Position

For protocolled optimal as well as for poor subjective
spectacle position the time logged temperatures are
shown exemplary for the right inner TM. For protocolled
optimal position slight temperature oscillations can be
detected (Figure 6B). For poor spectacle position or shift-
ing of spectacles larger temperature oscillations can be
detected (Figure 6C). Larger oscillations did not achieve
the steep increase or decrease in measured temperatures
when spectacles were put on or taken off.

The best determinations of wearing times during poor
spectacle position were performed by determination
method 1 on the basis of the temperature difference A
left inner TM-right outer TM and the graphical analysis
(Table 3).

Discussion

The results of this study show that wearing times of
spectacles are objectively and reliably determinable by
determination methods on the basis of the measurements
of the TM’s in a standard clinical setting. The best deter-
minations of wearing times with the highest accuracy of
determinations were obtained by the graphical determina-
tion method. Furthermore, both temperature categorizing
methods revealed high accuracy of determinations.
Interestingly, the determinations were more accurate for
the midsummer group than for the autumn group. Position
or shifting of spectacles could be determined reliably by
analysing the plotted time logged temperature data of TM
visually.
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Figure 6 (A) Time plotted temperatures of both inner and the outer TM’s (°C) exemplary for subject 2. (B) Time plotted temperatures of right inner TM (°C) during
protocolled optimal spectacle position and (C) during protocolled poor spectacle position or shifting of spectacles.
Abbreviation: TM, theramon® thermosensor.
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Table 3 Median Percent Error and Median Percent Accuracy [Quartile |, Quartile 3] of Determined Wearing Times During Reported

Poor Spectacle Position by Different Determination Methods.

Median Percent Error (Quartile I, Median Percent Accuracy (Quartile I,
Quartile 3) Quartile 3)

Right Inner TM Method | 0% (—50%, 0%) 80% (50%, 100%)

Method 2 0% (—50%, 0%) 80% (50%, 100%)
Left Inner TM Method | 0% (—50%, 0%) 100% (50%, 100%)

Method 2 0% (—50%, 0%) 80% (50%, 100%)
Right Outer TM Method | —17% (-50%, 0%) 80% (50%, 100%)

Method 2 —67% (—100%, —7%) 33% (5%, 93%)
A Right Inner TM- Right Outer | Method | 0% (—25%, 6%) 83% (75%, 100%)
™ Method 2 —19% (—83%, 0%) 80% (17%, 95%)
A Left Inner TM-Right Outer Method | 0% (—1%, 6%) 99% (80%, 100%)
™ Method 2 0% (0%, 6%) 90% (25%, 100%)
Graphical Method 0% (0%, 0%) 100% (80%, 100%)

Abbreviation: TM, theramon® thermosensor.

Even though the graphical method revealed the highest
determination accuracy, we recommend the temperature
categorizing method for the determination of spectacle
wearing times in the clinical setting. Visual analysis of
the plotted time logged temperature measurements is more
time-consuming because the method is not automated yet
and examiners must indicate increase and decrease of
temperatures manually. In light of the evaluated methods
of this study, it seems to be clinically more feasible to use
the temperature categorizing methods. Also, for the tem-
perature data of the inner TM’s, those methods showed
a high median determination accuracy of >90% and a low
median determination error of <10%.

In the future, the use of artificial intelligence for the
determination of spectacle wearing times and spectacle
position by the graphical method could be considered.
For example, neuronal networks, methods of pattern
recognition and deep learning could enable less time-
consuming and automated determinations with high accu-
racy. Probably, larger amounts of temperature data will be
needed as test-data for the configuration and parametriza-
tion of the different algorithms of artificial intelligence.
Afterwards, the methods of artificial intelligence could be
employed for the temperature categorizing methods, too.

However, visually analysing the plotted temperature
data of the TM's has advantages over the temperature
categorizing methods for indicating spectacle position

and shifting of spectacles. Large oscillations of tempera-
tures indicate a poor spectacle position, whereas slight
oscillations indicate that the spectacles were worn
correctly.

An earlier TM study could show, that wearing the TM
in a pocket can be distinguished from wearing it on spec-
tacles or ocular patches with high accuracy by analysing
temperature graphics, too.'"® When TM was not in contact
with the skin, temperature plateaus were detected and did
not show the slight temperature oscillations, when specta-
cles or patches were worn.

In the clinical setting, it could be easy to evaluate the
quality of the position of spectacles by the graphical
method in addition to the temperature categorizing meth-
ods to determine the wearing times. Regarding the therapy
of amblyopic children, a correct position of spectacles is of
high importance for the best correction of refractive errors
as well as for the therapy's success, especially in cases of
higher amounts of astigmatism. A poor spectacle position
or a spectacle shifting may lead to blurred vision and
a negative impact on the development of visual acuity. In
turn, adjustment of spectacles can be optimized easily by
choosing suitable spectacle frames and additional straps or
earpieces for children.

In addition, the temperature categorizing methods on
the basis of the temperature differences between the left
inner and the right outer TM determined the wearing and
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non-wearing times of spectacles with the highest accuracy
and a low percent error in cases of poor spectacle position.
of this
a difference between the determinations of the temperature

Surprisingly the results study indicate
categorizing methods on the basis of the temperature data
of the right inner TM but not for the temperature data of
the left inner TM. Differences might be caused by the
small sample size of subjects as well as by the right
outer TM, which possibly affected the temperature mea-
surements of the right inner TM.

The determinations of wearing times on the basis of the
temperature measurements of the outer TM showed the lowest
accuracy. Therefore, we recommend not to use the outer TM
in the clinical setting. Against our expectations, we could not
show more accurate results for wearing time determinations
on the basis of the temperature differences between the inner
and outer TM, even in terms of different outside temperatures
and seasons. In addition, the outer TM is more likely to lose
due to its exposed localisation at the spectacle frame.

The different climatic conditions of seasons may affect the
temperature measurements of thermosensor devices. Earlier
thermosensor studies showed invalid measurements during
very high outside temperatures over 33°C.'%!?

In this study, the median percent error for the tempera-
ture categorizing methods on the basis of the measure-
ments of the inner TM’s was lower in the midsummer
group than in the group. Also, the

median percent accuracy was higher for determinations

autumn

of the midsummer wearing times.

The results of this study are in concordance with the
findings of Lentsch et al, who used the SmartButton Data
Logger for monitoring of spectacle wearing of adults during
warm and hot climatic conditions. They showed a low
median percent error of <10% for their approximations com-
pared to the reported wearing times.'* Another study investi-
gated the spectacle wearing times of adults for warm versus
cold climate with the same SmartButton Data Logger. They
applied the same temperature range, that was evaluated in the
first study for warm climate, also for the cold climate and
showed a median percent error of 4% in the summer and —8%
in the winter.?® Those findings are not unquestionable, because
the subjects spent most of the time indoor.

In this study, we calculated and applied one tempera-
ture cut-off-point for both seasons on the basis of the
group mean temperatures of the TM measurements.
Compared to the results of Huang et al, one temperature
range for different seasons seems not to be superior to
compensate for the seasonal effect.

In conclusion, further investigations on monitoring
spectacle wearing times by the TM during different sea-
sons and extreme surrounding temperatures like very hot
and very cold climates are required. Possibly, it is better to
indicate seasonal cut-off-points adopted to the climate and
outside temperatures.

In this study, subjects were not asked to wear their
glasses full-time, because we aimed to evaluate tempera-
ture measurements of TM during different conditions of
spectacle wearing and non-wearing. Regarding the therapy
of amblyopic children, a full-time spectacle correction of
12 hours of daily wearing times is recommended, accord-
ing to the sleep times of children.?' Therefore, it is impor-
tant to consider the accuracy of the objectively determined
spectacle wearing times for detection of adherence,
because low adherence can be a cause of absent visual
improvement. Maconachie et al could show with the mea-
surements of the GDM, that median adherence to spectacle
correction was only 70% and very variable in amblyopic
children."* A previous TM study on amblyopic children
revealed an adherence to intermittent occlusion glasses, an
alternative to occlusion patches, of only 51.6%.%

According to the results of the most accurate determina-
tion method (method 2 on the basis of the temperature data
of the left inner TM), the determined wearing times would
be 12 hours per day in midsummer (median percent error
0%) and 11.4 hours during the autumn (median percent error
- 5%), which would indicate high adherence to spectacle
wearing. Also, lower adherence can be detected reliably by
the evaluated method of this study. Amblyopic children and
their parents could be encouraged to the spectacle wearing
by the visualized wearing times as positive feedback.

Most of the subjects in this study did not have any
complaints while wearing their spectacles with the
attached TM’s. However, four subjects reported discom-
fort due to pressure of inner TM’s on their temples. It is
important to verify the suitability of the TM to the present
spectacle frames to reduce the sense of pressure.
Especially in terms of affected amblyopic children, accep-
tance and comfort must be tested.

Regarding the suitability to spectacle frames as well as
aesthetical aspects, the TM’s small size is of advantage
compared to other thermosensor devices like the
SmartButton Data logger'* or the GDM.'? These thermo-
sensors are larger in size and need to be mounted to
spectacle frames by more conspicuous tapes. Even though
our subjects did not lose any of the TM’s, one concern of
the small size is the risk for loss while putting spectacles
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on or taking them off. In the clinical setting other mount-
ing strategies could be tested.

This study has several limitations: All subjects were
adults
a therapeutic setting. The high confidence in subjects’

and measurements were obtained outside
protocols could be due to the fact that subjects participat-
ing in this study were particularly motivated. The high
educational and socio-demographic level of subjects
leads to a homogeneity of the group. Possibly measure-
ments on affected amblyopic children of different socio-
demographic levels may differ from our findings.
Cut-off-points for temperature categorizing methods may
differ between seasons. Especially exposition to extreme hot
or cold temperatures may have an impact on the measure-
ments and the accuracy of the determinations. Therefore, it
could be of advantage to identify individual cut-off-points
adopted to the climatic conditions, even though in this study,
the percent errors of the most accurate determination meth-
ods were shown to be <10% and did not differ in accuracy

between midsummer and autumn measurements.

Conclusion
The results of this study indicate that spectacle wearing
times are objectively and reliably determinable on the
basis of TM temperature measurements in a standard clin-
ical setting. Determinations based on the measurements of
one inner TM seem to be sufficient and more appealing.
We recommend to determine wearing times by the auto-
matable temperature categorizing method two. The quality
of the spectacle position can be easily evaluated by
visually analysing the plotted time logged temperatures.
The findings of this study require further studies on
larger groups of affected, amblyopic patients and children,
evaluating the real impact of refractive correction.

Abbreviations
™, theramon® thermosensor; SD, standard deviation.
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