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ORIGINAL ARTICLE

Diagnosis of X-Linked Hypohidrotic Ectodermal
Dysplasia by Meibography and Infrared

Thermography of the Eye

Thomas Kaercher1, Jasna Dietz2, Christina Jacobi3, Reinhold Berz4 and
Holm Schneider2

1Augenarztpraxis, Heidelberg, Germany, 2Department of Pediatrics, 3Department of Ophthalmology, University
of Erlangen-Nürnberg, Germany, and 4InfraMedic GmbH, Mörfelden, Germany

ABSTRACT

Purpose: X-linked hypohidrotic ectodermal dysplasia (XLHED) is the most common form of ectodermal
dysplasia. Clinical characteristics include meibomian gland disorder and the resulting hyperevaporative dry
eye. In this study, we evaluated meibography and ocular infrared thermography as novel methods to diagnose
XLHED.

Methods: Eight infants, 12 boys and 14 male adults with XLHED and 12 healthy control subjects were subjected
to a panel of tests including the ocular surface disease index (OSDI), meibography and infrared thermography,
non-invasive measurement of tear film break-up time (NIBUT) and osmolarity, Schirmer’s test, lissamine green
staining and fluorescein staining. Sensitivity and specificity were determined for single tests and selected test
combinations.

Results: Meibography had 100% sensitivity and specificity for identifying XLHED. Infrared thermography, a
completely non-invasive procedure, revealed a typical pattern for male subjects with XLHED. It was, however,
less sensitive (86% for adults and 67% for children) than meibography or a combination of established routine
tests. In adults, OSDI and NIBUT were the best single routine tests (sensitivity of 86% and 71%, respectively),
whereas increased tear osmolarity appeared as a rather unspecific ophthalmic symptom. In children, NIBUT
was the most convincing routine test (sensitivity of 91%).

Conclusions: Meibography is the most reliable ophthalmic examination to establish a clinical diagnosis in
individuals with suspected hypohidrotic ectodermal dysplasia, even before genetic test results are available.
Tear film tests and ocular surface staining are less sensitive in children, but very helpful for estimating the
severity of ocular surface disease in individuals with known XLHED.

Keywords: Dry eye, hypohidrotic ectodermal dysplasia, infrared thermography, meibography

INTRODUCTION

X-linked hypohidrotic ectodermal dysplasia (XLHED,
MIM 305100), the most frequent form of ectodermal
dysplasia with an incidence of 1–2/100,000, is
characterized by hypotrichosis, hypohidrosis and
hypodontia. During childhood XLHED is a life-
threatening disorder, because it may lead to severe

hyperthermia.1,2 Therefore, early diagnosis is of
crucial importance to prevent avoidable calamities.

XLHED is caused by mutations in the gene EDA
located on the X-chromosome. The gene product,
ectodysplasin A, seems to play an important role as
a signalling molecule mainly during fetal and neo-
natal development.3 As in all X-linked disorders,
hemizygous XLHED males are more consistently
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and severely affected than heterozygous XLHED
females.

Although lack of hair and teeth are the more
obvious clinical features, characteristic ocular signs in
conjunction with a typical family history may also
allow the diagnosis of XLHED. Besides the classical
wrinkling and hyperpigmentation around the eyes,
tear film disorders, lid alterations, ocular infections,
and corneal disease have been reported in the litera-
ture1,4,5 and can be detected already in young children
with XLHED.6 However, most established tests
for ocular surface disease are too invasive for rou-
tine examinations of children. Furthermore, their
sensitivity and specificity for XLHED is unknown.
Meibography is not used routinely in dry eye patients,
but has been recommended for ectodermal dys-
plasia patients.7 There are no reports on the diagnos-
tic use of infrared thermography, a fast and easy
method to detect temperature variations at the ocular
surface, in subjects with hypohidrotic ectodermal
dysplasia.

The aim of this study was to evaluate meibography
and ocular infrared thermography as novel methods
to diagnose XLHED in subjects with or without dry-
eye symptoms. These two methods were compared
with a panel of routine tests to determine to what
extent the eye could be an indicator for an underlying
genetic disorder such as XLHED.

SUBJECTS AND METHODS

The ophthalmic examinations were performed on
subjects with genetically confirmed XLHED during an
annual meeting of the German-Swiss-Austrian patient
support group in Germany or at the Competence
Center for Ectodermal Dysplasias in Erlangen. The
study (clinicaltrials.gov NCT 01308333) was approved
by the ethics committee of the University of Erlangen-
Nürnberg and was conducted according to the
national regulations and GCP/ICH guidelines.

Fourteen male adults with XLHED were included
(age range 18 to 58 years, mean 33.3 years) and
compared with 6 healthy control subjects aged 23 to
47 years. Written informed consent was obtained
from all participants. Additionally, 12 male children
with XLHED (age range 6-13 years) together with 6
unaffected boys (age range 7 to 13 years) were
investigated. Meibography and non-invasive meas-
urement of tear film break-up time (NIBUT) were also
performed in 8 infants with XLHED (between 0 and
35 months old). For all children, written informed
consent was given by the parents.

Adults and older children were asked to fill in the
ocular surface disease index (OSDI) questionnaire. For
younger children, the questions if applicable were
answered by their parents. The OSDI score was
calculated according to Schiffman et al.8 A score

above 12 points was taken as an indicator for dry eye
disease.

Slit lamp examinations were performed using a
DigiPro3 system (bon Optic, Lübeck, Germany). For
the younger children a hand-held slit lamp (Zeiss,
Jena, Germany) was used. Then, a battery of tear film
tests was applied starting with non-invasive tests and
ending with the most invasive Schirmer-I test.

Tear film stability was assessed by repeated non-
invasive measurement of tear film break-up time
using a Tearscope Plus (Keeler Instruments, Broomall,
PA).9 Time until the first dry spot after one blink
was determined, and the mean of at least two values
was used for analysis. A break-up time below 10 s was
interpreted as pathologic result.7

Tear osmolarity was measured with the Tearlab
device (Bonoptic).10 A tear sample of 50 nl was taken
under the slit lamp from the temporal tear meniscus.
The higher value of the two eyes was used for
analysis. Osmolarity above 311 mOsml/L was con-
sidered as abnormal.10

Meibography, the transillumination of the lid, was
used to detect a lack of Meibomian glands.11,12 Only
the lower eyelid was examined. After eversion of the
lid, the architecture of the Meibomian gland was seen
under the slit lamp (Figure 1). Fewer than 10 meibo-
mian gland ducts/openings per eyelid were con-
sidered abnormal.

The ocular surface was investigated with two dyes.
Lissamine green indicates areas which are not covered
adequately by mucous components.13 A cut-off value
of 3 points according to van Bijsterveld14 was taken to
distinguish between normal and affected subjects.
Fluorescein (5 ml of a 2% solution) as a marker for the
uncovered intercellular spaces was applied especially
to the corneal epithelium. A grading above 2 points is
indicative for dry eye disease.

The Schirmer-I test was performed by placing a
standard filter paper in the temporal lower lid and
measuring how much of it was moisturized during
5 min. The lower value of the two eyes was used for
analysis. A moisturized paper length under 10 mm
was interpreted as pathologic result.

For routine ophthalmic tests, receiver operating
characteristic (ROC) curves were used to re-evaluate
given cut-off values in our study population.

Infrared thermography15 to assess the tear film
layer was performed by a representative of Infra-
Medic GmbH (Mörfelden-Walldorf, Germany). Stan-
dardized thermal measurement was taken from the
ocular surface and the lid apparatus with open and
closed lid. The CE-approved infrared equipment
included a Jenoptik Vario Cam HR infrared camera
with high accuracy and sensitivity (spatial resolution
384� 288 thermal sensor elements, thermal resolution
better than 0.3 mK). Evaluation and interpretation of
the thermal measurement data was done with Infra-
Medic’s expert software EXAM.

Diagnosis of Ectodermal Dysplasia 885
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RESULTS

Although only 10 of 14 male adults with XLHED and
4 of 12 affected male children reported a history of dry
eye problems (Table 1), symptoms of xerophthalmia
were more frequent, as indicated by OSDI scores412
in 12 adults and 5 children with XLHED.
Meibography was evaluated in all 14 affected adults,
in all 8 infants, but only in three of the 12 other
affected children, because the parents of the remain-
ing subjects considered it as too invasive for children.
Results were compared with those of five healthy
control subjects. In this restricted XLHED study
population, however, meibography always revealed
a significant lack or complete absence of meibomian
glands (Figure 1) and thus had 100% sensitivity and
specificity for identifying XLHED. Only up to three
meibomian gland ducts were detected in the lower
eyelid of XLHED patients, whereas all control subjects
showed more than 25 gland ducts/openings per
eyelid. The mean number of meibomian gland open-
ings in the lower eyelid of infants with XLHED
was 0.6.

Infrared thermography of the eye, which could be
evaluated in all individuals with XLHED, also yielded

a typical pattern for affected subjects (Figure 2). Both
in children and adults with XLHED, the average
peripheral corneal temperature was lowered to 33 �C.
The central region of the cornea was even colder and
the difference between centre and periphery of the
cornea rather large. The cold area in the central part of
the ocular surface had a diameter of several milli-
meters. Frequently we observed a steep temperature
gradient to the periphery of the eye (Figure 2). Control
subjects showed a higher temperature of the periph-
eral zone and a much smaller central zone, the
temperature of which was only slightly lower
(34 �C). In general, however, infrared thermography
was less sensitive (sensitivity of 85.7% for adults and
66.7% for children) than meibography or combin-
ations of established routine tests, e.g. OSDI + NIBUT
(Table 2).

In adult subjects, infrared thermography and OSDI
had a sensitivity of 85.7% each for identifying
XLHED, whereas increased tear osmolarity appeared
as a rather unspecific ophthalmic symptom. NIBUT
showed a moderate sensitivity of 71.4% with a
specificity of 100%. The remaining routine tests
(Lissamine green and fluorescein staining, Schirmer-
I test) were of minor sensitivity. In children, NIBUT

FIGURE 1 Meibography. Meibography was evaluated in 14 adults and 11 children with XLHED and in 5 control subjects. (A) Normal
transillumination pattern in a healthy subject with numerous meibomian gland ducts. (B) Lack of meibomian glands in an individual
with XLHED.

TABLE 1 Clinical characteristics of the study subjects.

Group Age (years) Body height (cm) Weight (kg)
History of dry
eye problems

Infants with XLHED (n = 8) 1.90 ± 1.05 83.56 ± 15.71 10.83 ± 3.37 2/8
Other children with XLHED (n = 12) 9.42 ± 2.47

p = 0.75
140.25 ± 20.41

p = 0.74
31.92 ± 13.83

p = 0.65
4/12

p = 0.25
Control children (n = 6) 9.83 ± 2.64 143.50 ± 16.68 34.98 ± 12.60 0/6
Adults with XLHED (n = 14) 33.29 ± 11.08

p = 0.95
178.50 ± 9.35

p = 0.31
77.82 ± 13.69

p = 0.05
10/14

p = 0.01*
Control adults (n = 6) 34.00 ± 10.35 184.67 ± 5.89 77.33 ± 5.47 0/6

*statistically significant.
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proved to be the only minimally invasive routine test
with relatively high sensitivity (Table 2). Tear film
break-up times were markedly reduced already in
infants with XLHED (values between 2 and 12.5
seconds) compared to the literature.16

Table 3 gives the results of ROC analyses suggest-
ing cut-offs for the routine tests which differ slightly
from those reported in the literature. NIBUT with a
cut-off of 18 s was found to be the best single test for
adults with a sensitivity and specificity of 100%
each (AUC = 1.00). For older children, OSDI with a
threshold of 3 points was considered superior for
identifying XLHED with a sensitivity of 91.7% and a
specificity of 100% (AUC = 0.972).

DISCUSSION

This study focussed on the known association
between XLHED and ocular surface disease. In
relation to potentially life-threatening deficits of
XLHED patients such as hypohidrosis, xerophthalmia
is certainly a minor problem. The eye, however, may
serve as an indicator, as it is easily accessible for
diagnostic tests and could help to detect multiorgan
diseases, including XLHED, before other test results
are available.

FIGURE 2 Infrared thermography of the eye. Infrared thermography was evaluated in all 14 adults and 12 children with XLHED and
in 5 control subjects. Evaporation of tears which reduces the temperature of the ocular surface is indicated by local color changes.
(A, B) Normal infrared thermography pattern. (C, D) Infrared thermography pattern of an individual with XLHED showing
a relatively cold eye with an unusual temperature gradient between centre and periphery (temperature decline towards the cornea)
and a large cold region in the central part of the ocular surface. Color bars in A and C indicate the temperature range from528 �C
(black) to 35 �C (red). Figure 2 can be viewed in color online at http://informahealthcare.com/cey.

TABLE 2 Detection of X-linked hypohidrotic ectodermal
dysplasia by ocular screening tests.

Test
Sensitivity
(%) / CIw

Specificity
(%) / CIw

Meibography
Children + Infants 100/67.6–100 No controls

tested
Adults 100/78.5–100 100/56.6–100

NIBUT
Children 72.7/46.6–89.1 100/61.0–100
Adults 71.4/45.3–88.3 100/61.0–100

OSDI
Children 41.7/19.4–68.1 100/61.0–100
Adults 85.7/60.1–96.0 100/61.0–100

Infrared thermography
Children 66.7/39.1–86.2 Only one control

tested
Adults 85.7/60.0–100 100/51.0–100

Osmolarity
Children 66.7/30.3–90.5 100/56.6–100
Adults 76.9/49.8–91.9 100/61.0–100

Schirmer’s Test
Adults 66.7/39.1–86.2 100/61.0–100

Lissamine green staining
Children 33.7/6.3–79.4 100/43.9–100
Adults 42.9/21.4–67.5 100/61.0–100

OSDI + NIBUT
Children 94.7/56.9–96.5 100/28.4–100
Adults 97.9/78.1–99.5 100/27.6–100

Confidence intervals were calculated using Wilson’s interval.30
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A well-defined group of male individuals with
genetically confirmed XLHED was investigated. As
ocular manifestations of XLHED are known to be
present already in early childhood,6 the broad age
spectrum of our cohort should not preclude the
evaluation of particular diagnostic approaches for
‘‘screening’’ purposes. In addition, the course and
severity of ocular surface disease might be addressed.
Statistical analysis, however, was limited by the
relatively small size of our cohort due to the rarity
of XLHED.

To identify individuals with dry eye symptoms, the
OSDI is the least invasive and easiest test to use,
which may also apply to children. A questionnaire
filled in by parents may provide very useful data,
although it must be taken into account that children
tend to report fewer dry eye symptoms than adults
with similar severity of xerophthalmia.17 This is also
reflected by the results of our ROC analysis suggest-
ing an OSDI cut-off in children of only three points.
As a second step, meibography, the transillumination
of the eyelid to visualize meibomian glands, seems to
be the method of choice to recognize a congenital
absence or a severe lack of meibomian glands in the
lid, which is typical for XLHED, as specific reason for
xerophthalmia. Meibography proved even more sen-
sitive than tear film tests for detecting XLHED.
This is consistent with the findings of a previous
study on genetically unclassified ectodermal dyspla-
sia patients.5 As meibography always requires ever-
sion of the lid, it appears less suitable for routine
examinations of young children. In children with
suspected hypohidrotic ectodermal dysplasia, how-
ever, it should nevertheless be considered and sug-
gested to the parents as the best ophthalmic method to
confirm the diagnosis. For young children, meibogra-
phy with a hand-held device as reported by Arita
et al.18 or with an infrared video camera as described
by Pult and Riede-Pult19,20 may be preferable, which

also requires eversion of the lid but avoids contact
with a second instrument.

The severity of XLHED-associated ocular surface
disease seems to depend mainly on the number of
residual meibomian glands.21 Functional importance
of these glands was first discussed with respect to
another form of ectodermal dysplasia: the EEC
(ectrodactyly, ectodermal dysplasia, clefting) syn-
drome.22 Later reports described the absence or
reduced numbers of meibomian glands for anhidrotic
and hypohidrotic ectodermal dysplasia.23,24 The
severe consequences of this anomaly are also evident
in the Tabby mouse model of XLHED,25 where ocular
surface problems occur already at an age of nine
weeks.

Infrared thermography of the eye visualizes the
coverage of the ocular surface by an intact tear film
and provides useful information about temperature
gradients at the ocular surface. In XLHED subjects,
the corneal temperature was found to be markedly
reduced. This can be indicative for a higher evapor-
ation as a sign of the underlying tear film disorder,
while a small central zone, which is only slightly
colder than the periphery, suggests an intact tear film.
The typical thermography pattern described in this
study may thus allow an easy and completely non-
invasive distinction between XLHED subjects and
healthy controls. Thermography has been used as a
simple and quick screening method also in patients
with other ocular conditions leading to xerophthal-
mia26,27 and proved to identify dry eyes reliably. In
our study, however, the method was less sensitive
than meibography, particularly in children.

NIBUT can be measured easily and was found to be
the most reliable among the established diagnostic
approaches for adults. In infants with XLHED, tear
film break-up times were much lower than those
reported by Isenberg et al.16, indicating that this test
may help to detect XLHED already soon after birth.

OSDI and NIBUT may be recommended both for
children and adults as the most suitable routine tests
based on predefined thresholds or our ROC analysis.
All tests that involve the collection of tears, e.g.
measurement of tear osmolarity, are more invasive.
The same applies to the use of dyes such as Lissamine
green or fluorescein. For diagnostic purposes com-
binations of several tests have been recommended,7

among which a combination of OSDI and NIBUT
appears to be sufficient to detect XLHED with very
high sensitivity.

Since the prevalence of XLHED is very low, while
dry eye symptoms are common, further studies will
aim at comparing XLHED patients with subjects
suffering from xerophthalmia due to other conditions.

In conclusion, tear film tests and ocular surface
staining certainly provide important information on
severity and course of ocular surface disease in
individuals with known XLHED, but meibography

TABLE 3 Results of ROC curve analyses for standard
ophthalmic tests. NIBUT and OSDI are the best single tests for
identifying XLHED both in children and adults.

Test

Cut-off
from ROC

curves
Sensitivity

(%)
Specificity

(%) AUC

NIBUT
Children 13 s 90.91 100.00 0.970
Adults 18 s 100.00 100.00 1.000

OSDI
Children 3 points 91.67 100.00 0.972
Adults 7 points 92.86 100.00 0.976

Osmolarity
Children 306 mOsmol/l 66.67 100.00 0.733
Adults 305 mOsmol/l 84.21 90.91 0.852

Schirmer’s Test
Adults 20 mm 83.33 100.00 0.958

Lissamine green staining
Adults 2.5 points 85.71 100.00 0.988
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is the ophthalmic test of choice in cases, where the
diagnosis has not yet been established or expensive
genetic tests are not available. This would facilitate
prevention of life-threatening hyperthermia and pos-
sibly allow early therapeutic intervention, e.g. admin-
istration of an ectodysplasin A replacement protein as
currently being evaluated in clinical trials (www.cli-
nicaltrials.gov NCT01775462 and NCT01992289).
Furthermore, if meibomian glands are missing, the
use of lipid-containing tear substitutes is indicated to
prevent corneal damage and impairment of
vision.28,29
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