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Objective: This study was the first to investigate the efficacy of long wave infrared (LWIR) imaging as a diagnostic tool
for ADHD. Method: This study was conducted to assess the sensitivity and specificity of LWIR imaging as a method of
diagnosis among 190 patients (ages 4.4-57 years) with various diagnoses, including ADHD, who came into our office for
neuropsychological evaluation. Results: LWIR imaging demonstrated a moderate level of sensitivity (65.71%) in identify-
ing patients with ADHD and a high level of specificity (94%) in discriminating those with ADHD from those with other
diagnoses. The overall classification rate was 73.16%. This was indicative of a high level of discriminant validity in distin-
guishing between patients with and without ADHD. There was a moderate level of agreement between LWIR imaging and
multiple other diagnostic tests for ADHD. Conclusions: LWIR imaging demonstrated high sensitivity and specificity as a
diagnostic tool for ADHD. These results provide evidence for the efficacy of a novel, quick, and effective way to investigate
the physiological basis of one of the most prevalent childhood psychiatric disorders. (J. of Att. Dis. 2009, 13(1) 56-65)

Keywords: long wave infrared imaging (LWIR); ADHD; diagnosis; validity; sensitivity; specificity

DHD is one of the most common neurodevelop-

mental disorders of childhood (Brown et al., 2001;
Spencer, Biederman, Wilens, & Faraone, 2002; Vaidya,
2005), with a prevalence rate of 7.8% (11% for males,
4.4% for females) in the United States (Centers for
Disease Control, 2005). In 2003, approximately 4.4 mil-
lion children aged 4 to 17 years were reported to have an
ADHD diagnosis; 2.5 million (56%) were receiving
medication for this disorder.

Despite its prevalence, accurate diagnosis remains
somewhat elusive. Furman (2005) outlined the guide-
lines recommended by the American Academy of Child
and Adolescent Psychiatry (AACAP) for initial evalua-
tion of ADHD as follows: (a) parent interview including
the child’s and family’s history, (b) use of standardized
rating scales, (c) school information including the results
of academic assessment, (d) psychiatric child diagnostic
interview, (e) family diagnostic interview, (f) compre-
hensive physical exam, and (g) referral for additional
testing if required.

Although experts recommend the use of structured or
semistructured interviews for the assessment of ADHD
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(Lahey & Wilcutt, 2002), there is a paucity of research
investigating the accuracy of ADHD diagnosis on the
basis of the clinical interview. Pelham, Fabiano, and
Massetti (2005) reviewed reliability and validity data for
two structured interviews: the Diagnostic Interview for
Children and Adolescents—Revised (Reich, Shayka, &
Taibleson, 1991) and the Diagnostic Interview Schedule
for Children (Shaffer, Fisher, Lucas, Dulcan, & Schwab-
Stone, 2000). Internal consistency and test-retest reli-
ability coefficients ranged from .60 to .90. They also
noted that parents’ assessments are more accurate for
older children and that agreement between parents and
children is quite low (kappas range from .01 to .34). The
semistructured interviews they reviewed, the Kiddie
Schedule for Affective Disorders and Schizophrenia
(Orvaschel, 1985) and the Child and Adolescent Psy-
chiatric Assessment (Angold & Costello, 2000), did not
have reliability data specifically for ADHD assessment.
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Pelham et al. (2005) concluded that structured interviews
provide no incremental validity or utility over using
parent and teacher ratings. They require a significant
amount of clinician and parents’ time, making them too
costly in most clinical situations.

Wolraich et al. (2004) investigated the impact of inter-
rater reliability on the diagnosis of ADHD by teachers
and parents. Elementary school children (n = 6171) were
screened to identify children at risk for ADHD (n =
1573) according to teacher ratings. Findings of the study
indicated low agreement between parent and teacher
reports of ADHD symptoms as rated on Diagnostic and
Statistical Manual of Mental Disorders, 4th edition
(DSM-1V)-based questionnaires: Inattentive (r = .34, Kk =
.27), Hyperactive/Impulsive (r = .27, k¥ =.22), and
Performance Impairment (r = .31, k¥ = .07).

Gualtieri and Johnson (2005) described the use of com-
puterized continuous performance tests (CPTs) to assess
vigilance and sustained attention as part of a standard
evaluation for ADHD. The Conners’ CPT and the Test of
Variables of Attention (TOVA) were reported to be the
most frequently used CPTs. The Conners’ CPT and TOVA
each have sensitivity levels (rate of identifying attentional
deficits in children diagnosed with ADHD) equal to 85%.
However, high rates of false positives (30%) in normal
controls and children with other psychiatric disorders
(28%) have been reported for the TOVA. Schatz,
Ballantyne, and Trauner (2001) compared the sensitivity
and specificity of the TOVA and Conners’ Rating Scales.
They reported a sensitivity of 85.7% for the TOVA and
78.6% for the Conners’ Hyperactivity Index. The specific-
ity of the TOVA was 70%, whereas it was found to be
100% for the Conners’ scale in this particular study.
However, these numbers are likely overestimates as the
specificity was not compared with any other psychiatric
groups, only normal controls. Furthermore, parents who
completed the Conners’ scales already knew whether their
children had ADHD from previously being diagnosed.
Others have reported low rates of sensitivity (72.7%) and
specificity (46%) for the Intermediate Visual and Auditory
(IVA)-CPT (Pan, Ma, & Dai, 2007) and that CPTs gener-
ally have acceptable levels of sensitivity, though poor
specificity (Riccio & Reynolds, 2001). Others have found
that CPTs add no diagnostic utility of ADHD (McGee,
Clark, & Symons, 2000).

Preston, Fennell, and Bussing (2005) assessed the
degree to which the TOVA distinguished children with
ADHD (n = 116) from children with subclinical levels of
attention/behavior problems (n = 51). Findings of the
research indicated that there were no significant differ-
ences between the groups. Therefore, CPT performance
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did not reliably predict group membership. Gualtieri and
Johnson (2005) also described CPT tests (such as the
TOVA and Conners’) as lacking acceptable levels of
test—retest reliability, reporting low levels of specificity
and sensitivity.

The AACAP’s final recommendation for additional
testing refers to neuropsychological evaluation, which
also has been demonstrated to be inadequate. Chhabildas,
Pennington, and Willcutt (2001) compared the neuropsy-
chological profiles on the DSM-IV subtypes of ADHD.
Participants included 4 groups of children (mean age =
10.32 to 12.00 years): (a) controls without ADHD (n = 82),
(b) inattentive subtype of ADHD (ADHD-IA; n = 67),
(c) hyperactive—impulsive subtype of ADHD (ADHD-HI;
n = 14), and (d) combined ADHD subtype (ADHD-C;
n = 33). Neuropsychological tests of vigilance (Gordon
Diagnostic System), processing speed (Wechsler Intelli-
gence Scale for Children Coding; Trail Making Test),
and inhibition (Stroop Task) were administered to assess
the discriminant validity of these measures. Findings
indicated that inattention best predicted performance on
all dependent measures. Children with ADHD-HI had no
significant deficits when the subclinical symptoms of
inattention were controlled. Symptoms of inattention
rather than hyperactivity appear to be associated with
neuropsychological impairment. Therefore, neuropsy-
chological assessment alone did not have discriminant
validity in predicting the categorical dimensions of
ADHD subtypes (Chhabildas et al., 2001).

Kaplan and Stevens (2002) reviewed neuropsychologi-
cal as well as neuroimaging studies of ADHD. Studies
conducting neuropsychological testing of individuals with
ADHD indicated normal performance on many neuropsy-
chological measures; however, performance on tasks of
memory and vigilance may be impaired. As a result, some
neuropsychological tests provide sensitivity in distin-
guishing cognitive deficits and severity of impairment, but
they may lack specificity in differentiating ADHD from
other psychiatric disorders with similar symptoms.

Because clinician interviews, CPTs, rating scales, and
neuropsychological testing all have been found to be less
than adequate in making an accurate diagnosis, clini-
cians are seeking a more objective method to identify
ADHD. Although there is no objective test of ADHD,
evidence indicates a neurobiological basis for the disor-
der based on deficits in the prefrontal cortex and related
subcortical systems. Functional neuroimaging methods
are now being employed to investigate this neurobio-
logical basis.

Monastra et al. (2005) reviewed research on the
quantitative electrophysiology of ADHD. A common
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electrophysiological pattern is underactivity over the
frontal, central, and midline cortical regions in 85% to
90% of patients with ADHD. Another pattern is exces-
sive activity or hyperarousal over frontal regions in indi-
viduals with ADHD. This profile was common in
patients who did not respond well to stimulant medica-
tion and may represent a clinical syndrome which devi-
ates from the more common ADHD subtype. Quantitative
electroencephalography (QEEG) may be the best method
of diagnosis known to date. Chabot, Merkin, Wood,
Davenport, and Serfontein (1996) showed that QEEG
could be used to distinguish between children with spe-
cific developmental learning disorders and children with
ADHD as well as from a normal population with levels
of accuracy between 85% and 95%. Furthermore, QEEG
was found to reliably distinguish between children who
respond favorably to dexamphetamine from those who
respond to methylphenidate.

Although neuroimaging research has found differences
in multiple brain regions (Castellanos et al., 2002), per-
haps the most well-recognized and established neuroim-
aging research reveals evidence of abnormalities in frontal
system function. The neural networks of the anterior brain
are known to contain the major components for attentional
and executive functioning (Fuster, 1997), whereas the
prefrontal cortex regulates planned behavior in the form of
integration of actions. Damage to this region is character-
ized by syndromes of impulsive and disinhibited behavior
(Kaplan & Stevens, 2002). In ADHD, the prefrontal cortex
is reduced in size, especially in the right hemisphere.
Reduced white matter volumes have been noted in the
right anterior brain regions in the prefrontal cortex and
corpus callosum (Filipek et al., 1997).

A review of single photon emission computed tomog-
raphy (SPECT) and positron emission tomography (PET)
studies of brain metabolism in ADHD indicated low meta-
bolic activity in the frontal and striatal regions during
auditory tasks and hyperperfusion in the frontal and pari-
etal areas as well as the limbic region (Vaidya, 2005).
Others have found dysfunction in the anterior cingulate
cortex in both adults (Bush et al., 1999) and children
(Levesque, Beauregard, & Mensour, 2006) with ADHD.

Functional magnetic resonance imaging (fMRI) stud-
ies have revealed reduced brain activation in the right-
hemispheric mesial frontal cortex during two higher order
motor control tasks (Rubia et al., 1998). ADHD was asso-
ciated with decreased activation of the prefrontal system
which regulates higher order motor control. Recently,
fMRI research studies have also investigated the rest-
ing-state brain function in ADHD. Cao et al. (2006)
found that boys with ADHD showed decreased regional

homogeneity in frontal—striatal-cerebellar regions during
the resting state. Investigations of the resting-state low-
frequency fluctuations in blood oxygen level dependent
fMRI have demonstrated that ADHD patients exhibit
abnormally high levels of functional connectivity between
dorsal anterior cingulate cortex and bilateral regions of
thalamus, cerebellum, insula, and pons (Tian et al. 2006).
Others have found decreased amplitude of low-frequency
fluctuations during a resting state in boys with ADHD in
right inferior frontal cortex and bilateral cerebellum
(Zang et al., 2007). Amplitude was increased, however, in
right anterior cingulate cortex, left sensorimotor, and
bilateral brainstem. Zhu et al. (2008) found that resting-
state fMRI (85%) was significantly more accurate at dis-
criminating ADHD than structural gray matter analyses
(55%). Specifically, they found that prefrontal cortex,
anterior cingulate, and the thalamus were identified as
abnormal in ADHD subjects.

A more recently developed neuroimaging technique,
which is somewhat similar to fMRI, is near infrared
spectroscopy (NIRS). This technology uses light in the
near infrared range (700-1000 nanometers) to determine
cerebral oxygenation, blood flow, and metabolic pro-
cesses of the brain (National Institute of Neurogical
Disorders and Stroke, 1997). Light in this range can pass
through skin, bone, and other tissue relatively easily and
enter the head through light emitting diodes in a head-
band placed on the forehead. Detectors in the headband
can measure light which is reflected back based on
known absorption properties of oxygenated and deoxy-
genated hemoglobin.

As opposed to other neuroimaging techniques (fMRI,
PET), NIRS studies have the benefit of being used in
more ecologically valid settings. Hada, Abo, Kaminaga,
and Mikami (2006) used NIRS to detect changes in cere-
bral blood flow following stimulation of primary motor
cortex with repetitive transcranial magnetic stimulation.
They observed greater decrements in total- and oxyhe-
moglobin concentrations and increment of deoxyhemo-
globin during and after repetitive transcranial magnetic
stimulation. This study was of notable importance
because of problems related to temporal resolution and
magnetic field artifacts caused by TMS with other imag-
ing techniques including PET, SPECT, and fMRI.

Although still a relatively new technique, numerous
studies have been conducted to validate the use of NIRS
through comparison with other functional neuroimaging
procedures such as fMRI and PET (Mehagnoul-Schipper
et al., 2002; Villringer et al. 1997). Mehagnoul-Schipper
et al. (2002) conducted a simultaneous fMRI/NIRS study
in both healthy young and elderly subjects to investigate
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the effects of age on cortical activation responses.
Participants performed a finger-tapping task in which
they tapped as quickly as possible. Blood oxygen level
dependent fMRI and NIRS measurement showed
good correlations with both the young (r = —.70) and
the elderly (r = —.82). NIRS measurements demon-
strated age-dependent decreases in task-related cerebral
oxygenation responses.

Although NIRS has greater ecological validity than
fMRI, it still requires direct contact with the subject.
However, a similar, newly developed technology which
still uses infrared light but is contact free is thermoen-
cephaloscopy, a form of long wave infrared (LWIR)
imaging. LWIR reveals activated (heated) and deacti-
vated (cooler) regions of cerebral cortex through thermo-
vision and image processing techniques which are
sensitive to neural activity, local metabolism, local cere-
bral blood flow, and thermoconductivity of activated
zones of cortex (Shevelev, 1992, 1998). This technique
has a temporal resolution of 40 milliseconds (ms), spatial
resolution of up to 70 x 70 wm pixel™ (Shevelev, 1998).
LWIR imaging has been used during intraoperative pro-
cedures on 30 neurosurgical patients (Ecker et al., 1999),
including provision of real-time perfusion imaging dur-
ing neurovascular surgery, localization of seizure foci
corresponding to electrocorticographically mapped areas,
identification of functional cortex during resection and
cortical stimulation, and localization of brain tumors.
Recently, Iznak and Nikishova (2007) used this tech-
nique in a group of depressive patients, demonstrating
functional changes in frontal associative areas of the
right hemisphere to emotionally significant visual stim-
uli. Other uses of LWIR imaging have included assessing
myocardial blood flow (Adachi, Becker, & Ambrosio,
1987) and detection of breast cancer (Anbar, Milescu, &
Naumov, 2001).

We propose that LWIR imaging may be used as a
diagnostic tool to accurately identify patients with
known brain dysfunction; and in this case, those with
ADHD. LWIR imaging is useful for several reasons.
First, it is a biological marker, as it measures brain activ-
ity. This takes out much of the bias that comes from the
subjectivity of both the clinician’s evaluation as well as
parents’ ratings. Specifically, LWIR imaging measures
brain activity in the prefrontal cortex, an area previously
shown to be affected in ADHD and involved in attention,
executive functioning, and able to differentiate those
with ADHD from those without based on resting-state
activity. In addition, no physical contact is necessary,
unlike with NIRS, and the images are obtained in just a
few seconds.
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Coben and Padolsky (in press) recently assessed the
test—retest stability of LWIR imaging measured at both
60-second and 30-minute intervals. They demonstrated
high correlations for all LWIR measures performed, with
mean correlation coefficients of .903, indicating a high
degree of reliability.

Our study investigated the diagnostic accuracy of
LWIR imaging in identifying deficits of frontal activa-
tion as reflected by thermoregulation within frontal
brain regions. Here, we provide initial research on the
validity of LWIR imaging as an assessment instrument.
Specifically, we assessed the clinical utility based on the
sensitivity and specificity of LWIR imaging as a diag-
nostic tool for identifying and differentiating ADHD
from other diagnoses.

We hypothesized that LWIR imaging over the pre-
frontal cortex would identify patients with a known diag-
nosis of ADHD. Furthermore, we hypothesized that it
would be able to differentiate patients with a diagnosis of
ADHD from patients with other diagnoses.

Methods

Participants

A total of 190 patients (141 male, 49 female) with
various diagnoses, who came into our clinic between
January 2004 and March 2006 participated. Of them,
171 were Caucasian, 9 were African American, 8 were
Hispanic, one was Indian, and one was Asian. The mean
age was 16.2 years (SD = 11.7), with only 29 patients
older than the age of 21 years. Overall, 140 patients had
a diagnosis of ADHD. The remaining 50 had various
diagnoses which included other developmental disor-
ders, concussion, cerebrovascular accident, depressive,
and anxiety disorder.

Procedure

A diagnostic interview was conducted with the patients
to ascertain the core behavioral, cognitive, and social/
emotional issues of concern as part of a comprehensive
neurodevelopmental history. Consent was obtained and
procedures were explained. All participants underwent
LWIR imaging at our neuropsychological clinic as part of
our standard evaluation procedure. A positive LWIR diag-
nosis of ADHD was operationally defined as the minimum
thermal reading over Fpz (the most frontal midline elec-
trode based on the international 10-20 system of electrode
placement; Jasper, 1958) lower than the average tempera-
ture of the entire prefrontal area of an individual subject
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Table 1
Specifications for Thermo Vision A20M

Field of view
Detector type

25° degrees x 19°/0.3 m

Focal plane array (FPA) uncooled
microbolometer

7.5-13 um

At 50/60 Hz: 0.12°C at 30°C

12°C or 22%

Individually settable

Spectral range

Thermal sensitivity

Accuracy (% of reading):

Individual emissivity
settings

Measurement corrections  Reflected ambient, distance, relative
humidity, external optics. Automatic,
based on user input

AC operation: AC adapter 110/220
VAC; 50/60 Hz (included). DC
operation: 12/24 V nominal, <6W

Power source

Note: Specifications were obtained from FLIR Systems (2005a).

by 1.5 SD. This area was chosen because it is the most
anterior location of the frontal lobes and is in front of the
anterior cingulated gyrus, shown to be implicated in
ADHD. This data was then compared with the true diag-
nosis, determined by a combination of a battery of neurop-
sychological tests, rating scales, interview by a licensed
clinical psychologist (R.C.), the IVA continuous perfor-
mance test, and QEEG.

Measures

LWIR imaging is an assessment tool that uses an
infrared video system to record thermal images of mul-
tiple brain regions rather than just one area. Research
indicates that LWIR imaging of thermal activity is a
valid and reliable measure of brain activity, metabolic
processes, and regional cerebral blood flow (Carmen,
2002; Coben, 2005a, 2005b; Coben, Carmen, & Falcone,
2005; Toomim et al., 2004).

A ThermoVision A20M camera from FLIR Systems
(2005a) was used for infrared Imaging (please refer to
Table 1 for camera specifications). As part of the imaging
procedure, the camera (mounted on a tripod) was
set up approximately one and a half feet from the patient
and aimed at their face. The video camera records tem-
peratures from one and a half feet from the patient’s fore-
head, allowing it to measure multiple points at once while
the subject is at rest. Near infrared, in contradistinction
typically requires the individual to perform some cogni-
tive task. The thermal image was projected onto a screen
(please refer to Figure 1). Specifications programmed into
the camera included: emissivity (.90), distance (1.5 ft.),
reflected temperature (72), ambient temperature (72),

Figure 1
Infrared Imaging System Projecting
a Thermal Image

atmospheric transmission (1), humidity (50%), external
optic temperature (68), external optic transmission (1),
and reference temperature (68).

Images from the camera are downloaded onto a com-
puter for analysis using Thermocam Researcher (FLIR
Systems, 2005b). The software calculates the specific
temperatures by measuring the amount of radiation the
camera receives from the object being measured. The
components of the image which undergo analysis are
selected by the researcher. The image is cropped by
selecting various points over the forehead. These points
are then automatically connected by the program, which
then provides a mean and standard deviation of the tem-
perature in the area selected. Thermal images are color
coded and range from black with the least thermal output
to red with the greatest thermal output. Figure 2 demon-
strates an LWIR image from a child with ADHD. It
shows the typical profile with an area of diminished ther-
mal output at the frontal midline, which exemplifies why
we have chosen that location for the operational defini-
tion of ADHD.

Data Analysis

The sensitivity of LWIR was evaluated by determin-
ing the number of patients correctly identified as ADHD
out of all patients. This was computed by dividing the num-
ber of cases with ADHD identified by LWIR imaging (true
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Figure 2
Individual ADHD Subject Showing Reduced
Thermal Activity at Fpz

positives, TP) by the number of cases with ADHD identi-
fied by LWIR imaging (true positives) plus those cases
that LWIR imaging did not identify (false negatives,
FN), but really did have ADHD. The diagnosis of ADHD
by LWIR was defined as the minimum thermal reading
over Fpz being 1.5 SD lower than the average prefrontal
temperature. In other words, the average prefrontal tem-
perature was first calculated. A diagnosis of ADHD
would then be made if the temperature over Fpz was
more than one and a half standard deviations below the
average temperature of the prefrontal area. The true con-
dition was defined by the measures stated above in the
procedures section. A chi-square test was used to evalu-
ate the significance of the results as well as a kappa sta-
tistic to determine the degree of agreement between
LWIR imaging and the actual diagnosis. A false negative
rate () was computed as § = FN/(TP + FN).

The specificity of LWIR imaging was defined by how
well it correctly identified those cases that did not have a
diagnosis ADHD. This was computed by dividing the
number of cases without ADHD identified by LWIR
imaging by the number of cases without ADHD identified
by LWIR imaging plus those cases identified by LWIR
imaging as having an ADHD diagnosis when in fact they
did not. The true diagnosis was again determined by
a combination of a battery of neuropsychological tests,
rating scales, interview by a licensed clinical psychologist
(R.C.), the IVA continuous performance test, and QEEG.
A chi-square test was computed to assess the significance
of the results. Finally, a false positive (FP) rate (o) was
computed as oo = FP/(FP + TN).
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Results

Ninety-two patients were identified by LWIR imag-
ing as positive for a diagnosis of ADHD (minimum
thermal reading over Fpz 1.5 SD lower that the average
prefrontal temperature). The sensitivity (rate of cor-
rectly identifying patients with ADHD) of LWIR imag-
ing as a diagnostic measure was 65.71% (92 out of 140),
resulting in a false negative rate of 34.29%. Further
analyses using the chi-square test yielded significant
findings, ¥*(1) = 52.55, p < .001. A kappa value of .463
was significant (r = 7.25, p < .001), indicating a moder-
ate degree of agreement.

The specificity of LWIR imaging was 94% (47 true
negatives/47 true negatives plus 3 false positives), with a
false positive rate of 6%, indicating a high level of dis-
criminate validity in accurately distinguishing between
patients with ADHD, comorbid, and non-ADHD diagno-
ses. Thus, the overall accuracy of this technique was
73% ([92 + 47]/190).

Discussion

LWIR imaging has been found to be a reliable assess-
ment procedure which is sensitive to brain activation as
indicated by thermoregulation (Coben & Podalsky, in
press). In our study, the clinical utility, sensitivity, and
specificity of LWIR imaging as a diagnostic measure
was confirmed by correctly identifying a higher rate of
patients (92 out of 140; 65.71%) with ADHD than
reported by most other diagnostic measures. The speci-
ficity of IR imaging was 94% (47 of 50), indicating a
high level of discriminant validity in accurately distin-
guishing between patients with ADHD, comorbid, and
non-ADHD diagnoses.

All of the current approaches to ADHD diagnosis
have limitations. CPTs have been found to have high
rates of false positives (30%) in normal controls and
children with other psychiatric disorders (28%; Gualtieri
& Johnson, 2005). Wolraich et al. (2005) reviewed limi-
tations of rating scales, such as only moderate levels of
agreement between teacher and parent ratings. In addi-
tion, both structured and semistructured interviews have
been shown to have levels of reliability as low as .60
(Pelham et al., 2005), and neuropsychological testing has
poor discriminant validity (Chhabildas et al., 2001).
Current research indicates that the best identifiers of
ADHD are those that use a biological marker. Quintana,
Snyder, Purnell, Aponte, and Sita (2007) recently con-
ducted a comparison of rating scales with EEG in the
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diagnosis of children with suspected ADHD. Although
rating scales had acceptable levels of sensitivity (81%),
they proved to be quite nonspecific (22%) in their ability
to discriminate between children with symptoms associ-
ated with ADHD and children with an actual diagnosis
of ADHD. EEG once again demonstrated both high lev-
els of sensitivity (94%) as well as a high level of speci-
ficity (100%). The level of accuracy we achieved (73%)
is one of the highest levels of any current diagnostic
measure. Used in conjunction with other methods, par-
ticularly QEEG because it has demonstrated high valid-
ity already, IR imaging may contribute to more accurate
diagnosis, thereby enhancing treatment.

Previously, both PET and fMRI studies have shown
frontal areas to be differentially activated in ADHD as
compared with non-ADHD children. Although this was
the fist time LWIR imaging was used to measure brain
activity in a population with ADHD, a recent study
showed that NIRS was used to show differences in oxy-
hemoglobin and deoxyhemoglobin in boys with ADHD
(Weber, Lutschg, & Fahnenstich, 2005), specifically in
frontal areas. Non-ADHD children showed lateralized
oxygen consumption in left prefrontal areas during an
extended attention task, whereas ADHD diagnosed chil-
dren showed an imbalance between oxygenated and
deoxygenated blood during such tasks. Although we
were unable to use a control site to compare with frontal
activation, our findings contribute to evidence implicat-
ing the importance of the prefrontal cortex in attentional
processes by using a specific frontal area (Fpz) to iden-
tify participants with an attentional disorder.

Because this is the first study utilizing this technique,
many more studies need to be conducted before imple-
menting its use in clinical practice. Given the reliability
and validity of LWIR imaging, this tool appears to be a
good candidate for use as a measure of outcome in treat-
ment studies. It may even be able to facilitate treatment,
as QEEG was shown to discriminate patients who
responded to different medications (Chabot et al., 1996).
Future studies should also address whether LWIR imag-
ing can differentiate between children with ADHD and
children with subclinical levels of attention problems.

Clinical Implications

This is the first study of its’ kind to demonstrate the
utility of LWIR imaging in the diagnosis of ADHD. The
data produced in this study are the first to investigate
the use of this technique for the accurate classification of
ADHD quickly, easily, and cost efficiently. As with all
psychiatric disorders with no definitive biological marker,

a diagnosis of ADHD will always have a certain amount
of subjectivity and bias. The use of LWIR imaging may
help clinicians make a more accurate diagnosis by elimi-
nating some of this subjectivity. This technique is just
one of the many tests which examine the physiological
basis of ADHD. Interviews and rating scales can only
account for a limited amount of the variance in an accu-
rate diagnosis. Using imaging techniques such as QEEG,
SPECT, fMRI, and LWIR will move us closer to a more
biologically based assessment of ADHD.

Identifying patients with ADHD often requires exten-
sive time and effort for both the patient and clinician;
including interviews, rating scales, and behavioral tests
such as a CPT. LWIR imaging is simple for both the
clinician and patient. Imaging may be completed in as
little as 15 seconds and does not require the patient to
do anything while being imaged. This fact is important
because measurements do not depend on the full coop-
eration or effort of the child. Determining the level of
effort children put forth on a long and tedious test such
as a CPT is often a highly confounding variable when
performance is poor. Finally, the facility and prompt-
ness of administration are likely to reduce many of the
health care costs associated with traditional diagnostic
procedures.

Limitations

Several factors limit the generalizability of our find-
ings, most of which are related to our study participants.
First, our sample was self-selected based on the typical
group of patients seen at our office. Future studies should
use a population of school children to increase the eco-
logical validity of these findings. There was also no
randomization of patients, another factor that should be
taken into account in future research.

These studies were conducted primarily with adoles-
cents, so further research is needed to investigate whether
these results would generalize to adults. However,
because ADHD is classified as a developmental disorder
and symptoms must be present before age 7, this is a
good age group with which to begin such an investiga-
tion. There were large age ranges in this study due to the
inclusion of all patients who came for evaluation. When
eliminated from the data analysis, age did not appear to
be a factor mitigating against the sensitivity of the tech-
nique (i.e., we were able to use the technique success-
fully on all aged participants). Despite a wide age range
across participants, the high reliability scores indicate
that LWIR produces consistent measures in various age
groups (Coben & Padolsky, in press).
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There were a greater number of males than females in
our studies, limiting the generalizability to females.
Again, this represents a true gender difference in the
prevalence of ADHD, so this is not a great detriment.
Our study also contained a preponderance of Caucasians.
Future studies are needed to determine whether other
ethnic groups would have obtained similar results. Also,
the comparison group used to determine the specificity
of LWIR imaging included numerous different diagno-
ses. Future studies are needed to look at other ethnic
groups and the ability to distinguish between those with
ADHD, those with no diagnosis, or some of the more
common specific neurodevelopmental disorders. Finally,
a limitation of LWIR itself is that it is not possible to
measure nonfrontal sites, as infrared light does not pass
through hair.

This study was the first to investigate the validity of a
new diagnostic tool, which may identify a biological/
physiological marker of ADHD. LWIR has the benefit of
cutting down on the subjectivity of rating scales and the
problems associated with psychometric tests (e.g., effort).
We found the sensitivity and specificity to be accurate in
this population. Thus, used in conjunction with existing
methods of diagnosis, we may be able to improve the
accuracy of diagnosing ADHD and other neurodevelop-
mental disorders.

References

Adachi, H., Becker, L. C., & Ambrosio, G. (1987). Assessment of
myocardial blood flow by real-time infrared imaging. Journal of
Surgical Research, 43, 94-102.

Anbar, M., Milescu, L., & Naumov, A. (2001). Detection of cancer-
ous breasts by dynamic area telethermometry. [EEE Engineering
in Medicine and Biology Magazine, 20, 80-91.

Angold, A., & Costello, E. J. (2000). The Child and Adolescent
Psychiatric Assessment (CAPA). Journal of the American Academy
of Child and Adolescent Psychiatry, 39, 39-48.

Brown, R. T., Freeman, W. S., Perrin, J. M., Stein, M. T., Amler, R.
W., Feldman, H. M., et al. (2001). Prevalence and assessment of
attention-deficit/hyperactivity disorder in primary care settings.
Pediatrics, 107, 1-18.

Bush, G., Frazier, J. A., Rauch, S. L., Seidman, L. J., Whalen, P. J.,
Jenike, M. A., et al. (1999). Anterior cingulate cortex dysfunction
in attention-deficit/hyperactivity disorder reveal by fMRI and the
counting stroop task. Biological Psychiatry, 45, 1542-1552.

Cao, Q., Zang, L., Sun, L., Long, X., Zou, Q., & Wang, Y. (2006).
Abnormal neural activity in children with attention deficit hyper-
activity disorder: A resting state-functional magnetic resonance
imaging study. Neuroreport, 17, 1033-1036.

Carmen, J. A. (2002, September). Passive infrared hemoencephalog-
raphy: Four years and 100 migraines later. Paper presented at the
10th annual conference of the International Society for Neuronal
Regulation, Scottsdale, AZ.

Coben, Myers / Long Wave Infrared Imaging 63

Castellanos, F. X., Lee, P. P., Sharp, W., Jeffries, N. O., Greenstein,
D. K., Clasen, L. S. et al. (2002). Developmental trajectories of
brain volume abnormalities in children and adolescents with
attention-deficit/hyperactivity disorder. Journal of the American
Medical Association, 288, 1740-1748.

Centers for Disease Control. (2005). Mental health in the United
States: Prevalence of diagnosis and medication treatment for
attention deficit/hyperactivity disorder—United States, 2003.
Retrieved May 24, 2006, from http://www.cdc.gov/mmwr/
preview/mmwrhtml/mm5434a2.htm

Chabot, R. J., Merkin, H., Wood, L. M., Davenport, T. L., &
Serfontein, G. (1996). Sensitivity and specificity of QEEG in
children with attention deficit or specific developmental learning
disorders. Clinical Electroencephalography, 27, 26-33.

Chhabildas, N., Pennington, B. F., & Willcutt, E. G. (2001). A
comparison of the neuropsychological profiles of the DSM-IV
subtypes of ADHD. Journal of Abnormal Child Psychology, 29,
529-540.

Coben, R. (2005a, September). Passive infrared hemoencephalogra-
phy for traumatic brain injury. Paper presented at the 13th annual
conference of the International Society of Neuronal Regulation,
Denver, CO.

Coben, R. (2005b, September). Assessment-guided neurofeedback for
autistic spectrum disorder. Paper presented at the 13th Annual
Conference of the International Society of Neuronal Regulation,
Denver, CO.

Coben, R., Carmen, J., & Falcone, A. (2005, September).
Advances in infrared imaging. Paper presented at the 13th annual
conference of the International Society of Neuronal Regulation,
Denver CO.

Coben, R., & Padolsky, L. (in press) Infrared imaging and neurofeed-
back: Initial reliability and validity. Journal of Neurotherapy.

Ecker, R. D., Goerss, S. J., Meyer, F. B., Cohen-Gadol, A. A,
Britton, J. W., & Levine, J. A. (1999). Vision of the future: Initial
experience with intraoperative real-time high-resolution dynamic
infrared imaging (Technical Note). Journal of Neurosurgery, 97,
1460-1471.

Filipek, P. A., Semrud-Clikeman, M., Steingard, R. J., Renshaw, P. F.,
Kennedy, D. N., & Biederman, J. (1997). Volumetric MRI analy-
sis comparing subjects having attention deficit hyperactivity
disorder with normal controls. Neurology, 48, 589-601.

FLIR Systems (2005a). ThermoVision A20M technical specifications.
Retrieved March 9, 2006, from http://www.flirthermography.com/
cameras/infrared_camera_complete/1032/

FLIR Systems (2005b). ThermaCAM researcher user’s manual pro-
fessional edition Version 2.8.

Furman, L. (2005). What is attention-deficit hyperactivity disorder
(ADHD)? Journal of Child Neurology, 20, 994-1003.

Fuster, J. M. (1997). The prefrontal cortex: Anatomy, physiology, and
neuropsychology of the frontal lobe. Philadelphia: Lippincott-Raven.

Gualtieri, C. T., & Johnson, L. G. (2005). ADHD: Is objective diag-
nosis possible? Psychiatry, 2, 1-14.

Hada, Y., Abo, M., Kaminaga, T., & Mikami, M. (2006). Detection of
cerebral blood flow changes during repetitive transcranial mag-
netic stimulation by recording hemoglobin in the brain cortex, just
beneath the stimulation coil, with near-infrared spectroscopy.
Neuroimage, 32, 1226-1230.

Iznak, A. F.,, & Nikishova, M. B. (2007). Thermoencephaloscopy of
brain responses to emotionally significant visual stimuli in depres-
sive patients. Human Physiology, 33, 132-134.

Downloaded from jad.sagepub.com at NORTH CAROLINA STATE UNIV on March 18, 2015


http://jad.sagepub.com/

64 Journal of Attention Disorders

Jasper, H. H. (1958). The ten-tweny electrode system of the
International Federation. Clinical Neurophysiol, 10, 713-719.
Kaplan, R. F., & Stevens, M. C. (2002). A review of adult ADHD:
A neuropsychological and neuroimaging perspective. CNS

Spectrum, 7, 355-362.

Lahey, B. B., & Wilcutt, E. G. (2002). Validity of the diagnosis and
dimensions of attention-deficit hyperactivity disorder. In P. S Jensen
& J. R Cooper (Eds.). Attention deficit hyperactivity disorder:
State of the science—best practices (pp. 1.1-1.23). Kingston, NJ:
Civic Research Institute.

Levesque, J., Beauregard, M., & Mensour, B. (2006). Effect of
neurofeedback training on the neural substrates of selective atten-
tion in children with attention-deficit/hyperactivity disorder:
A functional magnetic resonance imaging study. Neuroscience
Letters, 394, 216-221.

McGee, R. A., Clark, S. E., & Symons, D. K. (2000). Does the
Conners’ continuous performance test aid in ADHD diagnosis?
Journal of Abnormal Child Psychology, 28, 415-424.

Mehagnoul-Schipper, D. J., van der Kallen, B. F., Colier, W. N., van
der Sluijs, M. C., van Erning, L. J., Thijssen, H. O., et al. (2002).
Simultaneous measurements of cerebral oxygenation changes dur-
ing brain activation by near-infrared spectroscopy and functional
magnetic imaging in healthy youth and elderly subjects. Human
Brain Mapping, 16, 14-23.

Monastra, V. J., Lynn, S., Linden, M., Lubar, J. F., Gruzelier, J., &
LaVaque, T. J. (2005). Electroencephalographic biofeedback in
the treatment of attention-deficit/hyperactivity disorder. Applied
Psychophysiology and Biofeedback, 30, 95-114.

National Institute of Neurogical Disorders and Stroke (1997).
Workshop on near infrared spectroscopy in infants and children.
Retrieved April 14, 2009, from http://www.ninds.nih.gov/news_
and_events/proceedings/nirs_workshop.htm

Orvaschel, H. (1985). Psychiatric interviews suitable for use in
research with children and adolescents. Psychopharmacology
Bulletin, 21, 737-745.

Pan, X. X., Ma, H. W, & Dai, X. M. (2007). Value of integrated
visual and auditory continuous performance test in the diagnosis
of childhood attention deficit hyperactivity disorder. Chinese
Journal of Contemporary Pediatrics, 9, 210-212.

Pelham, W. E., Fabiano, G. A., & Massetti, G. M. (2005). Evidence-
based assessment of attention deficit hyperactivity disorder in
children and adults. Journal of Clinical Child and Adolescent
Psychology, 34, 449-476.

Preston, A. S., Fennell, E. B., & Bussing, R. (2005). Utility of a CPT in
diagnosing ADHD among a representative sample of high-risk chil-
dren: A cautionary study. Child Neuropsychology, 11, 459-469.

Quintana, H., Snyder, S. M., Purnell, W., Aponte, C., & Sita, J.
(2007). Comparison of a standard psychiatric evaluation to rating
scales and EEG in the differential diagnosis of attention-deficit/
hyperactivity disorder. Psychiatry Research, 152, 211-222.

Reich, W., Shayka, J. J., & Taibleson, C. (1991). Diagnostic inter-
view for children and Adolescents-DSM-III-R version (parent
form). St. Louis, MO: Washington University, Division of Child
Psychiatry.

Riccio, C. A., & Reynolds, C. R. (2001). Continuous performance
tests are sensitive to ADHD in adults but lack specificity. A review
and critique for differential diagnosis. Annals of the New York
Academy of Sciences, 931, 113-139.

Rubia, K., Overmeyer, S., Taylor, E., Brammer, M., Williams, S.,
Simmons A., et al. (1998, December). Hypofrontality in attention

deficit hyperactivity disorder (ADHD) during higher order motor
control: A study with fMRI. Paper presented at the 5th Internet
World Congress on Biomedical Sciences, McMaster University,
Canada.

Schatz, A. M., Ballantyne, A. O., & Trauner, D. A. (2001). Sensitivity
and specificity of a computerized test of attention in the diag-
nosis of attention-deficit/hyperactivity disorder. Assessment, 8,
357-365.

Shaffer, D., Fisher, P., Lucas, C. P., Dulcan, M. K., & Schwab-Stone,
M. E. (2000). NIMH Diagnostic Interview Schedule for Children
Version IV (NIMH DISC-IV): Description, differences from
previous versions, and reliability of some common diagnoses.
Journal of the American Academy of Child and Adolescent
Psychiatry, 39, 28-38.

Shevelev, 1. A. (1992). Temperature topography of the brain:
Thermoencephaloscopy. Brain Topography, 5, 77-85.

Shevelev, 1. A. (1998). Functional imaging of the brain by infrared
radiation (thermoencephaloscopy). Progress in Neurobiology, 56,
269-305.

Spencer, T. J., Biederman, J., Wilens, T. E., & Faraone, S. V. (2002).
Overview and neurobiology of attention-deficit disorder. Journal
of Clinical Psychiatry, 63, 3-9.

Tian, L., Jiang, T, Wang, Y., Zang, Y, He, Y., Liang, M., et al. (2006).
Altered resting-state functional connectivity patterns of anterior
cingulate cortex in adolescents with attention deficit hyperactivity
disorder. Neuroscience Letters, 400, 39-43.

Toomim, H., Mize, W., Kwong, P. C., Toomim, M., Marsh, R,
Kozlowski, G. P, et al. (2004). Intentional increase of cerebral
blood oxygenation using hemoencephalography (HEG): An effi-
cient brain exercise therapy. Journal of Neurotherapy. 8, 5-21.

Vaidya, C. J. (2005). Brain imaging of attention deficit hyperactivity
disorder: What have we learnt? Cognition, Brain, Behavior, 9,
287-300.

Villringer, K., Minoshima, S., Hock, C., Obrig, H., Ziegler, S.,
Dirnagl, U., et al. (1997). Assessment of local brain activation. A
simultaneous PET and near-infrared spectroscopy study. Advances
in Experimental Medicine and Biology, 413, 149-153.

Weber, P., Lutschg, J., & Fahnenstich, H. (2005). Cerebral hemody-
namic changes in response to an executive function task in chil-
dren with attention-deficit hyperactivity disorder measured by
near-infrared spectroscopy. Journal of Developmental and
Behavioral Pediatrics, 26, 105-111.

Wolraich, M. L., Wibbelsman, C. J., Brown, T. E., Evans, S. W.,
Gotlieb, E. M., Knight, J. R., et al. (2005). Attention-Deficit/
Hyperactivity Disorder among adolescents: A review of diag-
nosis, treatment, and clinical implications. Pediatrics, 115,
1734-1746.

Wolraich, M. L., Lambert, E. W., Bickman, L., Simmons, T., Doffing,
M. A., &Worley, K. A. (2004). Assessing the impact of parent and
teacher agreement on diagnosing attention-deficit hyperactivity
disorder. Journal of Developmental and Behavioral Pediatrics,
25, 41-47.

Zang, Y. E, He, Y., Zhu, C. Z., Cao, Q. J., Sui, M. Q., Liang, M.,
et al. (2007). Altered baseline brain activity in children with ADHD
revealed by resting state functional MRI. Brain & Development,
29, 83-91.

Zhu, C. Z., Zang, Y. E,, Cao, Q. J., Yan, C. G., He, Y., Jiang, T. Z.,
et al. (2008). Fisher discriminative analysis of resting state-brain
function for attention-deficit/hyperactivity disorder, Neurolmage,
40, 110-120.

Downloaded from jad.sagepub.com at NORTH CAROLINA STATE UNIV on March 18, 2015


http://jad.sagepub.com/

Robert Coben is a clinical neuropsychologist in private prac-
tice at Neurorehabilitation & Neuropsychological Services.
He conducts neuropsychological as well as QEEG evaluations
and provides neurotherapy in the treatment of his patients. He
conducts research in the area of diagnostic and therapeutic
uses of EEG and infrared imaging.

Coben, Myers / Long Wave Infrared Imaging 65

Thomas E. Myers is a doctoral student in clinical neuropsy-
chology at the Graduate Center of the City University of
New York at Queens College and a research assistant at
Neurorehabilitation & Neuropsychological Services.

Downloaded from jad.sagepub.com at NORTH CAROLINA STATE UNIV on March 18, 2015


http://jad.sagepub.com/

