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Context: Trichotillomania is an Axis I disorder charac-

terized by repetitive, pathological hair pulling.
Objective: To assess the integrity of white matter tracts
in subjects with the disorder.
Design: Between-group comparison using permutation cluster analysis, with stringent correction for multiple comparisons.
Setting: Academic psychiatry department.
Participants: Eighteen volunteers meeting DSM-IV cri-

teria for trichotillomania and 19 healthy control subjects.
Main Outcome Measures: Fractional anisotropy (measured using diffusion tensor imaging), trichotillomania
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disease severity (Massachusetts General Hospital Hairpulling Scale score), and dysphoria (MontgomeryAsberg Depression Rating Scale score).
Results: Subjects with trichotillomania exhibited significantly reduced fractional anisotropy in anterior cingulate, presupplementary motor area, and temporal cortices. Fractional anisotropy did not correlate significantly
with trichotillomania disease severity or depressive mood
scores.
Conclusions: These data implicate disorganization of
white matter tracts involved in motor habit generation
and suppression, along with affective regulation, in the
pathophysiology of trichotillomania.
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RICHOTILLOMANIA IS A NEU-

ropsychiatric disorder characterized by the repetitive
pulling out of one’s own
hair, leading to noticeable
hair loss and significant functional impairment.1 Although the phenomenon of
hair pulling has been recognized for centuries, appearing in works attributed to
Hippocrates and described more recently
by the French dermatologist Hallopeau,2
it has only recently been subjected to psychiatric scrutiny.3 Indeed, one of the first
case series to explore pathological hair
pulling was published in the Archives of
General Psychiatry in the 1960s.4 Since
then, trichotillomania has been included
in the DSM-IV as an impulse control disorder, alongside pyromania, kleptomania, and pathological gambling.1
Relatively little is known of the epidemiology and phenomenology of trichotillomania. Based on a college student
sample, lifetime prevalence was estimated to be 0.5% to 2% depending on how
strictly DSM-IV criteria were applied.5 An-
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other study reported that 3.9% of students in a college sample met DSM-IV criteria for trichotillomania.6 According to the
current DSM-IV criteria, hair pulling is associated with growing tension beforehand and relief, gratification, or pleasure
afterward. Survey data suggest that trichotillomania is associated with impediments in forming (and maintaining) social relationships, family life, work
productivity, and sports.7,8 Trichotillomania typically begins in adolescence and is
thought to be more preponderant in
women, since the overwhelming majority of clinical trial recruits have been female.9 Individuals with trichotillomania
may pluck hair from any body site, but they
most frequently pluck from the scalp, eyebrows, and/or eyelashes. Trichotillomania can be viewed as a pathological grooming behavior alongside pathological nail
biting and skin picking.10
The nosological status of trichotillomania and its relationship to other Axis I
disorders remain in dispute. People with
trichotillomania show unexpectedly high
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rates of obsessive-compulsive disorder (OCD) and vice
versa,11,12 and first-degree relatives of patients with OCD
show unexpectedly high rates of grooming behaviors including trichotillomania.13 Given this overlapping familiarity and that both conditions are associated with pathological habits that are difficult to suppress, it has been
suggested that trichotillomania represents a member of
the putative obsessive-compulsive spectrum.14-17 Also,
trichotillomania bears phenomenological similarities with
Tourette syndrome in that hair pulling and tics are both
often stereotyped, are commonly preceded by an urge to
undertake the behavior, and are followed by a sense of
relief.18
Various imaging techniques and neurocognitive approaches have proven fruitful in the context of OCD, leading to the generation of a neurobiological model of the
disorder emphasizing abnormalities in the orbitofrontal
cortices (OFCs), posterior parietal cortices, and caudate.19 There have been very few such applications to
trichotillomania to compare brain structure in those with
trichotillomania with that of healthy control subjects. Most
structural imaging studies of trichotillomania to date have
used region-of-interest approaches and, by virtue of the
analysis techniques used and sample sizes, have not had
sufficient power for results to withstand multiple comparisons. Early research found that trichotillomania was
associated with reduced putamen volumes20 (as has also
been reported for Tourette syndrome21), although another trichotillomania study was negative in this regard.22 Other imaging studies of trichotillomania reported reduced gray matter in the left inferior frontal
gyrus23 and reduced cerebellar volumes.24 More recently, whole-brain analysis identified increased gray matter densities in the left caudate/putamen, bilateral cingulate, and right frontal cortices.25
Although these studies implicate structural abnormalities within particular gray matter regions, it is not
known whether trichotillomania is also associated with
aberrant connectivity of white matter tracts between these
particular nodes of frontostriatal circuitry. Information
regarding dysconnectivity of white matter tracts would
be important from several perspectives in addition to informing the nosological issues described earlier. The
symptoms of trichotillomania are particularly suited to
translational modeling, being overt and relatively
simple—as opposed, for example, to intrusive thoughts
in OCD and often complex compulsions therein.25 Translational approaches to the study of hair pulling and aberrant grooming have yielded several promising animal
models argued to capture aspects not only of trichotillomania but also of obsessive-compulsive spectrum disorders more broadly.26,27 Furthermore, pharmacological
treatment studies of trichotillomania have been disappointing, and improved understanding of the neurobiology could inform novel treatment directions.28 Lastly,
based on familial data and the only twin study of its kind
to date, it is likely that genetic influences are considerable in the disorder.29 Brain-based markers are ideally
placed to serve as candidate endophenotypes to help elucidate these as-yet-unknown genetic mediators of risk.30
Diffusion tensor imaging (DTI) is a magnetic resonance imaging (MRI) technique that allows for the in-

direct assessment of the integrity of white matter tracts31
by means of measurement of the extent and direction of
water diffusion within the brain. When unconstrained,
water molecules diffuse randomly in all directions and
thus exhibit isotropy. Within white matter tracts, the
movement of water molecules is physically constrained
along the direction of tracts by sheaths of myelin, a phenomenon referred to as anisotropy, which is represented as an ellipsoid in tensor form.32,33 Reduced fractional anisotropy (FA), indicating more isotropic diffusion,
is characteristic of damaged and/or disorganized white
matter tracts.34
The aim of this study was to assess the integrity of white
matter tracts in subjects with trichotillomania compared with healthy control subjects. In particular, we
sought to conduct an analysis across all white matter tracts
within the brain using DTI alongside recently validated
and statistically powerful methods of permutation cluster analysis to ensure stringent corrections for multiple
comparisons.35-38 Substantive tiers of research support the
view that the generation and top-down suppression of
motoric habits are mediated by distributed circuitry including the right frontal cortex, bilateral anterior cingulate cortices, and motor/motor association cortices.39,40
Aberrant structure and function of these regions have been
implicated in the pathophysiology of both trichotillomania41 and tics.42 It was hypothesized that trichotillomania would be associated with disorganized white matter tracts, ie, reduced FA, within the white matter tracts
connecting these regions.
METHODS
Subjects with trichotillomania were recruited via advertisements on support Web sites and healthy volunteers were recruited via media advertisements in the United Kingdom. Interested persons contacted the study team and were asked to
complete a medical questionnaire, which was returned via post
or e-mail. The questionnaire inquired about past and current
diagnosis of psychiatric disorders, any medications and psychotherapy received, possible contraindications to MRI, and
demographic details (a copy is available from us on request).
Questionnaires were screened by a member of the study team;
when inclusion criteria (listed later) were provisionally met,
this was confirmed by inviting subjects to attend a clinical interview. Eight potential trichotillomania recruits were excluded from participation prior to interview (4 for presence of
and/or receiving treatment for depression; 2 for contraindications to MRI; and 2 for not fulfilling DSM-IV criteria for trichotillomania).
The interview included the Mini International Neuropsychiatric Inventory,43 a well-validated screening tool for Axis I
disorders. The Mini International Neuropsychiatric Inventory
was supplemented with additional questions relating to DSM-IV
criteria for the impulse control disorders (including trichotillomania) and history of diagnosed Axis I conditions. The interview also included assessment of verbal IQ (using the National Adult Reading Test)44 and levels of depressive mood
(Montgomery-Asberg Depression Rating Scale [MADRS]).45 Disease severity in subjects with trichotillomania was quantified
using the Massachusetts General Hospital (MGH) Hairpulling
Scale.46,47
Trichotillomania cases were enrolled on the basis of meeting DSM-IV criteria for the disorder, being free from clinically
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significant levels of depression (not fulfilling DSM-IV criteria
for major depressive disorder and having MADRS scores ⬍10),
and being free from psychological and psychopharmacological treatment for at least 6 months. Trichotillomania inclusion
criteria also required absence of comorbid OCD, pyromania,
kleptomania, and pathological gambling. Control subjects were
recruited on the basis of freedom from Axis I disorders according to the Mini International Neuropsychiatric Inventory and
absence of clinically significant levels of depression (not fulfilling DSM-IV criteria for major depressive disorder and having MADRS scores ⬍10). Exclusion criteria across all participants were history of serious head injury, history of substance
abuse, history of neurologic disorders (including epilepsy and
tics), contraindication to MRI, and National Adult Reading Test
IQ less than 90. Additionally, subjects with significant macroscopic structural brain abnormalities on MRI (eg, lesions, masses,
evidence of cerebrovascular events) according to a consultant
radiologist independent of the research group were excluded.
Conventional MRI data from this sample were reported previously.25

NEUROIMAGING
The MRI scans were acquired using a 1.5-T GE Signa system
(GE Healthcare, Milwaukee, Wisconsin) at the Department of
Radiology, Addenbrooke’s Hospital, Cambridge, England. Diffusion-weighted imaging data were acquired (25 directions) with
slice thickness of 4 mm, temporal resolution of 12 seconds, echo
time of 93 milliseconds, matrix size of 128⫻128, field of view
of 30⫻24 cm, and B value of 1000 s/mm2. One volume without diffusion weighting (b=0) was also acquired. To provide a
reference for normalization, axial 3-dimensional T1-weighted
images were obtained using a spoiled gradient recall sequence
with slice thickness of 2 mm, temporal resolution of 33 milliseconds, echo time of 3 milliseconds, field of view of 24 cm,
flip angle of 40°, and matrix size of 256⫻256.

STATISTICAL ANALYSES
Potential differences in demographic characteristics between
the 2 study groups were investigated using independent sample
t tests, with significance defined as P⬍.05 uncorrected. Methods of imaging preprocessing and analysis have been validated previously and are described in depth in our previous
DTI OCD study.36 First, brain tissue was extracted using the
Brain Extraction Tool in FSL software (FMRIB Centre, Department of Clinical Neurology, University of Oxford, Oxford, England; http://www.fmrib.ox.ac.uk/fsl/).48 Brain maps for each
of the 25 directions were eddy corrected subsequent to which
FA values were calculated at each voxel using the FSL FMRIB
Diffusion Toolbox. The b=0 images were coregistered with the
structural T1-weighted image for each person, the same coregistration parameters were applied to the FA maps, each individual’s T1-weighted image was normalized to the statistical
parametric mapping T1 template (in Montreal Neurological Institute [MNI] standard space), and the same normalization parameters were then applied to the coregistered FA images. Thus,
each individual’s FA maps were converted into MNI space using
SPM5 software (Wellcome Department of Imaging Neuroscience, London, England). Next, the FA images were smoothed
with an 8-mm full-width at half-maximum Gaussian kernel, and
a white matter mask was used to restrict the search volume for
analysis to mitigate multiple comparisons. The white matter
mask was created by binarizing the statistical parametric mapping a priori white matter template to a binary mask, ie, thresholding each voxel at 50% white matter to define white matter
regions for analysis.

An analysis of covariance model was then fitted at each intracerebral voxel in standard space using those images generated via the procedures described earlier. The null hypothesis
of there being no significant difference in FA between the 2
groups was tested using permutation analysis at the level of spatially contiguous 3-dimensional voxels, implemented in Cambridge Brain Activation software version 2.3.0 (Brain Mapping Unit, Department of Psychiatry, University of Cambridge,
Cambridge, England; http://www-bmu.psychiatry.cam.ac
.uk/) and described in detail elsewhere.35,38 We used tight statistical correction such that the number of expected falsepositive identified clusters across the whole analysis was less
than 1. Clusters showing significant between-group differences were described in terms of (1) their peak coordinates in
MNI space and (2) the brain areas (Brodmann areas [BAs]) contained therein. Mean FA values for each subject for each identified cluster were extracted and presented in graphical form.
To investigate possible relationships between white matter abnormalities in trichotillomania and disease severity, correlational analyses (Spearman ) were undertaken between mean
FA and MGH Hairpulling Scale total scores across the trichotillomania cases. To assess possible relationships between white
matter integrity and subclinical dysphoria within each group,
similar correlational analyses were undertaken between mean
FA and MADRS total scores.
RESULTS

Twenty subjects with trichotillomania and 19 control subjects met provisional inclusion criteria and attended the
medical interview. None were excluded at the interview
stage. Clinically significant structural abnormalities were
identified in 2 subjects with trichotillomania, whose data
were excluded from the subsequent analyses. One subject had a signal hyperintensity of uncertain clinical significance in the basal ganglia; the other exhibited evidence of a previous brainstem event (ie, stroke) and was
urgently referred to her medical practitioner.
Demographic characteristics of the included sample
are shown in the Table, where it can be seen that the
groups did not differ significantly in terms of age, IQ, sex,
or handedness. The trichotillomania group showed mild
to moderate hair-pulling disease severity (MGH Hairpulling Scale scores) and significantly higher levels of depressive mood (MADRS scores) than healthy control subjects, as expected. One subject with trichotillomania met
criteria for current panic disorder and agoraphobia, but
the others were free from Axis I comorbidities as indexed by the screening interview.
Permutation analysis identified 3 clusters of brain regions in which there were significant FA differences between the 2 study groups (Figure). The group with
trichotillomania as compared with control subjects
showed abnormally reduced FA in distributed white matter tracts connecting the bilateral anterior cingulate cortices (BAs 24 and 32), the bilateral OFC (BA 11), the presupplementary motor area (pre-SMA) (BA 6), the left
primary somatosensory cortex (BA 2), and multiple temporal regions (BAs 20 and 44). Cluster 1 had peak MNI
coordinates of [−34, −42, 14] and a size of 1840 voxels
and included mainly left superior and middle temporal
regions. Cluster 2 had peak coordinates of [20, 26, 26]
and a size of 553 voxels and comprised the bilateral an-
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Table. Descriptive Characteristics of Subjects With Trichotillomania and Healthy Control Subjects
Characteristic
Age, mean (SD), y
Verbal IQ, mean (SD)
Sex, No.
Male
Female
Handedness, No.
Left
Right
MADRS score, mean (SD)
MGH Hairpulling Scale total score, mean (SD)
Age at symptom onset, mean (SD), y

Trichotillomania

Control

F Score

P Value

37.39 (11.65)
115.52 (7.11)

33.05 (9.09)
111.73 (9.20)

1.61
1.95
1.00

.21
.17
.32 a

1
17

3
16
0.30

.59 a

7.37
...
...

.01
...
...

3
15
3.17 (4.71)
15.11 (4.54)
11.89 (6.85)

2
17
0.21 (0.63)
...
...

Abbreviations: MADRS, Montgomery-Asberg Depression Rating Scale; MGH, Massachusetts General Hospital; ellipsis, not applicable.
a From 2 test.

terior cingulate cortices and OFC. Cluster 3 had peak coordinates of [−28, −18, 54] and a size of 138 voxels and
comprised mainly the left pre-SMA. There was no evidence for significant correlations between FA and trichotillomania disease severity, nor between FA and MADRS
scores (all P ⬎.20).
COMMENT

Although the concept of pulling out one’s hair is ingrained in the popular mindset, the neurobiology of pathological hair pulling as manifested in trichotillomania has
received scant research attention. To our knowledge, this
is the first study to explore the integrity of white matter
tracts in volunteers with the disorder. The key finding
was that trichotillomania was associated with reduced integrity of white matter tracts connecting the bilateral OFC
and anterior cingulate cortices, the left pre-SMA, and the
left temporal lobe (Figure). These abnormalities occurred in the absence of confounding effects of treatment (medications and psychotherapy) in a sample largely
free from comorbid Axis I disorders. Previous structural
imaging studies conducted in trichotillomania provided
mixed evidence to support the existence of gray matter
abnormalities in the putamen, anterior cingulate cortices, cerebellum, and frontal cortices.20,23,24 The current
data expand significantly on this prior work by implicating dysconnectivity in white matter tracts connecting neural regions involved in motor generation and
suppression as well as emotional processing in the pathophysiology.
Trichotillomania is characterized by a repetitive, often somewhat stereotyped motoric habit that is difficult
to suppress, and we previously reported impairment on
the well-validated stop-signal test of motor inhibition in
subjects with the disorder.49 Most white matter tracts
found to be abnormal in trichotillomania herein are
closely affiliated with gray regions mediating the generation and suppression of motor habits. The pre-SMA has
classically been associated, across species, with the
preparation and selection of movements and with highlevel functions relating to motor preparation.39 Indeed,
the pre-SMA is richly connected with prefrontal and other
nonprimary motor cortical areas, which are involved in

cognition.50,51 Multiple tiers of imaging evidence in humans suggest that the OFC and anterior cingulate cortices play cardinal roles in response suppression, working alongside other neural regions such as the right inferior
frontal gyrus and the pre-SMA to act as a break over ongoing behavior.42,52-57
We also identified white matter abnormalities within the
temporal cortex, which is important in aspects of mnemonic processing and emotional regulation. There is evidence for spatial working memory deficits in people with
trichotillomania.58,59 The temporal lobes, especially BA 20,
have been implicated in the processing of negative emotions.60 Emotional dysregulation is central to trichotillomania in that hair pulling is often associated with initial
tension and subsequent relief. It has been proposed that
hair pulling acts to moderate high-arousal (anxiety) and
low-arousal (boredom) states.61 Situations of emotional significance often act as hair-pulling triggers,62 and emotional factors appear to play a causal role in the etiology.62-64 Furthermore, the anterior cingulate, notably BA
24, is strongly implicated in the manifestation of mood disorders65 and represents the primary site for deep brain stimulation in treatment-resistant depressive cases.66
We did not find any significant correlations between
brain FA and past-week MGH Hairpulling Scale disease
severity, nor between FA and MADRS depressive mood
scores. Thus, the extent of DTI abnormalities did not bear
an overt relationship with current (past week) clinical
disease severity. The lack of significant correlation could
be owing to the relatively narrow range of MGH Hairpulling Scale and MADRS scores because subjects had
mild to moderate disease severity and were free from clinically significant depression. It may also be the case that
these white matter abnormalities represent a candidate
intermediate marker of disease vulnerability (ie, candidate endophenotype) that predisposes to repetitive habits but does not bear a direct relationship with severity
of disease.67 For example, in OCD, white matter tract abnormalities on DTI did not correlate with disease severity in patients and were also found in unaffected firstdegree relatives of patients in the absence of clinical
symptoms.36
It is potentially informative to compare these findings in trichotillomania with prior DTI studies con-
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ducted in related disorders, including DSM-IV impulse
control disorders, OCD, and Tourette syndrome. There
have been virtually no DTI studies in other impulse control disorders. Grant et al68 found evidence for reduced
white matter integrity in frontal tracts in subjects with
kleptomania but did not explore local abnormalities. Several studies have found decreased FA in cingulate regions in patients with OCD,69,70 but not consisently.36 Two
DTI studies have been performed in Tourette syndrome. The first study reported reduced corpus callosum connectivity in children with the disorder,71 while
the second, using whole-brain morphometry in adults,
reported bilateral FA increases in white matter underlying the postcentral and precentral gyri, below the left
supplementary motor area, and in the right ventroposterolateral part of the thalamus.72 Viewed collectively, these
findings implicate white matter abnormalities across these
related Axis I disorders but suggest that the neurobiology differs somewhat between them.
Two recruits with trichotillomania were excluded from
the current analysis owing to macroscopic structural brain
abnormalities detected during clinical screening. One subject had a white matter signal hyperintensity in the basal
ganglia, while the other had likely had a brainstem stroke.
Although our study cannot assess causation between these
brain abnormalities and the occurrence of trichotillomania, it is interesting to note that the proportion of trichotillomania cases exhibiting such abnormalities (approximately 10%) is greater than would have been expected
by chance alone.
This study has several positive features, notably that
it is the first to use DTI in trichotillomania, that it uses
permutation cluster analysis, and that subjects with trichotillomania were free from treatment for at least 6 months
prior to participation and for the most part were free from
Axis I comorbidities. However, several limitations should
be considered. Because we recruited from Web/media advertisements, there is the possibility of selection bias. We
do not yet know whether these findings in moderately
ill people recruited via advertisements and having few
comorbidities generalize to trichotillomania more broadly.
The imaging methods themselves have limitations such
as potential white matter tract misalignment and the use
of smoothing kernels.36 The ability to detect any significant correlational relationships between structural abnormalities and disease severity was likely constrained
by the narrow range of scores exhibited and by the fact
that we did not collect lifetime (only past week) severity
scores. Finally, we did not have access to subjects’ medical records; therefore, our strategy to elicit current Axis
I disorders and history of Axis I disorders was based on
self-completed questionnaire and subsequent clinical interview, which may have hindered the reliability to detect comorbidities in the past and present.
In addition to resolving these issues, future work
should also examine the neurobiological overlap between trichotillomania, other impulse control disorders, Tourette syndrome, and OCD. Diffusion tensor
imaging could be used in conjunction with functional
imaging (eg, functional MRI) to explore the relationship between white matter tract disorganization and dysfunction of particular nodes within the networks respon-

Subjects with
trichotillomania
Control subjects

∗

0.38
0.36
0.34
0.32
0.30

C

Cluster 1:
Left Temporal Lobe

Cluster 2:
Bilateral Anterior
Cingulate Cortices

Cluster 3:
Left Pre-SMA

5

10

15
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Figure. Regions exhibiting reduced white matter tract integrity (fractional
anisotropy [FA]) in subjects with trichotillomania compared with healthy
control subjects. A, Three-dimensional rendering of clusters with abnormally
low FA, created using Fos 3D engine for brain imaging (Medical Research
Council Cognition and Brain Sciences Unit, Cambridge, England). B, Mean FA
in each group for each of the 3 brain clusters. Arbitrary units are used. Error
bars indicate SEM; pre-SMA, presupplementary motor area. *Significant
difference between groups (P ⬍ .001). C, Transverse brain slices with
regions of reduced FA shown in red (numbers indicate z coordinates in
Montreal Neurological Institute space).

sible for habit suppression and affective regulation. Studies
should statistically compare abnormalities identified between groups of subjects with these purportedly related
clinical conditions.
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