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Context: In previous studies, patients with migraine and
tension-type headaches have shown asymmetries at the
central nervous system level. Aims: Hence we would like
to figure out whether the lateral cerebral dominance might
be more pronounced in the line bisection performance with
these patients. Settings and Design: Patients were enrolled
in a specialized headache clinic and healthy volunteers
from a community as controls. Materials and Methods:
The visual line bisection is used to test the unilateral neglect
of subjects. Altogether, we studied 28 patients with chronic
tension-type, 16 frequent episodic tension-type headache,
31 migraine patients without aura between attacks and 146
healthy volunteers. Statistical Analysis: One-way ANOVA
was applied to the mean Index and Net of line bisection errors
and the Spearman rank order to the relationship between the
Index, Net, subject’s age and time since onset of head pain.
Results and Conclusions: As reflected by group means of
Index of line bisection errors, healthy subjects and migraine
patients bisected slightly rightward. Conversely, both forms
of tension-type headache sufferers bisected significantly
leftward compared to the healthy subjects as well as the
migraine sufferers. The study indicates relatively strong right
or weak left hemisphere activation or both in the two forms
of tension-type headaches, confirming the central nervous
system alterations in such patients.
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Migraine and tension-type headaches are two common
forms of primary headache. Migraine is characterized
by a unilateral head pain location, pulsating quality,
moderate or severe intensity, aggravation by routine
physical activity and association with nausea,
photophobia or phonophobia. Tension-type headache
is characterized by a whole scalp pressing or tightening
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pain, mild to moderate intensity, but not aggravation by
routine physical activity and seldom associated with
nausea, photophobia or phonophobia.[¥! Although the
exact mechanisms of these primary headaches are still
not fully understood at present, several cerebral or
brainstem structures might be involved.** In addition,
a functional cerebral asymmetry in these headaches has
been reported. For instance, despite the controversies of
EEG data obtained in migraine, a group of investigators!®!
enrolled 22 patients with migraine without aura, 20
with migraine with aura and 20 age-matched controls
and did find an increased left occipital EEG activity
during and between migraine attacks, which might
denote a hyperactive left hemisphere in this headache
type. The absolute right-left amplitude ratio of pattern-
visual evoked potentials was higher in migraine
between attacks.® The lateralized pain in relation to the
lateralized brainstem activation after glyceryl trinitrate
in migraine” and a hypoactivity of the orbitofrontal
region in the analgesic-overuse migraine!® have also
been demonstrated using PET imaging. Moreover,
pupillary sympathetic hypofunction and asymmetry
were reported in both chronic tension-type headache
and migraine.

Whether these asymmetries are due to the pain
experienced remains unknown. Some physiological
studies do show that the right hemisphere is more
activated than the left by painful stimuli.' In a
somatosensory evoked potential study, the earlier
components were higher when the stimulation was
applied to the ipsilateral side of the facial pain.'!! In
right-handed patients with complex regional pain
syndrome, cortical representation of the pain-affected
hand was significantly smaller than that of the
contralateral healthy hand.!"?

In healthy subjects, the right hemisphere plays a
special role in processing the cognitive components of
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social-emotional information, in attention, reasoning
and decision-making. The left hemisphere, on the
other hand, is involved in aggression, risk-taking and
inhibiting the right hemisphere through the corpus
callosum, an effect that increases with age.!** The
functional asymmetry of the cerebral hemispheres has
been clinically demonstrated in patients with right
hemispheric lesions who fail to attend, report or respond
to stimuli (visuospatial neglect) in one hemispace and
which cannot be attributed to primary sensory or motor
deficits.['

One very simple clinical test of unilateral neglect is
the visual line bisection.*®! A subject is presented with
a set of horizontal lines and asked to bisect each line
by making a mark in the middle. Lateral deviations
from the true center indicate relative inattention for the
contralateral side of space. In healthy subjects of the
Western world, a leftward error indicating a relatively
more active right hemisphere, has been consistently
reported;!*? this is in contrast with the rightward
error found in the Eastern culture such as in Japan.!”
Clinical research suggests that patients with unilateral
lesions consistently make errors that are directionally
specific. For example, errors to the right are more
pronounced in patients suffering from a lesion of the
right hemisphere, especially involving the inferior
parietal and temporoparietal regions.[*%1

Although at present, there have been no reports
showing hemispherical lesions in migraine nor in
tension-type headache, the high aggression found
in migraine® and high submissiveness (which is
comparable to low aggression) in frequent episodic
tension-type headache® might imply cerebral
asymmetries in these headache types. We therefore
hypothesized that migraine sufferers would bisect lines
more rightward than healthy subjects and patients with
tension-type headaches. Considering that there is no
correlation between the side of the unilateral head pain
and the dominant hand?? and that in Chinese culture,
most people are trained to use their right hands as artful
ones in their lives,”® while such training in athletes
results in consistently rightward errors in line bisection
task,?*%! we selected moderate to strong right-handed
subjects in the present study.

Materials and Methods

Subjects

This study consisted of 221 Chinese subjects. The
healthy volunteers (n = 146) were recruited from
students, hospital staff or paid volunteers. After a semi-
structured clinical interview, they were ascertained not
to be suffering from any kinds of recurrent headaches.
The outpatients were recruited from a headache clinic,
diagnosed as suffering from either chronic tension-type
headache (CTH, n = 28), frequent episodic tension-type

headache (FETH, n = 16) or migraine without aura (n
= 31), according to the classification criteria of the
International Headache Society.! Subjects’ age and
gender distributions are summarized in Table 1. There
were more migraine women than men enrolled in this
study, which was in compliance with the epidemiological
findings.!* Patients suffering from mixed migraine plus
tension-type headaches were excluded from the study.
Migraine subjects were studied between attacks and
most CTH or FETH subjects complained of head pains
in the whole scalp. The time since onset of head pain
varied between three to 360 months in patients and
those for the migraine headache were over 6 months.
About 50% of patients had received their headache
prophylactic therapies before, but no participants had
ingested alcohol, drugs or medication for at least 72h
prior to the test. No significant group difference by age
(one-way ANOVA, main effect, F (3, 217) = 1.56, P
=0.20) was detected. This study protocol was approved
by the local ethics committee and all subjects gave their
written informed consent.

Handedness was determined using a Chinese
translation of the Edinburgh Handedness Inventory.?”!
Such an inventory has been used in a Chinese study
before./?®! Each of the 12 items of the inventory was
scored 1, 2 or 3 according to the left-hand, either left or
right or right preference. All subjects scored between
29 and 36 and were considered to be moderate or
strong right-handers. Their vision was either normal or
corrected to normal.

Procedures

All subjects were requested to bisect eight lines
without measuring or folding the paper. The lines,
drawn in black and oriented horizontally, ranged from
102-144mm in length, were arranged randomly on a
sheet of A4 size paper one below the other, differing
in their distances from the sheet margins so that their
centers were not in alignment. The response sheet was
always centered on the subject’s mid-sagittal plane. No
restrictions were placed on head or eye movements and
no time limits were imposed. Subjects were instructed
to use their right hand to make a mark indicating the
center of the line.

Data analyses and statistics
There are many classical methods to analyze the line

Table 1: Age (in years) and gender distribution in healthy
subjects, chronic type headache (CTH), frequent episodic
tension-type headache (FETH) and migraine sufferers

Mean age Age range Gender
Healthy subjects 29.0+8.9 17-47 72f,74 m
CTH 27773 17-41 9f,19m
FETH 30.7 £9.1 19-45 4f,12m
Migraine 32.1+86 17-48 26f,5m

Note: Repeated ANOVA did not detect any statistically significant differences of
age and gender distributions between groups; see text for detail
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bisection performance, for instance the percentage
expression of bias errors.*”! Here we used a method
developed by Drake and Ulrich.*" Briefly, the distance
of the line bisecting mark was measured from the actual
center to the nearest millimeter. The frequency of the
directional errors, irrespective of the magnitude, was
measured using the Index of the Line Bisection Error
(Index). This was calculated as (Right - Left)/ (Right +
Left); positive values indicate errors to the right and
negative ones indicate errors to the left. The magnitude
of line bisection deviation was calculated as the algebraic
sum of the distance of marks from the veridical center.
The statistic is called the Net of Bisection Errors (Net).
Positive values indicate errors to the right and negative
ones indicate errors to the left.

The mean Index and Net data in the four groups
were submitted to the repeated-measurement ANOVA
followed by Duncan’s multiple new range test. The
relationship between the Index, Net, subject’s age and
time since onset of head pain was assessed by the
Spearman rank order correlation test. When referring to
the group difference at an individual parameter, Cohen’s
d (effect size) was also calculated as a supplement
indicator for the variation magnitude. With the present
sample size, power to detect an effect was larger than
81.3% (one variable) at P<0.05 in a sample of 16 subjects
per group (the smallest group in the present study).

Results

On an average, healthy subjects and migraine sufferers
bisected slightly rightward, whereas patients with CTH
and FETH bisected slightly leftward. The individual
Index data were widely scattered in each group [Figure
1]. When referring to Index, ANOVA detected statistical
significance among the four groups (main effect, F [3,

217] = 4.39, P =0.005). The differences between groups
were confirmed by Duncan’s test. Gender effect was
not significant on the mean values of Index between
groups (F [3, 217] =.67, P =0.41). Compared to the
healthy controls (mean Index, 0.11%=0.50), both CTH
(-0.19 *£0.62, Cohen’s d = -0.60 vs. healthy controls)
and FETH (-0.17 *£0.50, d = -0.56) groups bisected
significantly leftward. Although the migraine group
bisected more rightward, their mean Index (0.22 +0.62,
d =0.22) was not significantly different from that of the
healthy controls. Both group means of Index of CTH (d
= -0.66 vs. migraine) and FETH (d = -0.64) were also
significantly different from that of migraine. Although
there were trends for the rightward preference of Net in
both CTH (Cohen’s d = -0.44 vs. the healthy controls)
and FETH (d = -0.41) compared to the healthy controls
or migraine, such differences did not reach the level of
statistical significance (main effect, F [3, 217] = 1.63,
P =0.18) [Figure 2].

Since patients with migraine were in the interictal
phase and most tension-type headache sufferers
localized head pains in the whole scalp, we did not
study the line bisection errors in respect to the right or
left scalp localization of pain. In 75 patients, there was
no significant correlation between the subject’s age and
Index (r =0.09, P =0.19) or Net (r =0.04, P =0.54), nor
between the time since onset of head pain and Index (r
=-0.06,P =0.37) or Net (r =0.00, P =0.96), nor between
headache frequency and Index (r = -0.09, P =0.18) or
Net (r = -0.02, P =0.79), nor between headache pain
severity and Index (r = -0.09, r =0.18) or Net (r = -0.05,
P =0.40).

Discussion

In compliance with our prediction, migraine sufferers
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Figure 1: Box and Whisker plot of individual Index of line bisection errors
in healthy subjects (controls, n = 146), chronic tension-type headache
(CTH, n = 28), frequent episodic tension-type headache (FETH, n = 16)
and migraine (n = 31) sufferers. Bars: minimum and maximum values;

filled circle: median value; box: quartile. Positive value indicates the
rightward bisection error, negative leftward

Figure 2: Net of line bisection errors in healthy subjects (controls,
n = 146), chronic tension-type headache (CTH, n = 28),
frequent episodic tension-type headache (FETH, n = 16) and migraine
(n = 31) sufferers. Square: mean; Error Bar: S.D. Positive value
indicates the rightward bisection error,
negative leftward
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bisected lines slightly rightward, which were similar
to the healthy subjects. Both CTH and FETH patients
however, bisected significantly leftward compared
to the healthy subjects. The slight rightward errors
found in healthy subjects were in contrast to many
documentations of Western countries,*® butsimilar to a
Japanese study!"”! and a Chinese one.?® The performance
discrepancy might result from the fact that our subjects
only used their right hand to bisect the lines or from
a cultural background that some Chinese people have
been forced to switch hand preference from left to the
right during their childhood.?® Another reason could be
the gender effect, for example. compared to the healthy
men, normal women bisected the lines more leftward!?
and the bias errors were influenced by the menstrual
state.® Such an influence might be particularly the
case in our migraine group which was mainly composed
of women subjects. The menstrual fluctuations might
affect the hemispheric activation and resulted in
non-significant rightward errors in migraine sufferers
when compared to those of the healthy subjects. On
the other hand, recent results pointed out a cortical
hyperexcitability of migraine during the ictal period and
to a lesser extent, during the interictal period,®? which
might also contribute to the non-significant findings in
our migraine patients.

Some clinical investigations frequently show that
tension-type headache sufferers displayed more
anxiousness, depression or both compared to patients
with migraine or cluster headaches.?*! Such psychological
dysregulations accord with the conclusion that the
right hemisphere is responsible for stress control."?
Moreover, stress-induced neurochemical changes may
lead to structural and functional alterations in the right
hemisphere in psychiatric patients.**! All these studies
were in line with the current findings of the significant
leftward bisection errors in both forms of tension-type
headaches, which might point to a relative hyperactive
right or hypoactive left hemisphere or both.

The performances of line bisection in CTH and FETH
groups were similar, the smaller sample size of FETH,
i.e., half the size of CTH, might have contributed to the
outcome. Nonetheless, this study does not differentiate
neuropsychologically between the two headache
forms. Neither does it fit into Jensen’s®! assumption
that peripheral changes like myofascial nociception
are important in episodic tension-type headache while
central mechanisms like central sensitization are
preponderant in CTH. Indeed, an experimental study
of myofascial pain helps to explain the increased pain
response in episodic tension-type headache patients;
the sensitization of peripheral nociceptors per se were
experienced through central mechanisms.®"

Whether our findings were related to the head pain
experienced still remains unclear. In other patients
suffering from complex regional pain syndrome,

line bisection errors were not significantly different
from errors of the healthy subjects.*®! There was,
however, a suggestion that the right frontal brain
hyperactivity (reflected by the central zone or parietal
zone EEG asymmetry) was correlated with enhanced
pain sensitivity and negative affect.’” Furthermore,
the pressure pain detection and tolerance thresholds
to mechanical stimuli were decreased in tension-type
headache sufferers.[*39

One obvious limitation of our study is that all migraine
sufferers were without aura and were studied in their
interictal period. Visual aura might deteriorate the
cognitive functions, as reflected by a visual evoked
potential study.*” Although some investigations might
indicate the possible cognitive dysfunctions in migraine
during the interictal period,'*" further investigation
on the link between the ictal pain and the different
hemispheric activation in migraine is still needed. Other
limitations might include the situational factors which
were less controlled during the test, the prophylactic
therapy which half of our patients received three days
before the test and the sample size of FETH which
was small. Moreover, our study is a clinically based
one and it lacks a comparison between patients and
healthy controls regarding the educational experiences
received.

Conclusion

The leftward line bisection errors in both forms of
tension-type headaches might indicate a relatively
strong right hemispheric activation, a relatively weak left
hemispheric activation or both. This finding supports
the role of a different pattern of cortical activation in
tension-type headaches than that found in healthy
controls, but leaves the question open whether the line
bisection performance is normal in migraine, both with
and without aura, during the ictal phase.
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