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Increased Prevalence of Left-Handedness in
Hemifacial Microsomia
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Abstract: Ten percent of people are left handed, but a higher
frequency has been associated with certain craniofacial malforma-
tions, such as cleft lip and unilateral coronal synostosis. The purpose
of this study was to determine the frequency of left-handedness in
patients with hemifacial microsomia (HFM). Patients with HFM
were identified in our craniofacial database. Normal controls were
recruited by local pediatricians. Data gathered included age, sex,
and handedness (determined by writing and/or drawing); the orbit,
mandible, ear, nerve, and soft tissue (OMENS)—plus score and side
of involvement were tabulated for patients with HFM. Hand pre-
ference was compared between the groups using x> analysis; pos-
sible correlations were analyzed between handedness and age,
sex, the OMENS score, extracraniofacial findings, and side of in-
volvement. One hundred seventy-eight patients with HFM were
identified; 92 (51%) were excluded. Of the 86 included, 48% were
boys (n = 47) and the mean age at inquiry was 13.5 years. Predomi-
nant side of involvement was right in 49% (n = 42) and left in
38% (n = 33). Eleven patients (13%) had severe involvement of
both sides. Expanded-spectrum HFM was documented in 41% of
patients. Ninety-six children were in the control group; 44% were
boys (n = 42), and the mean age was 10 years. The difference in age
between the groups was significant (P < 0.05), but sex differences
were not. Patients with HFM were more likely to be left handed for
writing compared with the control group (26% vs. 11%; P < 0.05).
The frequency was higher, 36%, in those with bilateral involvement
(P > 0.05). There was no correlation with predominant side or
OMENS score. This study confirms that this disorder affects cereb-
ral lateralization.
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he body plan for humans is essentially symmetric around the

midaxis. Nevertheless, asymmetric arrangement of organs in the
thoracoabdominal cavities indicates that cellular functions become
unequal early in development. Cellular symmetry persists through-
out the gastrula stage and, thereafter, differential cascades of gene
expression break the otherwise symmetrical internal structure.’
Animal models have provided some insight into the molecular and
developmental mechanisms by which right-left symmetry is
altered.'? Nevertheless, investigators are still unclear why these
structural asymmetries occur in a nonrandom, or unequal, distribu-
tion. Nonrandom laterality is seen in the human brain, face, heart,
great vessels, lungs, liver, gallbladder, biliary tract, gastrointestinal
tract, spleen, and male genitalia.** All but 0.01% of humans exhibit
the same asymmetric arrangement of their internal organs (situs or
situs solitus).”® Nevertheless, in extremely rare instances, the
standard body plan is inexplicably altered. One in 50,000 persons,
the laterality of the internal organs, is reversed (situs inversus)’ > or
somewhat randomly arranged (situs ambiguous).>'%!!

Even more perplexing is the observation that certain
malformations of symmetric bilateral structures occur in greater
proportions on one side: For example, there is greater right-sided
involvement in Poland anomaly, unilateral coronal synostosis,
pulmonar?/ agenesis, inguinal hernia, and radial and fibular
aplasia'®>'® and left-sided preponderance in unilateral cleft lip,
agenesis of the maxillary lateral incisor, Romberg disease, renal
agenesis, supernumerary nipples, postaxial polydactyly, and con-
genital dislocation of the hip.'>!7723 These observations argue that
subtle temporal or structural differences exist between the sides of
the body during early development, although the specific causes
have not been determined.

In addition to nonrandom anatomic asymmetry, humans can
also exhibit various forms of nonrandom functional laterality. The
most highly investigated type of functional laterality is hand
preference. More than 90% of humans are right handed, and this
strong bias seems to be conserved in all ethnic populations.**
Other forms of nonrandom functional laterality include speech and
language,® eye and ear preference,?’>° and footedness.>® Right eye
dominance occurs in 65% to 77% of people.>'*> Most persons are
also right ear dominant and recognize auditory stimuli for a longer
duration on the right side.®> Some investigators believe that this
represents a specialized auricular function rather than true domi-
nance.*® Footedness lateralizes to the right side in more than two
thirds of the population; this proportion is stable in professional
soccer pla;/ers despite the emphasis on the superiority of 2-footed
players.>>3¢

The relationships between anatomic (or pathoanatomic) and
functional lateralities have also been widely explored. There is a
strong correlation between structural and functional lateralities in
lower vertebrates, for example, in zebrafish;*”*® however, this
relationship does not hold true for humans. The best example of this
is situs inversus. Despite the reversed laterality of internal organs,
these subjects demonstrate similar distribution of dichotic listening,
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language dominance, and hand preference as the general popula-
tion.>?43%40 Perhaps because of the contemporaneous develop-
ment*' or close anatomic proximity of the face and the cranial vault,
investigations relating craniofacial and functional asymmetries have
yielded more interesting results. Several reports have associated
handedness with increased contralateral hemifacial width. For ex-
ample, left-handers have increased right craniofacial width.334>44
Magnetic resonance imaging data have shown that left- and right-
handed people have larger right and left cerebral hemispheres,
respectively.*>*® Even pathoanatomic asymmetry, such as cleft lip,
has been found to correlate with hand preference,*'**’~> although
this relationship is inconsistently found.*'+>?

We recently demonstrated a significant increase in left-
handedness in patients with unilateral coronal synostosis compared
with a control group of healthy children (30.2% vs. 11.4%).>® Left-
handedness was 2-fold more likely than normal (20.4%) when the
fusion was on the right and 4-fold more likely when there was a left-
sided fusion (44.4%). Although lateralization of cerebral function
was clearly affected in this population, we were unable to assign the
leftward shift to intrinsic (inherent cerebral development) or extrin-
sic (pressure from abnormal cranial shape) influences.

To further investigate a possible association between abnor-
mal craniofacial development and alterations in laterality of cerebral
function (exhibited by handedness), we chose hemifacial micro-
somia (HFM) for several reasons. First, this malformation has no
apparent genetic basis. Therefore, any effects on functional laterality
are less likely to have a defined molecular etiology. Second, cranial
shape and volume are relatively unaffected in this disorder. This
reduces the possibility that externally applied force, such as caused
by craniosynostosis, could affect cerebral function or form. Lastly,
facial involvement in hemifacial microsomia is more pervasive than
in cleft lip and palate. Hence, we would anticipate a stronger as-
sociation between craniofacial maldevelopment and handedness in
this anomaly than has been suggested for cleft lip.

METHODS

After obtaining approval from our institutional review board,
we identified all patients with the condition diagnosed as HFM seen
at our craniofacial unit since 1985. Healthy children were recruited
by local pediatricians as a control group. Data collected for all
patients included age, sex, and handedness, as determined by the
preferred hand for writing and/or drawing. To reduce the likelihood
of ambiguous handedness or uncertainty, children who were under
3 years of age or those in whom the parents were uncertain of which
hand they preferred were excluded.

In the HFM group, additional data were collected, including
the side(s) of involvement; total orbit, mandible, ear, nerve, and soft
tissue (OMENS) score;>* and the presence of expanded-spectrum
anomalies.>® Hand preference was compared between the study and
control groups using x* analysis. Further statistical analysis was
done to identify possible correlations between handedness and age,
sex, OMENS score, extracraniofacial anomalies, and side of pre-
dominant involvement.

RESULTS

A total of 178 patients with HFM were identified; 92 patients
(51%) were lost to follow-up or did not meet the inclusion criteria.
Of the 86 patients included in the study, 48% were boys (n = 47)
and the mean age at inquiry was 13.5 years (range, 445 y; SD, 9.3).
The sides of predominant involvement were the right in 49%
(n = 42) and the left in 38% (n = 33). Thirteen percent (n = 11)
had almost equal bilateral involvement. Mean OMENS scores
were 5.7 for those with predominantly unilateral hypoplasia (range,
2-13; SD, 2.8) and 8.6 for those with bilateral hypoplasia (range,
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6-13; SD, 2.7); this difference was significant (P < 0.05). Extra-
cranial manifestations were documented in 41% of study patients.
There were 96 children in the control group: 44% were boys
(n = 42), and the mean age was 10 years (range, 3—17 y; SD, 3.5).
The difference in age between the groups was significant (P =
0.000), but sex differences were not.

Twenty-six percent (22/86) of all the study group patients
were left-hand dominant for writing compared with only 11% (11/
86) for the control group; this difference was significant (P = 0.025).
Thirty-six percent (4/11) of patients with bilateral facial hypoplasia
were left-hand dominant for writing. This difference was signifi-
cantly different than the control group (P = 0.03) but not different
than the predominantly unilateral group. There were no significant
differences between right- and left-handed persons in the study
group with respect to age, sex, OMENS score, or expanded-
spectrum findings. However, for patients with bilateral involvement,
the side most affected was almost uniformly predictive of hand pre-
ference. In this group, 4 of 5 patients with left-predominant involve-
ment were left handed, whereas all 6 patients with right-predominant
findings were right handed.

DISCUSSION

This study revealed a significant shift to left-hand preference
in patients with HFM. Although handedness is only 1 measure of
cerebral functional laterality, this finding further emphasizes that the
developmental abnormality that causes HFM is not isolated to the
face. Extracraniofacial anomalies of the cardiac, skeletal, genito-
urinary, gastrointestinal, and central nervous systems have been
reported in up to 18% of patients with HFM.> Thus, the term cra-
niofacial microsomia may be more accurate than the more com-
monly used HFM.>¢

Our results also invite further discussion of the 2 major
etiological theories of HFM. The first theory states that it is caused
by a vascular disruption in the first or second pharyngeal arches.
This hypothesis is supported by an animal model in which a similar
phenotype could be produced by drug-induced vascular insult.’’
Furthermore, human epidemiological studies have suggested that
maternal exposure to vasogenic drugs during pregnancy increases
the risk of having a child with HFM.>® It is possible that a focal or
regional vascular event in the upper pharyngeal arches could also
involve the developing cerebrum. There are a number of studies that
have suggested an increased incidence of left-handedness in children
and infants with various neurologic conditions. This pathologic left-
handedness has been described in children with brain injury from
infection or trauma,*® epilepsy,®® low birth weight,®’ prematuri-
ty,>% and right congenital hemiplegia (left hemispheric insult).**
Lateralized neurologic problems, such as epilepsy and hemiparesis,
have been reported in patients with HFM.>* Nevertheless, none of
our patients had these findings.

Most people are left hemispheric dominant for speech, lan-
guage, and motor functions,®>®® whereas the right hemisphere
is usually dominant for abstract functions such as self-awareness,
self-recognition, and empathy.®”%® Accordingly, damage to the left
hemisphere typically causes greater functional consequences than a
similar injury to the right hemisphere.®® If HFM were caused by a
unilateral vasculopathic event, the incidence of left-handedness
should be markedly higher in patients with right-sided involvement.
We found that there was no correlation between the side of facial
involvement and hand preference except in those patients with
nearly symmetric bilateral involvement. Unfortunately, the number
was too small in this group to draw any meaningful conclusions.

The second major etiopathologic theory for HFM implicates
abnormal proliferation or migration of neural crest cells.®>>’® These
multipotent cells are unique to vertebrate development and help to
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orchestrate growth of the craniofacial skeleton, muscles, cranial
nerves,’ "’ heart, great vessels,”>” peripheral nerves, and gastro-
intestinal innervation.”® The abnormal division, migration, or in-
duction of neural crest cells could easily account for the extracranial
anomalies (eg, cardiac, skeletal, and central nervous system) re-
ported in HFM.>® Cephalic neural crest cells also help coordinate
the formation of the forebrain and midbrain.””-’® Thus, the facial
anomalies and altered cerebral functional laterality (ie, increased
left-handedness) observed in our patients with HFM may have the
same pathogenic basis. Interestingly, increased apoptosis of cranial
neural crest cells is caused by mutations in the 7TCOFI gene, which
is implicated in the pathogenesis of the Treacher Collins syndrome,
the other major disorder of the first and second pharyngeal arches.”’

The possible evolutionary advantage of structural or behav-
ioral asymmetry is debated. Nearly all vertebrates have structural
asymmetries, and many species exhibit specific types of nonrandom
activity or behavior.”>~®' Some lower vertebrates, for example, fish,
reptiles, and amphibians, evidence lateralized responses to predators
and during mating.®* Toads and certain species of fish react faster to
a stimulus presented on 1 side.®® Lower mammals, such as mice,
chicks, cats, and dogs, also exhibit specific behaviors that clearly
indicate cerebral lateralization.?'3* For example, many bird and
mammal species have a preferred limb for feeding or digging, al-
though the bias for one limb over the other is relatively weak
compared to human hand preference.®*°° Even chimpanzees and
great apes, which seem to favor using their right hand for a relatively
wide range of activities, have a smaller population bias for this trait
than humans.®"*? In all of these animal comparisons, it is still de-
bated whether task-specific paw preferences or other types of later-
alized behavior commonly seen in other animals are functionally
analogous to human handedness.®!

Humans exhibit a wide range of lateralized behaviors, al-
though none as strongly directional, strictly conserved, or as heavily
studied as handedness. Human population bias for right-hand
dominance has been noted throughout recorded history.”> Despite
the attention it has received, the physiologic and evolutionary bases
for the strong hand bias in humans remain unclear.3*-%> Numerous
investigations suggest that right-handed people have greater anat-
omic and functional asymmetries (ie, specialization) of their cerebral
hemispheres*®**° and less interhemispheric connectivity (greater
independence?) than left-handed persons.””'** In theory, greater
cerebral “division of labor,” as seen in right-handed persons, could
reduce neural redundancy and allow more complex cognitive
processing.'®>!%¢ Some researchers have speculated that the
development of functional hemispheric specialization may be the
basis for man’s intellectual superiority over other animals.%%-8!

Limitations of this study warrant discussion. First, hand pre-
ference is only 1 aspect of human nonrandom functional laterality.
Therefore, the significant shift in handedness we found in our
patients with HFM may not be representative of abnormalities in
other types of cerebral specialization. Furthermore, our findings
cannot be expanded to more general measures of cerebral function,
such as intelligence. Additional cognitive testing or supplemental
imaging with functional or diffusion tensor magnetic resonance
imaging would provide more insight. A second possible criticism of
this investigation is determination of handedness solely on the basis
of writing. Some investigators have suggested that because writing
is learned, this measure may be influenced by cultural norms. More
complicated indicators of handedness, such as the Edinburgh
Handedness Inventory, have been widely used.**-*>!%771% These
questionnaires also have been criticized because they rely on the
examinee’s recollection of hand preference and have shown in-
consistent results when compared with direct observations.?> Other
methods include pooling tasks, such as writing, throwing, handling a
tool, so on, to produce a composite of hand preference.''® In these
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methods, people who consistently use their right hand are
considered right handed and all others are non-right handed. It is
unclear if this diversity of tasks adds clarity because nearly all
manual functions, except writing, can be learned equally well with
either hand.?>''! Corey et al''? showed that it is writing, not other
measures of hand performance, that most strongly correlates with
scores on broader handedness inventories. The distribution of
handedness in our control group supports the reliability of using
writing as a measure of handedness because it was nearly identical to
the findings in other studies using more complex measures.
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