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Abstract

The hair shaft is a unique structure composed of an inner cortex and a protective outer
cuticle. Any defects in this normal structure due to genetics or the environment can lead to
variations in physical properties. Thus one should suspect a hair shaft disorder if a patient
presents with an abnormality or change in hair texture, appearance, manageability or ability
to grow hair long. A key feature of the clinical evaluation is to determine whether there is
hair breakage (increased fragility) by looking for broken hairs and performing a tug test.
Once this determination is made, an algorithmic approach can be used to narrow the
differential diagnosis: hair shaft disorders with and without fragility. A hair mount along with
other directed questions and examination will almost always allow the clinician to make an
in-office diagnosis. Common case scenarios, photographs, and practical tips are provided
to illustrate the use of this algorithmic approach in the diagnosis of hair shaft disorders. We
have also included a summary of the molecular defects where known, which can be helpful
in providing a correlation with clinical findings, in counseling patients, and potentially offer-
ing treatment options.
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Introduction

The production of the hair shaft in humans occurs
through a complex orchestration of biological signals in
the pilosebaceous unit. These signals result in cyclic peri-
ods of growth and rest in the hair follicle. Many different
cell types are incorporated during the hair cycle to form
the inner root sheath, hair cuticle, cortex and, in large
fibers, the medulla. This cell differentiation results from
the expression of major hair keratin genes. During the
growth phase of the follicle, or anagen, the actively divid-
ing cells of the matrix start the process of hair shaft for-
mation. The main structural component of the hair shaft,
the hair cortex, is composed of interdigitating keratino-
cytes oriented in a parallel fashion, and held together by
the intercellular matrix protein. The hair shaft is pro-
tected by the cuticle layer with its overlapping cells that
resemble shingles on a roof. If there is damage to the cuti-
cle, the exposed hair cortex still holds together but is
more susceptible to environmental damage and fracture.
The hair shaft is a unique structure in terms of its
strength, resilience, flexibility, and resistance to the envi-
ronment. Any defects in this normal structure due to
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genetics or the environment can lead to variations in
physical properties, such as optics, shape, and strength.
An alteration in these properties is clinically noticed as a
change in strength (fragility, or inability to grow hair
long), texture, appearance, and manageability. Thus,
when a patient presents in the clinic with a chief com-
plaint of “hair loss”, the possible causes may be vast, but
a thoughtful and stepwise approach will quickly uncover
clues that will lead the clinician to suspect a hair shaft
disorder.
Approach to patients
e When should one suspect that a patient has a hair shaft
disorder? Patients with hair shaft disorders will often
present with one of the following complaints:
o “My hair (or my child’s hair) does not grow long”
or “My child has never had a haircut.”
o “My hair (or my child’s hair) has an unusual appear-
ance and/or texture.”
o “My hair (or my child’s hair) suddenly started break-
ing.”
e What are pertinent questions to ask the patient?
Directed questions will help the clinician narrow the
differential diagnosis.
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o When did the problem first start (has the problem
been present since birth or was it acquired later in
life)?

o Are there any problems with the nails or teeth?

o How does the patient style or process the hair? Ask
about brushing technique, frequency of shampooing,
use of heat and chemicals.

o Do other family members have similar findings?

e What is the best way to examine the hair?

o Evaluate for “general appearance”, length, luster,
curl, and color.

o Note the “distribution” of the hair abnormality —
diffuse or focal.

o Determine if there is hair breakage: for the close-up
examination of individual hair shafts, a contrasting
paper (white for dark hair, black for light hair) can
be used to improve visibility. By placing the card
near the scalp and behind the hair being examined,
one can determine if there are blunt or broken hair
distal tips that would suggest breakage. These broken
hairs can be differentiated from newly growing hairs
that have tapered or pointed distal tips (Fig. 1). If
fragility or breakage is suspected, it can be confirmed
by performing a tug test (Fig. 2). This test consists of
holding the hair several centimeters from the hair tip
then tugging at the ends. If the hair is fragile, short
2—4mm hair fragments will easily break off. When
these small fragments of hair are mounted on a glass
slide with a mounting medium and cover slip
(Fig. 3), characteristic changes of hair shaft disorders
may be seen.

o The scalp and the rest of the skin should also be
examined for any changes.

If a clinician determines that a hair shaft disorder is

likely, further classification and diagnosis can often be
done in the office with a hair mount. An algorithmic

Figure 1 Using a hair card can help determine if there are
broken (blunt) hairs or tapered (new) hairs
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Figure 2 A tug test can be used to assess for hair fragility

et . o T

Figure 3 A hair mount can be used to evaluate the hair shaft
using a glass slide, mounting medium, and a cover slip. Black
and white contrasting backgrounds are used for ease of
examining different colored hair

Is there hair
breakage?

Present since birth?

Present since birth?

‘ Congenital‘ ‘ Acquired ‘ Congenital
Monilethrix -
ilit o i Bubble h:
Pilitorti o qji = Pili annulati

Trichorrhexis nodosa
Trichothiodystrophy
Trichorrhexis invaginata,

trichorrhexis nodosa Pseudopili annulati

Woolly hair
Uncombable hair syndrome

Evaluate further for
associated disorders

Figure 4 An algorithmic approach to hair shaft disorders

© 2011 The International Society of Dermatology



Mirmirani, Huang, and Price

Table 1 Classification of hair shaft disorders

Hair shaft disorders with increased fragility

Acquired
Bubble hair
Acquired trichorrhexis nodosa
Congenital
Congenital trichorrhexis nodosa (arginosuccinic aciduria)
Monilethrix
Pili torti (Bjérnstad, Menkes)
Trichorrhexis invaginata (Netherton syndrome)
Trichothiodystrophy

Hair shaft disorders without increased fragility

Congenital
Pili annulati
Pseudopili annulati
Woolly hair
Uncombable hair syndrome

approach to making the diagnosis of a hair shaft disorder
is presented (Fig. 4). This algorithm should be used as a
guide and not an absolute, as variations and overlaps in
hair shaft disorders are seen. Disorders of the hair shaft
are typically segregated by those that are congenital or
acquired; further classification is based on the presence or
absence of hair shaft fragility that can lead to breakage
(Table 1). A review of the most common hair shaft disor-
ders is presented below. Although our emphasis is on the
clinical presentation and diagnosis of the hair shaft disor-
der, we have included a summary of the molecular defects
where known. Not only is an understanding of these
molecular defects critical in understanding and correlating
clinical findings, it is helpful in counseling patients and
potentially offering treatment options.

Acquired hair shaft disorders with increased
fragility and breakage

Bubble hair and acquired trichorrhexis nodosa (TN)
Bubble hair clinical scenario: a young woman presents to
clinic with a focal area of unruly and fly-away hair in the

(a)

Figure 5 (a) Bubble hair. Focal area of
unruly hair at the vertex. (b) A hair
mount reveals bubbles within the hair
shaft (40x magnification)
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vertex area of the scalp of a few months’ duration
(Fig. sa). She regularly uses a hair dryer to style her hair.
A tug test done on the affected hair is positive, indicating
increased hair fragility. A hair mount reveals bubbles
within the hair shaft, confirming a diagnosis of bubble
hair (Fig. 5b)."

Bubble hair occurs when bubbles form within the hair
cortex due to high temperatures from styling with blow
dryers or curling irons.* This leads to hair breakage and
alterations in hair texture and manageability as seen in
this representative case.> Hair dryers may cause this
deformity when they overheat, especially when excess lint
and hair are blocking the air intake of the hair dryer.* In
a prior study, a temperature of 175-215 °C for § min
was sufficient to create these bubbles; however, if the heat
is applied to damp hair, the threshold could be even
lower.™’ Treatment consists of avoidance of cutting or
growing out the affected hair and then avoiding heat and
using gentle hair care to prevent further formation of
bubbles.

TN
woman presents with a several-month history of hair that

clinical ~scenario: a young African—-American
does not grow long in the occipital scalp. She has styled
her hair with regular permanents and recently started hair
coloring as well. Although she has now stopped these hair
care practices, her hair has not started to grow longer
(Fig. 6a). Upon further questioning, she does brush and
massage her scalp to belp “stimulate” hair growth. A tug
test on the affected hair yields multiple fragments of short
hair. A bair mount of these short hairs confirms the diag-
nosis of TN (Fig. 6b).

TN refers to a hair shaft fracture that resembles the
two brooms or brushes in opposition. This hair fragility
is thought to result from a combination of chemical, ther-
mal and mechanical damage to the hair shaft, which then
breaks easily with brushing. Because the “nodes” or frac-
ture sites can form anywhere along the hair shaft, the hair
will often be of various lengths and may have a dull
appearance. Acquired TN is classified into proximal and
distal types depending whether the breakage is proximal
to the scalp, as seen in patients of African ancestry, or

o
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(b)

near the distal ends of the hair, as seen in Caucasian and
Asian patients.

Acquired TN can develop as a result of use of heat,®
chemicals (hair dyes, permanents), and/or mechanical
trauma from brushing or rubbing.” There is difficulty in
defining “improper use” or ‘“over-use” as different hair
types will have a highly variable tolerance for weathering.
Hair damage is usually noticed as a change in the quality
of the hair or as “dry ends” or “hair that won’t grow” or
“has stopped growing”. When this occurs, patients may
cause more damage in their efforts to stimulate their hair
to grow, for example, by brushing. Patients are advised
to practice gentle hair care and to minimize physical
and chemical trauma to the hair.® Full recovery may take
2—4 years.

Congenital hair shaft disorders without
increased fragility

Uncombable hair syndrome (UHS), pili annulati,
pseudopili annulati, and woolly hair
UHS clinical scenario: a 4-year-old girl is brought in to
the clinic by her parents for hair that is unmanageable
and difficult to style. On exam, her hair is shoulder
length, appears to stand away from the scalp, and has a
frizzy appearance. There is no evidence of hair fragility
on exam.

UHS presents with characteristic unruly hair that is dif-
ficult to style and has the appearance of standing away
from the scalp.” These changes are typically noted in
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Figure 6 (a) Trichorrhexis nodosa.
Localized area of short hair — blunt ends
with positive tug test. (b) Hair mount
reveals brush-like ends in opposition
(20x magnification)

childhood, but acquired UHS has been reported.”® UHS
usually occurs without any other associations, although
ocular, dental, or ectodermal defects™* have been reported
in the setting of UHS.*®*3 On light microscopic examina-
tion of mounted hair, the shaft may have a canal-like lon-
gitudinal groove along one or two facets; however, this
finding is subtle and difficult to detect (Fig. 7a).” When
hair cross-sections are examined (not an office proce-
dure), the characteristic triangular or kidney-shaped
appearance of the hair shaft is diagnostic (Fig. 7b). The
irregular and changing shapes of the hair cross-section
prevent adjacent hairs from lying flat or forming locks,
and this accounts for the stand away appearance. To deal
with this problem, the hair should be trimmed to reduce
its volume, and the use of a silicone-based leave-in condi-
tioner may aid in managing the hair. The etiology of this
hair shaft disorder is unknown.

Pili annulati clinical scenario: the patient usually has
no hair complaints. The hair may be incidentally noted
by an astute dermatologist to have a glittery or spangled
appearance (Fig. 8a). The hair is not fragile and does not
break.

Pili annulati is a rare hair shaft disorder characterized
by bright and dark bands when viewed with reflected
light (Fig. 8b). This banded appearance is attractive and
can affect the entire scalp, as well as the axillae, beard,
and pubic areas."*'S There is no fragility, and the hair
can grow long. The bright bands correspond to abnormal
air-filled cavities within the hair cortex."*™® On a hair
these bright bands appear

mount, dark  because

(b)oap_ =Y

A Figure 7 Uncombable hair syndrome.
(a) Hair mount reveals longitudinal
groove along hair shaft (1ox magnifica-
tion; figure courtesy of Dr. Sarah Cham-
lin). (b) Cross-section of hair shaft
reveals triangular or kidney bean-shaped
formation (40x magnification)
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Figure 8 (a) Pili annulati. The hair has a
shiny appearance. (b) A close-up of the
hair shafts reveals a spangled appear-
ance. (¢) Dark and light bands on a hair
mount (upper), and comparison to nor-
mal hair shaft (lower; 20x magnifica-
tion)

transmitted light is not permitted to pass through (Fig.
8c). This differs from pseudopili annulati in which there
are no air-filled cavities, and instead the banded appear-
ance is an optical effect stemming from the partial twist-
ing of the hair shaft in an oscillating manner.™

Pili annulati is inherited in an autosomal dominant
fashion. Initial theories that pili annulati was due to a
keratin defect have not been borne out. Immunohisto-
chemical studies of epithelial cytokeratins and linkage
studies of keratin gene clusters among families with pili
annulati have been found to be normal.*® Recently, the
gene for pili annulati has been localized to the telomeric
region of chromosome 12q.*° Candidate genes include
regulatory proteins involved in the normal formation
or degradation of the basement membrane zone of the
lamina densa and sublamina densa layers of the hair
follicle.™*

Woolly hair clinical scenario: az-year-old girl presents
with fine, tightly curled hair that is very different in tex-
ture from the rest of the family. The hair does not exhibit
breakage, and there are no notable changes on hair
mount. Upon examination of the skin, keratoderma is
noted on the soles. Based on the hair findings, the patient
is referred for further specialty evaluation and testing.

The term “woolly” stems from sheep’s wool; the cortex
of wool fibers consists of two cell types, the orthocortex
and paracortex, which have differing reactivity and
expand unequally. This structural asymmetry causes the
coiling and crimping of wool.*" Human hair may also at
times have a woolly appearance even though it consists
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mainly of paracortex, and the explanation of the woolly

appearance is incomplete. Woolly hair can involve the
entire scalp®* or just an isolated patch seen as a woolly
hair nevus. Woolly hair can occur as an isolated finding
or in association with various genetic syndromes.*>*#
These include palmar/plantar keratoderma,*’ keratosis
pilaris atrophicans faciei,*® Noonan’s syndrome,*” Carva-
jal syndrome,*® cardiofaciocutaneous syndrome,* and
Naxos disease.** Woolly hair has also been described
with cardiac defects*® and keratosis follicularis spinulosa
decalvans.?* Thus, patients with woolly hair should have
a full examination to evaluate for abnormalities, such as
facial dysmorphism, cutaneous abnormalities, cardiac
abnormalities, and other findings in order to investigate if
it is part of a larger genetic syndrome.

Woolly hair nevus is characterized by a discrete area of
tightly curled hair in an otherwise normal scalp, and it
occurs sporadically (Fig. 9). The woolly hair can grow at
a normal rate?* or slower** than normal hair. Woolly
hair nevus typically presents at birth or develops before
18 months of age.?? In about half the reported cases,
woolly hair nevus is associated with linear nevi. The pig-
mentary or epidermal nevi are usually on the neck, arms,
or trunk, and not on the scalp. In general, it is an isolated
finding, but woolly hair nevus has been reported to occur
with neurological defects, ocular abnormalities,>* bone
disorders, and other mesodermal defects.?? Hair mount of
woolly hair does not have any distinguishing findings.?’
No treatment has been shown to help this condition.
If straightening the hair with chemicals or heat is

International Journal of Dermatology 2011, 50, 1-12
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Figure 9 Woolly hair nevus. A discrete patch of tightly
curled hair that is distinctly different from the hair on the
rest of the scalp

contemplated, care must be taken as this hair may be
more fragile than normal. Woolly hair nevus might dar-
ken and become less curly with time.3>3¢

Congenital hair shaft disorders with increased
fragility and breakage

Congenital TN, trichothiodystrophy (TTD), pili torti,
trichorrhexis invaginata and monilethrix

Congenital TN may occur as the sole clinical abnormality
in a sporadic case, or in families, with the abnormal fragil-
ity of the hair becoming evident shortly after birth. There
are no abnormal laboratory findings in these patients.
More commonly, TN is noted as an incidental finding in
patients with other hair shaft disorders associated with
fragility, such as pili torti, monilethrix, or TTD.

International Journal of Dermatology 2011, 50, 1-12
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Congenital TN in patients with arginosuccinic acidu-
ria:” arginosuccinic aciduria is an inborn error of
urea synthesis which can cause mental retardation.
This rare syndrome is caused by a deficiency of the
enzyme argininosuccinic lyase, and large amounts of
argininosuccinic acid are found in the urine, blood, and
cerebrospinal fluid. This abnormality is now tested for
and diagnosed in infancy. If unrecognized, neonates pres-
ent with failure to thrive that can lead to lethargy and
coma.’” The hair defect was historically an important
diagnostic clue to this systemic disease.

TTD clinical scenario: a s5-year-old boy presents with
his mother, who reports that whenever he has a fever and
has to lie in bed for a few days, his hair breaks off from
friction of his head lying on the pillow. Following a
recent febrile episode, he comes in with short, uneven,
broken hair. His mother also reports that he has always
had dry skin and “does not do well” in the sun. The
patient’s medical history includes mild mental and devel-
opmental impairment. A tug test is positive, indicating
hair fragility. With polarizing microscopy (in the position
of extinction or darkness) the hair has a banded or ‘tiger
tail” appearance (Fig. 1oc). The hair is sent for amino
acid analysis.

TTD is a term that describes cystine-deficient brittle
hair.>® Hair is an important clinical marker for this rare
inherited disorder with a wide variety of phenotypes:
these phenotypes range from brittle hair only to a neuro-
ectodermal symptom complex with severe intellectual and
developmental impairment.

Diagnosis of TTD can be made by examination of the
hair. The diagnosis is suspected with a hair mount and
light microscopy, which shows hair shafts with an undulat-
ing, wavy outline rather than the usual straight outline.??

Figure 10 Trichothiodystrophy.

(a) Light microscopy reveals trichoschisis
(40x magnification), and (b) ribboning
(20x magnification). (c) Polarizing
microscopy reveals tiger tail banding
(20x magnification)

© 2011 The International Society of Dermatology



Mirmirani, Huang, and Price

There may be trichoschisis fractures*® (Fig. 1oa), TN-like
fractures, and ribboning, which describes the flattened hair
shaft folded over itself like a ribbon** (Fig. tob). Polariz-
ing microscopy further supports the diagnosis, with hair
shafts showing alternating bright and dark (tiger tail)
bands,?® in the position of darkness. Amino acid analysis
of the hair confirms the diagnosis with a cystine content
reduced to less than half of normal values. The wide vari-
ety of clinical phenotypes ranges from short, fragile hair
alone to a variety of symptoms including, but not limited
to, photosensitivity, ichthyosis, brittle hair, intellectual
impairment, decreased fertility, and short stature. Neuro-
logical abnormalities, developmental delay, and immuno-
deficiency may also be present.

TTD is an autosomal recessive disorder, and mutations
in three different genes have been implicated in its patho-
genesis. These genes, XPD, XPB, and TTDA, are compo-
nents of the transcription factor IIH, a multiprotein
complex that is involved in the nucleotide excision repair
pathway.#*® Mutations in these genes are associated not
only with TTD but also with the rare genetic diseases
xeroderma pigmentosum and Cockayne syndrome.

Pili torti clinical scenario: a 4-year-old blond boy is
brought to clinic by his parents for short hair that never
requires a haircut. On exam, his hair is short, especially
over the occipital scalp, and has a spangled appearance
(Fig. 11a). A tug test is positive, and in a hair mount
twisting is noted (Fig. 11b). He is otherwise healthy. It
was subsequently determined that he had mild sensori-
neural bearing loss.

Pili torti is characterized by hair that does not grow
long and is easily broken; the hair often has a “spangled”
appearance due to the unequal reflection of light from the
twisted surface. Patchy hair breakage and coarse stubble
are typically seen in the occiput and temporal areas due
to friction. Pili torti can also involve the eyebrows and
eyelashes. A diagnosis is made by light microscopic
observation of flattened hair twisted at 180° along its axis
and occurring in groups of 3—1o. Sometimes this twisting
can be difficult to visualize with a hair mount due to the

(@)

Figure 11 Bjornstad syndrome; pili torti.
(a) Short hair in the occipital scalp with
a spangled appearance. (b) Hair mount
reveals flattened and twisted hair on the
long axis (20X magnification)
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flattening of the hair; thus, if the diagnosis is suspected,
the hair may be viewed by light microscopy without
mounting media. Although pili torti may be seen in isola-
tion, it is commonly associated with other congenital
defects and therefore, if identified, further evaluation for
possible neurological and ectodermal disorders is an
important part of the clinical evaluation.** The twisting
of the hair is likely due to irregularities in the inner root
sheath, which may induce an uneven molding of the hair
shaft.*? New research suggests that these alterations may
occur in the face of mitochondrial dysfunction, and may
be influenced by the presence of reactive oxygen spe-
cies.**

Bjornstad syndrome is an autosomal recessive condition
characterized by pili torti and bilateral congenital sensori-
neural hearing loss.*® These features usually present
before the second year of life,*> and the severity of hair
involvement correlates with the degree of hearing loss.*
A mutation in the BCStL gene on chromosome 2q34-—
364¢ disrupts the assembly of mitochondrial respirasomes
in human mitochondria and leads to production of reac-
tive oxygen species.** BCSiL had been previously
reported to cause two pediatric syndromes with profound
multisystem organ failure: complex III deficiency and the
GRACILE syndrome.** However, the specific mutation in
BCS1L that leads to the highly restricted pili torti and
sensorineural hearing loss of Bjornstad syndrome results
in a much more mild functional disruption of mitochon-
dria.** This seems to illustrate how ear and hair tissues
are exquisitely sensitive to mitochondrial function, specifi-
cally to the production of reactive oxygen species.** The
natural course is improvement of pili torti with age, espe-
cially after puberty.*”*® Management of this syndrome is
limited to genetic counseling, early identification, and
treatment of the hearing loss with assisted hearing
devices.

Menkes disease (MD) is a multisystemic lethal disorder
due to impaired copper transport and metabolism with
pili torti.#?>3° Patients have defective activity of copper-
dependent enzymes leading to severe developmental and
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Figure 12 Monilethrix. Hair mount reveals beaded nodes at
regular intervals with absence of the central dark medulla in
the areas of constriction (20X magnification)

neurological impairment, connective-tissue abnormalities,
tortuous blood vessels, and hair changes.*® After the

Mirmirani, Huang, and Price

normal-appearing newborn hair is shed, patients develop
stubby, course, sparse, and hypopigmented hair.’* The
hair has been described as “steel wool” as it is unruly
and easily fractures with friction.”® Severe neurological
deterioration leads to a decerebrate, vegetative state.’*
MD is due to a mutation in the X-linked ATP7A gene,
which encodes a copper-transporting ATPase.**’3757 It
had been presumed that because normal copper transpor-
tation is essential to formation of disulfide bonds in hair
keratin, defective keratin production was the cause of
twisted hair. However, because impaired copper transport
is also known to lead to reactive oxygen species and
mitochondrial dysfunction, this may be the explanation
for pili torti in MD as well.’®

Trichorrbexis invaginata clinical scenario: a 4-year-old
girl presents for treatment of severe dermatitis and hair
that does not grow long. On exam, the erythematous
eruption consists of unusual serpiginous scaling lesions
with a characteristic double-edged scale at the advancing
borders. She bhas short hair, which is most notable in the
occipital scalp; her brows are also sparse. A tug test of
the scalp hair is positive and a hair mount reveals

Table 2 Hair shaft disorders with their inheritance pattern and characteristic hair mount findings

Hair shaft disorder Inheritance

Hair mount

Acquired hair shaft disorder with increased fragility
Bubble hair -
Trichorrhexis nodosa -

Congenital hair shaft disorders without increased fragility
Uncombable hair syndrome AD or sporadic

Pili annulati AD

Woolly hair Sporadic or inherited

Congenital hair shaft disorders with increased fragility
Trichorrhexis nodosa

Arginosuccinic aciduria AR
Trichothiodystrophy AR
Pili torti
Bjérnstad AR
Menkes X-linked recessive

Trichorrhexis invaginata
Netherton syndrome AR
Monilethrix AD or AR

Air bubbles within hair shaft
Brush-like ends in opposition

Longitudinal grooves may be seen with hair mount without
mounting medium. Triangular or kidney bean shape on
cross-section (not an office procedure)

Alternating light and dark bands due to air cavities (seen with
the naked eye by reflected light). In a hair mount, with transmitted light,
air cavities appear dark when empty and clear when fluid-filled

No characteristic findings

Brush-like ends in opposition

Clean fracture through the cortex and the cuticle (trichoschisis), ribboning,
irregular outline of the hair shaft, trichorrhexis-nodosa-like fractures.
Tiger tail: with polarizing microscopy (in position of darkness,

crossed polarizers) see bright and dark alternating domains

Closely grouped twists, seen in hair mount without mounting medium
Closely grouped twists, seen in hair mount without mounting medium

Bamboo-like invaginations

Nodes alternating with constrictions. Nodes have a normal diameter
hair with a medulla, whereas constrictions lack a medulla and
may show evidence of fracture

AD, autosomal dominant; AR, autosomal recessive.
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trichorrbexis invaginata, leading to a diagnosis of Nether-
ton syndrome (NS).

NS is characterized by the triad of trichorrhexis invagi-
nata, ichthyosis linearis circumflexa, and an atopic diathe-
sis.>® Patients are born with a dry, scaly erythroderma,
which is considered a variant of ichthyosis, either a form
of lamellar ichthyosis or congenital ichthyosiform ery-
throderma.®® Neonatal dehydration, failure to thrive, and
recurrent infections may also be present.®® Icththyosis
linearis circumflexa consists of migratory, erythematous,
polycyclic, serpiginous lesions with a characteristic
double-edged scale at the advancing borders.®> An atopic
diathesis may include eczema-like eruptions, atopic der-
matitis, asthma, pruritus, allergic rhinitis, angioedema,
urticaria, elevated serum IgE, and/or hypereosinophilia.®*
All hair is affected, but it is often easier to find the char-
acteristic invaginations that resemble bamboo in eyebrow
or limb hair.®> On a hair mount, the intussusceptions that
resemble the ball-and-cup joints of bamboo joints are eas-
ily seen; the cup portion of the defect is proximal, and
the ball portion is distal.®* Hair shafts show various
degrees of change from minimal wrinkling, twisting of
the shaft, to well-formed invaginations.

NS is an autosomal recessive disorder due to a genetic
mutation of the SPINKj5 gene, which is on chromosome
5q31-32, and encodes a serine protease inhibitor
LETKI.®5*¢ LEKTI contributes to the balance of serine
proteases/inhibitors in the skin, and influences skin barrier
function and desquamation in the epidermis.®” Although
the role of serine proteases in the hair follicle is not fully
described, enzyme activity has been demonstrated at sites
of keratinization, such as the inner root sheath and the
uppermost follicle.®® Thus, SPINKs mutations may affect
the integrity of the hair shaft as it is forming as opposed
to being caused by keratin defects.

There is no specific treatment for trichorrhexis invagi-
nata, but the hair often improves with age and can resolve
with time.®" Treatment for NS is aimed at improving the
dermatitis and barrier dysfunction with emollients.

Mounilethrix clinical scenario: a s-year-old boy presents
with short, stubbly hair that does not grow beyond
1-2 cm. The patient is otherwise healthy. A tug test is
positive and a hair mount reveals a beaded appearance to
the hair.

Monilethrix is a distinctive rare hair shaft disorder
named after the resemblance of the affected hair to a
string of beads. The beaded appearance of the hair can be
visualized by the naked eye, or with a dermatoscope, as
alternating wide and constricted segments along the hair
shaft. The hair breaks spontaneously or as a result of fric-
tion. A hair mount shows the distinctive ‘“nodes”, or
wide segments, which have the diameter of normal hair
and are medullated; these alternate with the “internodes™
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or constrictions that have no medulla and are the sites of
fracture® (Fig. 12). The scalp is the main site affected,
but hair all over the body may be affected.”®”7* Keratosis
pilaris is always associated with monilethrix and is com-
monly on the upper back and shoulders. Other ectoder-
mal features may include koilonychia, brittle nails,
syndactyly, juvenile cataracts, decreased visual fields, and
dental lesions.”*

Monilethrix is an autosomal dominant keratin muta-
tion of the type II basic hair keratins hHbr and hHbé on
chromosome 12q13, which leads to alterations in the hair
cortex.”7"7377¢ An autosomal recessive variant has been
described due to desmoglein 4 mutation.”””® Desmoglein
4 is a transmembrane cell adhesion molecule expressed in
the hair cortex and upper cuticle, which is also associated
with localized autosomal recessive hypotrichosis.”® In this
variant, affected hair of the scalp, chest, arms, and legs
has perifollicular papules caused by ingrown hairs.”?

Monilethrix may improve with puberty, with preg-
nancy or with oral contraceptives, but usually it persists
in some degree into adulthood. There is no known treat-
ment. Patients are advised to protect the fragile hair from
excessive combing, styling, or friction.

Conclusions

Patients with hair shaft disorders should be examined
with a methodical approach (Fig. 4; Table 2). One should
suspect a hair shaft disorder if a patient presents with an
abnormality or change in texture, quality, or breakage of
one’s hair. After taking a full history, performing an
exam, and examining the hair mount, the hair should be
categorized as ‘‘without increased fragility” or “with
increased fragility”. With proper examination techniques
and a systematic approach, hair shaft disorders can be
satisfying to evaluate and diagnose.

Questions

A practical, algorithmic approach to diagnosing hair
shaft disorders questions
(See answers on page 12)

1. What is the best way to assess for hair fragility?

a. Pull test.

b. Polarizing microscopy.
c. Tug test.

d. Hair mount.

2. Which of the following regarding monilethrix is true?
a. Ichthyosis linearis circumflexa is an associated
finding.

b. The sulfur content of the hair is low.
¢. The mutation involves hHB1 and hHbé, which
encode hair keratins.
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d. Patients do not have increased hair fragility.

3. Which of the following hair shaft disorders will
demonstrate increased fragility on tug test?

a. Pili annulati.
b. Woolly hair.
c. Uncombable hair syndrome.
d. Monilethrix.

4. Which of the following hair shaft disorders tend to be
found in isolation without other significant medical
problems?

a. Trichorrhexis invaginata.
b. Pili torti.

c. Bubble hair.

d. Trichothiodystrophy.

5. Which of the following can be associated with senso-

rineural hearing loss?
a. Bjornstad syndrome.
b. Bubble hair.
c. Netherton syndrome.
d. Uncombable hair syndrome.

6. Which of the following is false regarding trichothi-
odystrophy?

a. It is caused by a mutation in nucleotide excision
repair.

b. Light microscopy reveals light and dark bands.

c. There are characteristic alternating light and dark
bands on polarizing microscopy.

d. Amino acid analysis of the hair demonstrates low
sulfur content.

7. Which of the following hair shaft disorders can result

from heat injury caused by a hair dryer?
a. Bubble hair.
b. Trichorrhexis invaginata.
c. Pili torti.
d. Trichothiodystrophy.
8. Which of the following hair shaft disorders is charac-
terized by a triangular hair shaft on cross-section?
a. Uncombable hair syndrome.
b. Trichothiodystrophy.
c. Pili annulati.
d. Trichorrhexis nodosa.

9. Which of the following is false regarding woolly hair?
a. In Naxos disease, it is associated with non-
epidermolytic palmoplantar keratoderma and cardio-
myopathy.

b. In Carvajal syndrome, it is associated with epider-
molytic palmoplantar keratoderma and left ventricu-
lar cardiomyopathy.
c. Woolly hair nevus is often associated with other
medical problems.
d. Often presents in infancy.

10. Which of the following hair shaft disorders is due to

air-filled cavities in the cortex of the hair shaft?

International Journal of Dermatology 2011, 50, 1-12
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a. Pili annulati.

b. Pseudopili annulati.
c. Trichothiodystrophy.
d. Monilethrix.
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