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Abstract
Background

Hair is an ectodermal structure, and its formation is regulated by master genes important in
embryology. Hair shaft consists of three major regions: the medulla, cortex and cuticle. Hair shaft
abnormality will divide structural hair abnormalities into two broad categories - those associated with
increased hair fragility and those not associated with increased hair fragility. We conducted a review
study to assess hair shaft abnormality in children.

Materials and Methods

We conducted a review of all papers published on hair shaft abnormalities. A literature search was
performed using PubMed, Scopus and Google Scholar on papers publish from 1990 to 2016. The
search terms were: hair shaft abnormality, Hair loss, Hair fragility. All abstracts and full text English-
language articles were studied.

Results

While common developmental and structural features are shared in hair follicles and hair shafts.
Anomalies of the hair shaft are separated into those with and those without increased hair fragility.

Conclusion

Although hair has no vital function, it may serve as an indicator for human health. Clinical and
morphological hair abnormalities can be clues to specific complex disorders. Hair shaft abnormalities
can be inherited or acquired, can reflect a local problem or a systemic disease.
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1- INTRODUCTION

Hair is an ectodermal structure, and its
formation is regulated by master genes
important in embryology. The mammalian
hair follicle develops from the epidermis
(1). The major biochemical components of
human hair are the intermediate filaments
or Kkeratins and the Keratin-associated
proteins (2). Keratins belong to the
superfamily of proteins that form 8- to 10
nm filaments (IFs) in the cytoplasm of
many epithelial cells. The terminology for
human hair basic keratins is abbreviated
internationally as "hHb" (3).

Keratin-associated proteins are divided
into two groups, high-cysteine and high
glycine-tyrosine-rich polypeptides,
according to the amino acid composition.
Cysteine-rich keratins contain high-sulfur
(15-30%) proteins and ultra-high-sulfur
proteins composed of 30% cysteine
residues (4). A trichohyalin gene is only
characterized in rabbits so far, and further
work is necessary to unravel the human
homologue (5).

Hair shafts are made by the hair follicle, a
complex miniorgan of the skin, which
constitutes the pilosebaceous unit together
with its associated structures, the
sebaceous gland, the apocrine gland and
the arrector pili muscles. Hair follicle
formation largely takes place during fetal
and perinatal skin development. However,
after skin wounding de novo hair follicle
formation may also occur in adult mouse
and rabbit skin (6), and can even be
induced in adult human skin (7, 8).

Hair follicle development involves tightly
coordinated  prototypic  ectodermal-
mesodermal interactions (9, 10).
Ectodermal hair follicle stem cells give
rise to all epithelial components of the hair
follicle, including the sebaceous gland and
apocrine gland, while the mesoderm
derived cells will develop into the
follicular  dermal papilla and the
connective tissue sheath. Instead, neural
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crest-derived melanocyte progenitors give
rise to the hair follicle pigmentary unit
(11, 12). We conducted a review study to
assess hair shaft abnormality in children.

2- MATERIALS AND METHODS

We conducted a narrative review of all
papers  published on  hair shaft
abnormalities. A literature search was
performed using PubMed, Scopus and
Google Scholar on papers publish from
1990 to 2016. The search terms were:
"Hair shaft abnormality", "Hair loss", and
"Hair fragility”. All abstracts and full text
English-language articles were studied.

In addition the reference lists of identified
articles were scanned and related articles
link on PubMed was used to find relevant
articles. All studies that contained different
types of hair shaft abnormalities (acquired
or hereditary), with or without hair loss
included.

Articles about scarring alopecia and non-
scarring alopecia were excluded. Any
study that met the selection criteria,
regardless of the publication date, was
included in an initial phase of review.
Eligible articles were independently
assessed for quality by two authors.

3- RESULTS AND DISCUSSION

3-1. Types of hair

While common developmental and
structural features are shared in hair
follicles (HFs), and hair shafts, there are a
variety of hair types in a single organism.
In the mouse, there are four distinct hair
types making up the coat and specialized
hairs such as vibrissae, and tail hair (13),
which play important thermoregulatory
and sensory roles. In humans, there are
also different types of hair, although by
structure and localization, these cannot be
directly correlated to any specific hair type
in mice. Human hair grows everywhere on
the external body except for glabrous skin,
which is present on the palms of the hands,
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soles of the feet and lips. There are
specialized types of hair such as the hair
that is found on the eyebrows and
eyelashes. The density of hair (HFs per
area of skin) is determined during
development and  varies  between
individuals. The first hair type is formed in
fetal life and is called lanugo hair. This
type of hair is characterized as fine, non-
medullated, and lightly pigmented. Vellus
hair replaces lanugo hair on a human fetus
in late gestation, and is characteristically
short, non-medullated, and not associated
to a sebaceous gland.

On the scalp, vellus hair is replaced by
pigmented terminal hair before or shortly
after birth. On the body, vellus hair is
present throughout childhood and is
replaced by terminal hair in certain areas
of the body (arms, legs), during and after
puberty. The pituitary gland secretes
hormones that trigger the production of
androgens in the ovaries and testicles,
promoting replacement of vellus hairs with

Table-1: Features of hair shaft diseases (5)

coarse pubic hair in the pubic region and
terminal hair in the axillary region. In
addition, adult males develop terminal hair
on their face and chest (14). Although hair
has no vital function, it may serve as an
indicator for human health. Clinical and
morphological hair abnormalities can be
clues to specific complex disorders. The
human hair form and the diameter are
determined by the anatomy of the hair
follicle (15, 16).

Changes in the hair shaft can occur
physiologically such as in pregnancy but in
general mirror a disease process. Nissimov
and Elchalal (17), described for the first
time that hair diameter increases during a
normal physiological process. Anomalies
of the hair shaft are separated into those
with and those without increased hair
fragility. Hair shaft abnormalities can be
inherited or acquired, can reflect a local
problem or a systemic disease (Table.1).

Classification

Acquired or congenital

Exogenous or genetic

Diffuse or localized

Clinical aspect

Dry hair and lusterless

Uncombable hair

Fair hair

Breaks easily

Diagnosis History

Physical examination

Light and scanning

electron microscopy

Biochemical analysis

It is important to know whether the hairs
do never grow, or whether a defect in the
hair cycle exists such as in the anagen
phase, limiting the duration of hair growth.
The fact that alopecia in a given case is
caused by hair which is falling out to light
traction, while still growing may be a clue
for loose anagen hair syndrome. Most of
the genotrichoses show a Mendelian trait
of inheritance. However, some are non-
Mendelian phenotypes representing lethal
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mutations surviving only by mosaicism.
These traits may follow para dominant
inheritance as emphasized by Happle and
Konig (18). There are polygenic and
monogenic  hair  disorders.  Online
Mendelian inheritance in man’ gives 66
entries for hypotrichosis and 153 entries
for alopecia which illustrates the
heterogeneity of the problem. In the daily
work, a clinical classification of alopecia
which  also  includes  hair  shaft
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abnormalities as proposed by Happle
seems reasonable: (i) total or subtotal
absence of scalp hair in early childhood,
(if) more or less diffuse hypotrichosis that
may or may not deteriorate during life or
even diminish, (iii) absence of hair in
distinctly demarcated patches or streaks.
Complex systemic diseases may lead to
typical hair shaft alterations such as
trichorrhexis nodosa, trichorrhexis
invaginata, and trichoschisis. Hair shaft
disorders include "uncombable hair" with
a triangular and canaliculi diameter (19).

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
approach to making the diagnosis of a hair
shaft disorder is presented. 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
disorders is presented below. Although,
our emphasis is on the clinical presentation
and diagnosis of the hair shaft disorder, 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 (20).

3-2. Hair Shaft Alterations and the
Dysmorphologist

Hair changes may be a significant finding
or even the initial presentation of a
syndrome giving the clue to the diagnosis,
e.g. Trichothiodystrophy (TTD). Clinically
hair in these syndromes may be sparse,
slow growing, fragile and brittle,
Uncombable hair syndrome, dry and

Int J Pediatr, Vol.5, N.8, Serial No.44, Aug 2017

lusterless. The hair color may give further
information on the existence of genetic
disorders with hair shaft anomalies.
Clinical diagnosis in dysmorphology is
often like a puzzle, and numerous stones
help to complete the whole picture. Hair
morphology as a tool for the diagnosis of
genetic diseases has been recognized by
dysmorphologists (21).

In  Keratitis-ichthyosis-deafness  (KID)
syndrome  (keratosis, ichthyosis and
deafness), more than 90% of patients have
alopecia often associated with hair shaft
alterations (22). To investigate hair shaft
disorders, about 50 hairs should be
visualized under light microscopy. There
are exceptions such as Netherton
syndrome where repeated samples of hairs
may be necessary to confirm the diagnosis.
The hair sampling should be performed
where clinical hair abnormalities are most
prominent. There are hair shaft disorders
which have more impressive changes in
the occipital area because of maximal
trauma such as in TTD and monilethrix.

It is important to compare normal and
affected hairs. In patients with hair shaft
diseases, hair should be cut just above the
scalp to make sure that weathering of hair
which is found on the distal parts does not
interfere. In case no hair shaft alteration is
found, alopecia could result from a defect
in the hair cycling process, and therefore in
such cases hair should be plucked by a pair
of forceps with rubber or plastic tubing
over the tips as in loose anagen hair
syndrome or in dystrophic anagen hair.
Examination under light and scanning
electron microscopes is an important step
in the diagnosis of hair shaft disorders. A
diagnostic clue for breaking hair is a brush
on the distal end of the shaft. An important
question is also whether cuticles are
normal, sparse or even lacking.

3-3.  Hair Shaft
Ectodermal Dysplasias

Alterations in

5454



Rahmatpour Rokni and Laali

Ectodermal dysplasias are a large group of
heritable conditions characterized by
congenital defects of one or more
ectodermal structures (23). Selvaag et al.
(24), investigated hair samples of patients
with various ectodermal dysplasias such as
Hypohidrotic ~ Ectodermal Dysplasia
(HED), pachyonychia congenita, Tricho-
dento-osseous (TDO) syndrome, and
Trichorhinophalangeal syndrome type |
(TRPS1) by scanning electron microscopy.
The hairs of those patients showed
twisting, longitudinal grooves,
trichorrhexis nodosa and variations in hair
caliber (25).

Ectrodactyly, ectodermal dysplasia and
cleft palate (EEC) syndrome has initially
been described in 1804. Since then the
clinical spectrum has been further
delineated. EEC syndrome is an autosomal
dominant trait involving ectodermal and
mesodermal  tissue.  Marked  scalp
dermatitis may occur early in the disease
(26, 27). Scarring folliculitis in a 16-year-
old boy was observed by Trieb et al. (28).

They documented reduced hair elasticity
indicating either an abnormal composition
or a disordered arrangement of microfibrils
within the apparently normal Keratin
matrix. Hair is affected in all cases. Hair is
light colored, coarse and dry. Axillary and
pubic hair may be sparse. An increase in
hair pigmentation with age has been
observed. A germline missense mutation in
the p63 gene underlying EEC syndrome
has been reported (29).

3-4. Acquired hair shaft disorders with
increased fragility and breakage

Bubble hair occurs when bubbles form
within the hair cortex due to high
temperatures from styling with blow
dryers or curling irons (30). This leads to
hair breakage and alterations in hair
texture and manageability as seen in this
representative case (31). Hair dryers may
cause this deformity when they overheat,
especially when excess lint and hair are
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blocking the air intake of the hair dryer
(32). In a prior study, a temperature of
175-215 °C for 5 min was sufficient to
create these bubbles; however, if the heat
is applied to damp hair, the threshold could
be even lower (30, 33) .

3-5. Congenital hair shaft disorders
without increased fragility

Uncombable hair syndrome (UHS), pili
annulati, pseudo pili annulati, and woolly
hair UHS presents with characteristic
unruly hair that is difficult to style and has
the appearance of standing away from the
scalp (38). These changes are typically
noted in childhood, but acquired UHS has
been reported (39). UHS usually occurs
without any other associations, although
ocular, dental, or ectodermal defects (40)
have been reported in the setting of UHS
(41, 42). On light microscopic examination
of mounted hair, the shaft may have a
canal-like longitudinal groove along one or
two facets; however, this finding is subtle
and difficult to detect (37).

When hair cross-sections are examined
(not an office procedure), the characteristic
triangular or kidney-shaped appearance of
the hair shaft is diagnostic. 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 conditioner may
aid in managing the hair.

The etiology of this hair shaft disorder is
unknown. Pili annulati is a rare hair shaft
disorder characterized by bright and dark
bands when viewed with reflected light.
This banded appearance is attractive and
can affect the entire scalp, as well as the
axillae, beard, and pubic areas (43, 44).
There is no fragility, and the hair can grow
long. The bright bands correspond to
abnormal air-filled cavities within the hair
cortex (45-47). On a hair mount, these
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bright bands appear dark because
transmitted light is not permitted to pass
through. This differs from Pseudo pili
annulati in which there are no air-filled
cavities, and instead the banded
appearance is an optical effect stemming
from the partial twisting of the hair shaft in
an oscillating manner (48).

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. Immunohistochemical
studies of epithelial cytokeratins and
linkage studies of keratin gene clusters
among families with pili annulati have
been found to be normal (48). Recently,
the gene for pili annulati has been
localized to the telomeric region of
chromosome 12q (49). 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 (43).

3-6. Congenital hair shaft disorders with
increased fragility and breakage

Congenital Trichorrhexis nodosa (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 fragility 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
(Figurers 1, 2).

Fig.1: Pilitorti with increased fragility and breakage of hairs in Pierre Robin patient.
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Fig.2: Monilethrix. Monilethrix is a hair shaft disorder with increased fragility and breakage of hairs.

4- DISCUSSION

Argininosuccinic aciduria is an inborn
error of urea synthesis which can cause
mental retardation. This rare syndrome is
caused by a deficiency of the enzyme
argininosuccinate 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 present with failure to thrive that
can lead to lethargy and coma (66). The
hair defect was historically an important
diagnostic clue to this systemic disease.

TTD is a term that describes cysteine-
deficient brittle hair (67). 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 neuroectodermal
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 undulating, wavy
outline rather than the wusual straight
outline (68). There may be trichoschisis
fractures (69), TN-like fractures, and
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ribboning, which describes the flattened
hair shaft folded over itself like a ribbon
(70).  Polarizing microscopy further
supports the diagnosis, with hair shafts
showing alternating bright and dark (tiger
tail) bands (67), in the position of
darkness. Amino acid analysis of the hair
confirms the diagnosis with a cysteine
content reduced to less than half of normal
values. The wide variety 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. Neurological ~ abnormalities,
developmental delay, and
immunodeficiency, may also be present.

TTD is an autosomal recessive disorder,
and mutations in three different genes have
been implicated in its pathogenesis. These
genes, xeroderma pigmentosum group D
(XPD), xeroderma pigmentosum type B
(XPB), and L-tartrate dehydratase (ttdA),
are components of the transcription factor
Il H (Human), a multiprotein complex that
is involved in the nucleotide excision
repair pathway (69). Mutations in these
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genes are associated not only with TTD
but also with the rare genetic diseases
Xeroderma pigmentosum  (XP), and
Cockayne syndrome. 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 3-10. Sometimes this twisting
can be difficult to visualize with a hair
mount due to the flattening of the hair;
thus, if the diagnosis is suspected, the hair
may be viewed by light microscopy
without mounting media.

Although pili torti hair may be seen in
isolation, 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
(71). 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 (72). New research suggests
that these alterations may occur in the face
of mitochondrial dysfunction, and may be
influenced by the presence of reactive
oxygen species (73).

5- CONCLUSION

Although, hair has no vital function, it
may serve as an indicator for human
health. Clinical and morphological hair
abnormalities can be clues to specific
complex disorders. Changes in the hair
shaft can occur physiologically such as in
pregnancy but in general mirror a disease
process. Anomalies of the hair shaft are
separated into those with and those without
increased hair  fragility. Hair shaft
abnormalities can be inherited or acquired,
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can reflect a local problem or a systemic
disease.

6- CONFLICT OF INTEREST: None.

7- ACKNOWLEDGMENT

We appreciate the research deputy of
Mazandaran  University of Medical
sciences for their financial support.

8- REFERENCES

1. Itin PH. Embryologie der Haut; in Traupe
H, Hamm H (eds). Padiatrische Dermatologie.
Berlin: Springer; 1999. Pp.1-9.

2. Powell BC, Rogers GE. The role of keratin
proteins and their genes in the growth,
structure and properties of hair. EMBO
J. 1997; 78:59-148.

3. Jolles P, Zahn H, Hocker H (eds).
Formation and Structure of Human Hair.
Basel: Birkhauser; 1997. Pp. 59-148.

4. Emonet N, Michaille JJ, Dhouailly D.
Isolation and characterization of genomic
clones of human sequences presumably coding
for hair cysteine-rich proteins. J Dermatol Sci
1997; 14: 1-11.

5. Itin PH, Sarasin A, Pittelkow MR.
Trichothiodystrophy. Update on the sulfur-

deficient brittle hair syndromes. J Am Acad
Dermatol 2001; 44: 891-920.

6. Ito M, Yang Z, Andl T, Cui C, Kim N,
Millar SE, Cotsarelis G. Wnt-dependent de
novo hair follicle regeneration in adult mouse
skin after wounding. Nature 2007; 447: 316—
20.

7. Reynolds AJ, Lawrence C, Cserhalmi-
Friedman PB, Christiano AM, Jahoda CA.
Trans-gender induction of hair follicles.
Nature 1999; 402: 33-4.

8. Chuong CM, Cotsarelis G, Stenn K.
Defining hair follicles in the age of stem cell
bioengineering. J Invest Dermatol 2007; 127:
2098-2100.

9. Schmidt-Ullrich R, Paus R. Molecular
principles of hair follicle induction and
morphogenesis. Bioessays 2005; 27: 247-61.

5458



Rahmatpour Rokni and Laali

10. Fuchs E. Scratching the surface of skin
development. Nature 2007; 445: 834-42.

11. Rahmatpour Rokni Ghasem, Bahar Adele,
Sharifian MAhnaz. Etiological diagnosis of
hirsutism and its associated symptoms in
premenopausal women. Clinical, Cosmetic and
Investigational Dermatology 2016; (7): 31-7.
[Persian]

12. Fuchs E, Horsley V. More than one way to
skin. Genes Dev 2008; 22: 976-85.

13. Duverger O, Morasso MlI. Epidermal
patterning and induction of different hair types
during mouse embryonic development. Birth
Defects Res C Embryo Today 2009; 87: 263—
72.

14. Muller-Rover S, Handjiski B, van der
Veen C, Eichmuller S, Foitzik K, McKay IA,
et al. A comprehensive guide for the accurate
classification of murine hair follicles in
distinct hair cycle stages. J Invest Dermatol
2001; 117: 3-15.

15. Lindelof B, Forslind B, Hedblad MA,
Kaveus U. Human hair form: Morphology
revealed by light and scanning electron
microscopy and computer aided three-
dimensional reconstruction. Arch Dermatol
1990; 124: 1359-63.

16. Rahmatpour Rokni Gh, HeidariGorji AM,
Sharifian M, Rezaei Talarposhti AH. The
Relationship between Androgenic Alopecia
and Prostate Cancer. International Journal of
Medical Research and Health Sciences 2016;
5: 23-9.

17. Nissimov J, Elchalal U. Scalp hair
diameter increases during pregnancy. Clin Exp
Dermatol 2003; 28: 525-30.

18. Happle R, Konig A. Familial
naevussebaceus may be explained by
paradominanz transmission. Br J Dermatol
1999; 144: 377.

19. Happle R. Genetic hair loss. ClinDermatol
2001; 19: 121-8.

20. Mirmirani P. What is your diagnosis?
Bubble hair. Cutis 2008; 82: 176.

21. Silengo M, Valenzise M, Sorasio L,
Ferrero GB. Hair as a diagnostic tool in
dysmorphology. Clin Genet 2002; 62: 270-2.

Int J Pediatr, Vol.5, N.8, Serial No.44, Aug 2017

22. Itin P. KID syndrome; in Schachner LA,
Hansen  RC:  Pediatric ~ Dermatology.
Edinbourgh: Mosby; 2003.Pp. 416-8.

23. Itin PH, Fistarol SK. Ectodermal
dysplasias. Am J Med Genet 2004; 131: 45—
51.

24, Selvaag E, Aas AM, Heide S. Structural
hair shaft abnormalities in hypomelanosis of
Ito and other ectodermal dysplasias.
ActaPaediatr 2000; 89: 610-2.

25. Gilgenkrantz S, Blanchet-Bardon C,
Nazzaro V, Mujica P, Alembik Y.
Hypohidrotic ectodermal dysplasia: Clinical
study of a family of 30 over three generations.
Hum Genet 1990; 81: 120-2.

26. Fosko SW, Stenn KS, Bolognia JL.
Ectodermal dysplasias associated  with
clefting: Significance of scalp dermatitis. ] Am
Acad Dermatol 1992; 27: 249-56.

27. Trieb RM, Bruckner-Tuderman L, Wyss
M, Widmer M, Withrich B, Burg G. Scalp
dermatitis, distinctive hair abnormalities and
atopic disease in the ectrodactyly-ectodermal
dysplasia-clefting syndrome. Br J Dermatol
1995; 132: 621-5.

28. Trieb RM, Tsambaos D, Spycher MA,
Mdiller J, Burg G. Scarring folliculitis in the
ectrodactyly-ectodermal dysplasia-clefting
syndrome: Histologic, scanning electron-
microscopic and biophysical studies of hair.
Dermatology 1997; 194: 191-4.

29. Wessagowit V, Mellerio JE, Pembroke
AC, McGrath JA. Heterozygous germline
missense mutation in the p63 gene underlying
EEC syndrome. Clin Exp Dermatol 2000; 25:
441-3.

30. Krasnoff J, Glusac E, Bolognia JL. Bubble
hair — a possible explanation for its
distribution. Int J Dermatol 1998; 37: 380-2.

31. Brown VM, Crounse RG, Abele DC. An
unusual new hair shaft abnormality: "bubble
hair". J Am AcadDermatol 1991; 15: 1113-17.

32. Susan P. Detwiler, Johnny L. Carson, John
T. Woosley, Todd M. Gambling, Robert A.
Briggaman

Bubble hair. Case caused by an overheating
hair dryer and reproducibility in normal hair

5459


javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);
javascript:void(0);

Hair Shaft Abnormality in Children

with heat. J Am Acad Dermatol 1994; 30: 54—
60.

33. Gummer CL. Bubble hair: a cosmetic
abnormality caused by brief, focal heating of
damp hair fibres. Br J Dermatol 1994; 131:
901-3.

34. Mirmirani P. Ceramic flat irons: improper
use leading to acquired trichorrhexisnodosa. J
Am Acad Dermatol 2010; 62: 145-7.

35. Farshchian M, Ansar A, Zamanian A,
Rahmatpour Rokni Gh, _ Kimyai-Asadi A,
Farshchian M. Drug-induced skin reactions: a
2-year study. Clinical, Cosmetic and
Investigational Dermatology 2015:8 1-4.
[Persian]

36. Rogers M. Hair shaft abnormalities: Part I.
Australas J Dermatol 1995; 36: 179-84.

37. Fichtel JC, Richards JA, Davis LS.
Trichorrhexisnodosa secondary to
argininosuccinic aciduria. Pediatr Dermatol
2007; 24: 25-7.

38. Ravella A, Pujol RM, Noguera X, de
Moragas JM. Localized pilicanaliculi and
trianguli. J Am Acad Dermatol 1997; 17: 377—
80.

39. Kuhn CA, Helm TN, Bergfeld WF,
McMahon JT. Acquired uncombable hair.
Arch Dermatol 1993; 129: 1061-2.

40. Shelley WB, Shelley ED. Uncombable hair
syndrome: observations on response to biotin
and occurrence in siblings with ectodermal
dysplasia. J Am Acad Dermatol 1985; 13: 97—
102.

41. Schena D, Germi L, Zamperetti MR, Darra
F, Giacopuzzi S, Girolomoni G. Uncombable
hair syndrome, mental retardation, single
palmar crease and arched palate in a patient

with neurofibromatosis type 1. Pediatr
Dermatol 2007; 24: 73-5.

42. Jarell AD, Hall MA, Sperling LC.
Uncombable hair syndrome. Pediatr Dermatol
2007; 24: 436-8.

43. Giehl KA, Ferguson DJP, Dean D, Chuang
YH, Allen J, Berker DARDE, et al. Alterations
in the basement membrane zone in pili
annulati hair follicles as demonstrated by
electron microscopy and
immunohistochemistry. British Journal of

Int J Pediatr, Vol.5, N.8, Serial No.44, Aug 2017

Dermatology 2004; 150: 722-217.
doi:10.1111/j.0007-0963.2004.05837.x

44. Cady L. A study of ringed hair. Arch Derm
Syph 1922; 6: 301-17.

45. Giehl KA, Ferguson DJ, Dawber RP,
Pittelkow MR, Foehles J, de Berker DA.
Update on detection, morphology and fragility
in pili annulati in three kindreds. J Eur Acad
Dermatol Venereol 2004; 18: 654-8.

46. Price VH, Thomas RS, Jones FT. Pili
annulati. Optical and electron microscopic
studies. Arch Dermatol 1998; 98: 640—7.

47, Gummer CL, Dawber RP. Pili annulati:
electron histochemical studies on affected
hairs. Br J Dermatol 1991; 105: 303-9.

48. Giehl KA, Dean D, Dawber RPR, Leigh I,
De Berker DAR, Wojnarowska F. Cytokeratin
expression in pili annulati hair follicles.
Clinical and Experimental Dermatology 2005;
30: 426-28. doi:10.1111/j.1365-
2230.2005.01812.x

49. Green J, Fitzpatrick E, de Berker D, et al.
A gene for pili annulati maps to the telomeric
region of chromosome 12q. J Invest Dermatol
2004; 123: 1070-72. PubMed: 15610516
DOI: 10.1111/j.0022-202X.2004.23500.x

50. Lantis SD, Pepper MC. Woolly hair nevus.
Two case reports and a discussion of unruly
hair forms. Arch Dermatol 1998; 114: 233-8.

51. Ormerod AD, Main RA, Ryder ML,
Gregory DW. A family with diffuse partial
woolly hair. Br J Dermatol 1997; 116: 401-5.

52. Tursen U, Kaya TI, Ikizoglu G, Aktekin
M, Aras N. Genetic syndrome with ichthyosis:
congenital ichthyosis, follicular atrophoderma,
hypotrichosis, and woolly hair; second report.
Br J Dermatol 2002; 147: 604-6.

53. Chien AJ, Valentine MC, Sybert VP.
Hereditary woolly hair and keratosis pilaris. J
Am Acad Dermatol 2006; 54: 35-9.

54. Antonella Tosti, Cosimo Misciali, Bianca
Maria Piraccini, Pier Alessandro Fanti, Mauro
Barbareschi, Rossella Maria Ferretti. Woolly
hair, palmoplantar keratoderma, and cardiac
abnormalities: report of a family. Arch
Dermatol 1994; 130: 522—4.

55. McHenry PM, Nevin NC, Bingham EA.
The association of keratosis pilaris atrophicans

5460


https://www.ncbi.nlm.nih.gov/pubmed/?term=Kimyai-Asadi%20A%5BAuthor%5D&cauthor=true&cauthor_uid=25709487
https://www.ncbi.nlm.nih.gov/pubmed/?term=Schena%20D%5BAuthor%5D&cauthor=true&cauthor_uid=17958786
https://www.ncbi.nlm.nih.gov/pubmed/?term=Germi%20L%5BAuthor%5D&cauthor=true&cauthor_uid=17958786
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zamperetti%20MR%5BAuthor%5D&cauthor=true&cauthor_uid=17958786
https://www.ncbi.nlm.nih.gov/pubmed/?term=Darra%20F%5BAuthor%5D&cauthor=true&cauthor_uid=17958786
https://www.ncbi.nlm.nih.gov/pubmed/?term=Darra%20F%5BAuthor%5D&cauthor=true&cauthor_uid=17958786
https://www.ncbi.nlm.nih.gov/pubmed/?term=Giacopuzzi%20S%5BAuthor%5D&cauthor=true&cauthor_uid=17958786
https://www.ncbi.nlm.nih.gov/pubmed/?term=Girolomoni%20G%5BAuthor%5D&cauthor=true&cauthor_uid=17958786
https://www.ncbi.nlm.nih.gov/pubmed/?term=Giehl%20KA%5BAuthor%5D&cauthor=true&cauthor_uid=15482289
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ferguson%20DJ%5BAuthor%5D&cauthor=true&cauthor_uid=15482289
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dawber%20RP%5BAuthor%5D&cauthor=true&cauthor_uid=15482289
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pittelkow%20MR%5BAuthor%5D&cauthor=true&cauthor_uid=15482289
https://www.ncbi.nlm.nih.gov/pubmed/?term=Foehles%20J%5BAuthor%5D&cauthor=true&cauthor_uid=15482289
https://www.ncbi.nlm.nih.gov/pubmed/?term=de%20Berker%20DA%5BAuthor%5D&cauthor=true&cauthor_uid=15482289
http://www.ncbi.nlm.nih.gov/pubmed/15610516/
http://dx.doi.org/10.1111/j.0022-202x.2004.23500.x
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tursen%20U%5BAuthor%5D&cauthor=true&cauthor_uid=12207612
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kaya%20TI%5BAuthor%5D&cauthor=true&cauthor_uid=12207612
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ikizoglu%20G%5BAuthor%5D&cauthor=true&cauthor_uid=12207612
https://www.ncbi.nlm.nih.gov/pubmed/?term=Aktekin%20M%5BAuthor%5D&cauthor=true&cauthor_uid=12207612
https://www.ncbi.nlm.nih.gov/pubmed/?term=Aktekin%20M%5BAuthor%5D&cauthor=true&cauthor_uid=12207612
https://www.ncbi.nlm.nih.gov/pubmed/?term=Aras%20N%5BAuthor%5D&cauthor=true&cauthor_uid=12207612
http://jamanetwork.com/searchresults?author=Antonella+Tosti&q=Antonella+Tosti
http://jamanetwork.com/searchresults?author=Cosimo+Misciali&q=Cosimo+Misciali
http://jamanetwork.com/searchresults?author=Bianca+Maria+Piraccini&q=Bianca+Maria+Piraccini
http://jamanetwork.com/searchresults?author=Bianca+Maria+Piraccini&q=Bianca+Maria+Piraccini
http://jamanetwork.com/searchresults?author=Pier+Alessandro+Fanti&q=Pier+Alessandro+Fanti
http://jamanetwork.com/searchresults?author=Mauro+Barbareschi&q=Mauro+Barbareschi
http://jamanetwork.com/searchresults?author=Mauro+Barbareschi&q=Mauro+Barbareschi
http://jamanetwork.com/searchresults?author=Rossella+Maria+Ferretti&q=Rossella+Maria+Ferretti

Rahmatpour Rokni and Laali

with hereditary woolly hair. Pediatr Dermatol
1990; 7: 202-4.

56. Neild VS, Pegum JS, Wells RS. The
association of keratosis pilarisatrophicans and
woolly hair, with and without Noonan’s
syndrome. Br J Dermatol 1984; 110: 357-62.

57. Carvajal-Huerta L. Epidermolytic
palmoplantar keratoderma with woolly hair
and dilated cardiomyopathy. J Am Acad
Dermatol 1998; 39: 418-21.

58. Roberts A, Allanson J, Jadico SK,
Kavamura MI, Noonan J, Opitz JM, et al. The
cardiofaciocutaneous syndrome. J Med Genet
2006; 43: 833-42.

59. Zandi S, Farajzadeh S. A new cardiac
manifestation associated with woolly hair:
report of two cases of woolly hair,
palmoplantar keratoderma, and mitral valve
regurgitation. Int J Dermatol 2007; 46: 952—4.

60. Lacarrubba F, Dall'Oglio F, Rossi A,
Schwartz RA, Micali G. Familial keratosis
follicularisspinulosadecalvans associated with
woolly hair. Int J Dermatol 2007; 46: 840—
843.

61. Kumaran S, Dogra S, Handa S, Kanwar
AJ. Woolly hair nevus. Pediatr Dermatol 2004;
21: 609-10.

62. Goldin HM, Bronson DM, Fretzin DF.
Woolly-hair nevus: a case report and study by
scanning  electron  microscopy.  Pediatr
Dermatol 1984; 2: 41-4.

63. Taylor AE. Hereditary woolly hair with
ocular involvement.Br J Dermatol 1990; 123:
523-5.

64. Mortimer PS. Unruly hair. Br J Dermatol
1985; 113: 467-73.

65. Amichai B, Grunwald MH, Halevy S. A
child with a localized hair abnormality.

Int J Pediatr, Vol.5, N.8, Serial No.44, Aug 2017

Woolly hair nevus. Arch Dermatol 1996; 132:
573-4.

66. Urea Cycle Disorders Conference group.
Consensus statement from a conference for the
management of patients with urea cycle
disorders. J Pediatr 2001; 138: 1-5.

67. Price VH, Odom RB, Ward WH, Jones FT.
Trichothiodystrophy: sulfur-deficient brittle
hair as a marker for a neuroectodermal
symptom complex. Arch Dermatol 1980; 116:
1375-84.

68. Sperling LC, DiGiovanna JJ. Curly wood
and tiger tails: an explanation for light and
dark  banding with  polarization in
trichothiodystrophy. Arch Dermatol 2003;
139: 1189-92.

69. Itin PH, Sarasin A, Pittelkow MR.
Trichothiodystrophy: update on the sulfur-
deficient brittle hair syndromes. J Am Acad
Dermatol 2001; 44: 891-920.

70. Liang C, Morris A, Schliicker S, Imoto K,
Price VH, Menefee E, et al. Structural and
molecular hair abnormalities in
trichothiodystrophy. J Invest Dermatol 2006;
126: 2210-16.

71. Richards KA, Mancini AJ. Three members
of a family with pilitorti and sensorineural
hearing loss: the Bjornstad syndrome. J Am
Acad Dermatol 2002; 46: 301-3.

72. Maruyama T, Toyoda M, Kanei A,
Morohashi M. Pathogenesis in pili torti:
morphological study. J Dermatol Sci 1994;
7(Suppl): 5-12.

73. Hinson JT, Fantin VR, Schonberger J,
Breivik N, Siem G, McDonough B,, et al.
Missense mutations in the BCS1L gene as a
cause of the Bjornstad syndrome. N Engl J
Med 2007; 356: 809-19.

5461


https://www.ncbi.nlm.nih.gov/pubmed/?term=Roberts%20A%5BAuthor%5D&cauthor=true&cauthor_uid=16825433
https://www.ncbi.nlm.nih.gov/pubmed/?term=Allanson%20J%5BAuthor%5D&cauthor=true&cauthor_uid=16825433
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jadico%20SK%5BAuthor%5D&cauthor=true&cauthor_uid=16825433
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kavamura%20MI%5BAuthor%5D&cauthor=true&cauthor_uid=16825433
https://www.ncbi.nlm.nih.gov/pubmed/?term=Noonan%20J%5BAuthor%5D&cauthor=true&cauthor_uid=16825433
https://www.ncbi.nlm.nih.gov/pubmed/?term=Opitz%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=16825433
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lacarrubba%20F%5BAuthor%5D&cauthor=true&cauthor_uid=17651168
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dall'Oglio%20F%5BAuthor%5D&cauthor=true&cauthor_uid=17651168
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rossi%20A%5BAuthor%5D&cauthor=true&cauthor_uid=17651168
https://www.ncbi.nlm.nih.gov/pubmed/?term=Schwartz%20RA%5BAuthor%5D&cauthor=true&cauthor_uid=17651168
https://www.ncbi.nlm.nih.gov/pubmed/?term=Micali%20G%5BAuthor%5D&cauthor=true&cauthor_uid=17651168
https://www.ncbi.nlm.nih.gov/pubmed/?term=Liang%20C%5BAuthor%5D&cauthor=true&cauthor_uid=16728971
https://www.ncbi.nlm.nih.gov/pubmed/?term=Morris%20A%5BAuthor%5D&cauthor=true&cauthor_uid=16728971
https://www.ncbi.nlm.nih.gov/pubmed/?term=Schl%C3%BCcker%20S%5BAuthor%5D&cauthor=true&cauthor_uid=16728971
https://www.ncbi.nlm.nih.gov/pubmed/?term=Imoto%20K%5BAuthor%5D&cauthor=true&cauthor_uid=16728971
https://www.ncbi.nlm.nih.gov/pubmed/?term=Price%20VH%5BAuthor%5D&cauthor=true&cauthor_uid=16728971
https://www.ncbi.nlm.nih.gov/pubmed/?term=Menefee%20E%5BAuthor%5D&cauthor=true&cauthor_uid=16728971
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hinson%20JT%5BAuthor%5D&cauthor=true&cauthor_uid=17314340
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fantin%20VR%5BAuthor%5D&cauthor=true&cauthor_uid=17314340
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sch%C3%B6nberger%20J%5BAuthor%5D&cauthor=true&cauthor_uid=17314340
https://www.ncbi.nlm.nih.gov/pubmed/?term=Breivik%20N%5BAuthor%5D&cauthor=true&cauthor_uid=17314340
https://www.ncbi.nlm.nih.gov/pubmed/?term=Siem%20G%5BAuthor%5D&cauthor=true&cauthor_uid=17314340
https://www.ncbi.nlm.nih.gov/pubmed/?term=McDonough%20B%5BAuthor%5D&cauthor=true&cauthor_uid=17314340

