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Introduction

Uncombable hair syndrome was first reported in the medical lit-
erature in 1972 by Dupre et al. as cheveux incoiffables. However, 
the condition was described decades earlier by the German physi-
cian Heinrich Hoffmann in Struwwelpeter (Shockheaded Peter), a 
children’s story published in 1845 that was later translated into 
English by Mark Twain as Slovenly Peter (1).

Uncombable hair syndrome is also known as “spun glass hair” 
due to its clinical appearance, whereas “pili trianguli et canali-
culi” describes the hair shaft morphology under scanning elec-
tron microscopy (2). The condition was observed to be sporadic 
or inherited in an autosomal recessive manner. Uncombable hair 
may present as an isolated phenotype, or it may be syndromic.

This article reviews the available literature on uncombable hair 
syndrome and describes the cutaneous and systemic presentation 
with special reference to the underlying genetic component.

Methods

Google Scholar (scholar.google.com) was used to search for un-
combable hair syndrome and its synonyms. The search was con-
ducted on October 30th, 2021. Using the key phrases uncombable 
hair syndrome, spun glass hair, pili canaliculi et trianguli, pili 
trianguli et canaliculi, and cheveux incoiffables, a total of 603 re-
sults were retrieved, and each was assessed individually for both 
genetic and clinical aspects. Articles examining disease patho-
physiology were also considered. To expand the search of related 
genetic aspects, ClinVar (ncbi.nlm.nih.gov/clinvar) was used to 
search for the aforementioned key phrases on February 28th, 2021 
and repeated on October 30th, 2021. The genetic and clinical data 
were tabulated for each case manually and then the frequencies 

of reported clinical signs and symptoms were calculated.

Results and discussion

Background of patients

We were able to identify 64 reports documenting at least 127 cases. 
The full text of 10 publications (16% of publications; representing 
17% of cases, n = 22) could not be retrieved. Supplementary Table 
1 summarizes the published cases.

Where patient’s sex was reported, the syndrome was found to 
slightly predominate among females (53%, n = 34) in comparison 
to males (47%, n = 30). The youngest case at the time of report-
ing was 1 year of age and the oldest was 56 years. Where family 
history was reported, it was negative in 57% (n = 26) and posi-
tive in 43% (n = 20). Where the status of parental consanguinity 
was reported, it was negative for 77% of patients (n = 13), among 
which five cases had a positive family history, suggesting a pos-
sible dominant mode of inheritance. Parental consanguinity was 
positive for 24% of patients (n = 4), among which only two cases 
had a positive family history, indicating a possible recessive mode 
of inheritance.

Five different genes/regions were reported in 12 cases with 
uncombable hair syndrome, of which three were closely related; 
namely, peptidylarginine deiminase 3 (PADI3; 67%, n = 8), trans-
glutaminase 3 (TGM3; 8%, n = 1), and trichohyalin (TCHH; 8%, n = 
1). The remaining two were microdeletion of 17q.11.2 and poliovi-
rus receptor-like 1 (PVRL1). Microdeletion of 17q11.2 is associated 
with type-1 neurofibromatosis. Schena et al. (3) reported typical 
scanning electron microscopic hair findings of uncombable hair 
syndrome, including longitudinal groove and reniform or trian-
gular cross-sections in a 2-year-old girl that also displayed clinical
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findings of type-1 neurofibromatosis. Likewise, the PVRL1 gene is 
associated with ectodermal dysplasia. Yoshida et al. (4) reported 
the usual scanning electron microscopic findings of hair such as 
pili trianguli and pili canaliculi, in addition to pili torti in a 7-year-
old boy that exhibited hypohidrosis, hypodontia, and cleft lip/
palate, giving a diagnosis of cleft lip/palate-ectodermal dysplasia 
syndrome (Fig. 1).

Clinical presentation

Where hair condition was reported at birth, one-third (32%, n = 
7) of cases with uncombable hair syndrome had normal hair (5–
9) that was straight (10, 11) with good density (8, 9) and a good 
growth rate (8). However, congenital hair defects were reported in 
68% (n = 15) of cases, manifesting as light-colored hair (12–16) that 
was wispy (5), dry and frizzy (13, 14, 16), or woolly in texture (15) 
with a poor growth rate (17) and reduced density (15, 18) or even 
atrichia (12), improving by the age of 6 months (19). Congenital 
scalp abnormalities include chronic dermatitis (16) and scaly scalp 
(16). For patients born with normal scalp hair, the hair defect may 
become apparent within the first 6 months of life, the time when 
physiological shedding of newborn hair takes place. The earliest 

non-congenital hair changes were observed at the age of 3 (7) and 
4 months (10), and the latest was at the age of 11 years (9).

Upon presentation, characteristics of hair were available for 
52% (n = 66) of cases, of which 52% (n = 34) had an abnormal hair 
color. The hair color is usually light, commonly described as being 
blond (1, 11, 15, 20–32), reddish–blond (33), silvery-blond (10, 12, 
15, 19, 22, 34), silvery (9, 35), yellowish (13), or bright gold (15) that 
may also glisten (3, 35, 36) and shine (6, 29, 33) due to light reflec-
tion from the uneven hair surface (37). On the other hand, the hair 
has also been described as dull (34) and lusterless (38).

Where hair characteristics were described, 83% (n = 55) report-
ed a change in hair texture. The texture is usually described as 
dry (n = 14), coarse (n = 5), rough (n = 4), kinky (n = 1), wiry (n = 
1), crimped (n = 2), stiff (n = 1), or frizzy (n = 5), as well as tousled 
(n = 2), wavy (n = 3), curly (n = 2), and unruly (n = 9), resulting in 
a general unusual and peculiar appearance frequently described 
as standing straight up from the scalp or like a hedgehog’s spines. 
Although the hair is typically difficult to comb (n = 7), manage (n = 
4), or handle (n = 1), fine (n = 2) and soft (n = 1) hair has also been 
reported. The hair fibers are brittle (n = 4) and fragile (n = 2), but 
non-fragile hair fibers have also been observed (n = 2). Patches of 
uncombable hair might be found concurrently with normal hair 

OMIM = Online Mendelian Inheritance in Man, ND = not determined, SNP = single nucleotide polymorphism.

Table 1 | Genes and mutations associated with uncombable hair syndrome, summarized from the National Center for Biotechnology Information, unless stated 
otherwise.

Gene Variant
Name Function Variant Type Pathogenicity
Peptidyl arginine deiminase 3
(PADI3)

(OMIM * 606755)

Deaminates proteins: converts 
arginine to citrulline in presence
of calcium ions
Modulates structural hair proteins 
during hair follicle formation: 
filaggrin in hair follicle and 
trichohyalin in inner root sheath

c.C505T (p.Q169*)
c.T335A (p.L112H)
c.C881T (p.A294V)
c.C1372A (p.P458T) (74)
c.A1732T (p.K578*)(1)
c.C1813A (p.P605T)

SNP (nonsense)
SNP (missense)
SNP (missense)
SNP (missense)
SNP (nonsense)
SNP (missense)

Pathogenic
Pathogenic
Pathogenic
ND
ND
Pathogenic

Trans-glutaminase 3 (TGM3)

(OMIM * 600238)

Catalyzes glutamine-lysine 
crosslinking: involved in later
stages of cell envelope formation
in hair follicle

c.C1351T (p.Q451*) SNP (nonsense) Pathogenic

Trichohyalin (TCHH)

(OMIM * 190370)

Mechanically strengthens hair
follicle inner root sheath: forms 
crosslinked complexes with
keratin intermediate filaments

c.C5029T (p.Q1677*)
c.4774del (p.E1592fs)
c.1273_1274del (p.L425fs)
c.1272_1273insGAGGA (p.L425fs)
c.1255_1256del (p.L419fs)
c.1237_1238del (p.L413fs)
c.1236_1237insGAGGA (p.L413fs)
c.C991T (p.Q331*)

SNP (nonsense)
Deletion (frameshift)
Deletion (frameshift)
Insertion (frameshift)
Deletion (frameshift)
Deletion (frameshift)
Insertion (frameshift)
SNP (nonsense)

Pathogenic
Pathogenic
Pathogenic
Pathogenic
Pathogenic
Pathogenic
Pathogenic
Likely pathogenic

PVRL1

(OMIM * 600644)

Ca2+-independent adhesion
protein involved in adherence
and tight junctions in epithelial
and endothelial cells

c.C400T (p.R134*) (4) SNP (nonsense) ND

17q.11.2/(OMIM # 613675) Microdeletion (3) Microdeletion ND

Figure 1 | Frequency of gene variants in patients with uncombable hair syndrome.
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Figure 2 | Uncombable hair syndrome A) a 4-year-old girl with concurrent un-
combable hair and normal hair (courtesy of Tor Shwayder), B) a 19-month-old 
girl with spun glass hair (courtesy of Tor Shwayder), and C) a 4-year-old girl 
with blond rough hair (courtesy of Alejandro Novoa).

Figure 3 | Frequency of A) hair, B) cutaneous, and C) nail manifestations in uncombable hair syndrome.

Figure 4 | Longitudinal groove under electron microscopy in uncombable hair 
syndrome (courtesy of Ramón Grimalt).

(2%, n = 1), and uncombable hair may extend to involve the eye-
brows (17%, n = 2) and eyelashes (15%, n = 2), although the eye-
brows (83%, n = 10), eyelashes (85%, n = 11), and other body hair 
are generally uninvolved.

Hypotrichosis, potentially progressing to alopecia, was report-
ed among 17% (n = 11), probably due to slow growth of hair (11%, 
n = 7) and hair loss (3%, n = 2). Uncombable hair syndrome may 
co-occur with loose anagen hair syndrome (3%, n = 2), androgenic 
alopecia (2%, n = 1), alopecia areata (2%, n = 1), and scarring alo-
pecia (2%, n = 1) resulting from a scaly scalp or scalp with erythe-
matous crusted and pustular patches (16). These four concurrent 
hair disorders may contribute to hypotrichosis. However, normal 
hair growth has also been reported (3%, n = 2); see Figures 2 and 3.

Interestingly, although hair characteristics spontaneously im-
prove with age (9, 28, 38), clinical improvement in scalp lesions, 
hair, and nails have also been reported upon using daily supple-
ments of biotin (12, 16, 23, 27).

Uncombable hair under the microscope

Hair fibers collected from patients with uncombable hair syn-
drome were examined by Goerz et al. (30), who concluded that 
these hair fibers have normal thickness, strength, and tensile 

elongation. However, in clinical settings, hair fibers are exam-
ined by light and/or scanning electron microscopy. Routine light 
microscopy reveals longitudinal grooves along the hair shafts to-
gether with triangular, reniform, square (39), or oval (30) cross-
sections. These findings are also detectable using frozen sections 
(20). Sometimes nonspecific changes are observed under light mi-
croscopy, including thin hairs (7), hairs of variable diameter (35), 
twists (8, 15, 33), dark bands (40), pits, and uneven distribution of 
pigmentation (33).

Hair shaft abnormalities might go undetected under light mi-
croscopy (5, 15, 16, 23, 24, 41, 42), mandating scanning electron 
microscopic examination. Scanning electron microscopy usu-
ally reveals the two main findings mentioned above: canal-like 
grooves and triangular, reniform, oval, and less frequently (7, 15, 
43) heart-shaped (40) or completely irregular (44) cross-sections 
(Fig. 4). The grooves might be isolated (1, 15, 21, 39, 45–48), and 
they were reported to improve in parallel with clinical improve-
ment (28). Other scanning electron microscopic findings were 
twists (pili torti) (4, 9). In addition, the cuticle may appear weath-
ered (40) or scaly (27), showing diminished (9) or distorted scales 
(49). However, normal cuticular patterns along with normal cu-
ticular cells and keratinization have also been reported (16). In 
addition to light and scanning electron microscopy, longitudinal 
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grooves have also been detected bedside by trichoscopy (1, 32). 
However, transmission electron microscopy usually reveals nor-
mal hair cross-sections (8).

The specificity of the longitudinal grooves is uncertain. For 
instance, isolated longitudinal grooves were reported in loose 
anagen hair syndrome (50), Chédiak–Higashi syndrome with par-
kinsonism (51), giant axonal neuropathy (45, 52), acquired kink-
ing in hair (53), Marie Unna congenital hypotrichosis (54, 55), 
Rapp–Hodgkin syndrome (56), tricho-dento-osseous syndrome 
(57) and ankyloblepharon-ectodermal defects–cleft lip/palate 
syndromes (56). Longitudinal grooves are detectable in the hair 
shafts of healthy individuals, and so Aguiar et al. (43) claimed that 
longitudinal grooves are unspecific to uncombable hair syndrome 
(58). It was also suggested that such grooves might instead be an 
artefact, given that these are invisible in cross-sections (43). The 
sensitivity of longitudinal grooves is also questionable. Studies 
showed that grooves are seen in only 50% of hairs collected from 
patients with uncombable hair syndrome, suggesting that scan-
ning electron microscopy examination should not be limited to a 
small number of hair fibers. Grooves are also observed in monile-
thrix, pili torti, and progeria. Triangular and oval hair cross-sec-
tions are also nonspecific. These have also been observed in mu-
copolysaccharides and normal hair (43, 59). However, rectangular 
cross sections are observed in Rapp–Hodgkin syndrome (60).

Beyond microscopy

Uncombable hair fibers have been subject to many investigations. 
Interesting mathematical calculations to explain the stiffness of 
uncombable hair were suggested by Swift (61). The study hypoth-
esized that the internal structures of uncombable hair fibers (i.e., 
cuticle and cortex) resemble normal hairs. Mathematically, trian-
gular hairs always have a bending stiffness that is greater than 
elliptical (or circular); however, this is not true all the time. For 
instance, triangular hairs seem to potentially be 1.73 times stiffer 
compared to normal elliptical hairs, whereas Chinese hairs seems 
to be 2.85 stiffer than European hairs, although Chinese hairs are 
hardly considered stiffer in clinical practice. Hence, stiffness was 
attributed to other factors, including the outer layer of the pseu-
do-triangular hair, where curvatures contribute to stiffness.

Uncombable hair was also evaluated for degree of damage. 
Resonance running time examination showed that uncombable 
hair was comparable to grade 3 (brittle, weathered) and 4 (felting, 
tangling, matting) damaged hair (62).

Another study looked at the biochemical components of un-
combable hair. Protein solubilization using Trisurea-mercaptoeth-
anol buffer showed that uncombable hair had markedly reduced 
protein solubilization in comparison to normal hair. However, 
given that the matrix component was solubilized and X-ray dif-
fraction and strain tests were normal, the reason behind reduced 
solubilization could not be established (63). Hair sulfur content 
was also reported normal in multiple patients (14, 16).

Histologic examination of an affected scalp was conducted 
by Ahmed et al. (14), who reported that hematoxylin and eosin-
stained horizontal sections of scalp biopsy mostly showed a tri-
angular inner root sheath accompanied by deformed hair shafts. 
In addition, inner root sheath vacuolization along with irregular 
eosinophilic trichohyalin granules was observed. On the other 
hand, the external root sheaths, hair bulbs, and follicular unit 
numbers were normal.

Beyond the hair

Other ectodermal structures and functions were frequently report-
ed as normal (40), including skin (37%, n = 7), mucosa (n = 2), 
teeth (75%, n = 18), nails (72%, n = 21), and sweating (n = 11).

On the other hand, skin pathologies were also documented 
(63%, n = 12), such as dry skin (n = 1), atopic dermatitis (n = 10), 
lichen sclerosis (n = 1), dysplastic nevi (n = 1) and comedones  
(n = 1). In addition, tooth pathologies (25%, n = 6) manifesting as 
supernumerary teeth (n = 1), hypodontia (n = 1), conical defor-
mation (n = 1), enamel defects (n = 1), dental decay (n = 1); and 
nail pathologies (28%, n = 8) manifesting as small nails (n = 1), 
dystrophic nails (n = 1), dysplastic nails (n = 1), short brittle nails 
(n = 1), periodic shedding of nails (n = 1), absent nails (anonychia; 
n = 2), and onychoschizia (n = 1) have all been reported in the lit-
erature (Fig. 3).

Beyond the ectoderm

Uncombable hair syndrome usually presents with normal gen-
eral examination (n = 6), growth (n = 5), and development (n = 8). 
Neurologic assessment (n = 17), including psychomotor function  
(n = 5), electroencephalograph (n = 3), brain scans (n = 3), and in-
telligence quotient (n = 1); ophthalmic assessment (n = 6); hearing 
assessment (n = 3); cardiopulmonary assessment (n = 6), includ-
ing electrocardiogram (n = 3) and chest X-ray (n = 1); external geni-
talia (n = 1); and skeletal and osteoarticular assessment (n = 4), 
including cervical spine radiography (n = 1), are usually normal. 
In addition, apart from borderline changes in serum amino acids  
(n = 1), other investigations, including routine and special blood 
chemistries (n = 7), routine urine microscopy (n = 4), urinary ami-
no and organic acids (n = 4), karyograms (n = 2), investigations of 
the immune system (n = 1), and imaging, such as abdominal ultra-
sound and intravenous pyelograms (n = 2), have also been normal.

On the other hand, uncombable hair syndrome has been re-
ported concurrently with a wide spectrum of phenotypes, some 
of which are serious. For instance, a wide spectrum of dysmor-
phic features (n = 8) have been reported involving the face (thin 
pointed face (n = 1), bossing (n = 1) and receding hairline (n = 1)); 
the eyes (hypotelorism (n = 1), narrow palpebral fissures (n = 1), 
mongoloid slant (n = 1), everted eyelids (n = 1), and inner epican-
thal fold (n = 1)); the ears (low-set ears (n = 1), prominent antihelix 
(n = 1), poorly folded helix (n = 1) and cup-shaped ears (n = 2)); 
the nose (long nose (n = 2), prominent nose (n = 2), and narrow 
nasal bridge (n = 1)); the oral cavity (narrow lips (n = 1), high/
ached/short palate (n = 3), cleft lip/palate (n = 2), micrognathia (n 
= 1), and bifid uvula (n = 1)); and the hands and feet (small hands  
(n = 1), clubfoot (n = 1), short fingers/toes (n = 2), large toe (n = 
1), syndactyly (n = 2), clinodactyly (n = 2), extra digit (n = 1), and 
single palmar crease (n = 2)).

A neuropsychiatric/developmental assessment was reported 
as abnormal in eight cases. Reports include developmental delay 
(n = 4), mental retardation (n = 4), hyporeflexia (n = 2), hypotonia 
(n = 1), type-1 neurofibromatosis (n = 1), and poor motor coordina-
tion (n = 1). Likewise, ophthalmic abnormalities (n = 7) were re-
ported, including cataract (n = 3), pigmentary retinopathy (n = 3), 
visual impairment (n = 2), astigmatism (n = 1), squint (n = 1) and 
congenital absence of tears (n = 1). Otic abnormalities (n = 4) were 
hearing impairment/deafness (n = 2), recurrent otitis media (n = 
2), and periauricular pitting (n = 1). Cardiopulmonary disorders  
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(n = 3) were pneumonia (n = 2), asthma (n = 1), and bronchitis  
(n = 1); see Figure 5.

It is unclear whether this wide spectrum of systemic involve-
ment is incidental or if it reflects a true association.

Molecular aspects

Our literature review using Google Scholar and ClinVar revealed 
five mutated genes reported in cases with uncombable hair syn-
drome (Table 1). However, two of them, microdeletion of 17q11.2 
and PVRL1, are not closely related to the syndrome and are hence 
omitted from further analysis.

The remaining three genes, PADI3, TGM3, and TCHH, interact 
together. PADI3 converts arginine to citrulline, and hence it me-
diates deamination of TCHH and reduces its overall charge. This 
in turn facilitates TCHH association with keratin intermediate 
filaments. Both TCHH and keratin intermediate filaments are then 
crosslinked by TGM3 (37).

Peptidyl arginine deiminase 3 (PADI3)

PADI3 (OMIM * 606755) is a 35,136-nucleotide gene that is located 
on the short arm of chromosome 1 (1p36.13). The gene consists of 
18 exons and codes for a 664–amino acid. It is a cytoplasmic pro-
tein that is highly expressed in the urinary bladder, esophagus, 
and skin (64, 65).

PADI3 belongs to the peptidyl arginine deiminase family. In the 
presence of calcium ions, it converts positively charged arginine 
residues into neutral citrullines. This is particularly important in 
the modulation of filaggrin and trichohyalin during hair follicle 
formation (64).

According to OMIM, uncombable hair syndrome 1 (#191480) is 
an autosomal recessive disease caused by pathogenic variants in 
PADI3 (66). A literature review revealed six pathogenic variants 
in PADI3 that were reported in association with uncombable hair 
syndrome, five of which presented as either homozygote or com-
pound heterozygote, suggesting an autosomal recessive pattern 
of inheritance, whereas the zygosity status of the sixth patho-
genic variant could not be identified. Four pathogenic variants 
were missense and the remaining two were nonsense. Basmanav 
et al. (1) reported that three single nucleotide polymorphisms in 
uncombable hair syndrome (p.L112H, p.A294V, and p.P605T) are 
conserved across the five PADI human enzymes as well as across 

PADI3 genes in other species, suggesting an important role of 
these nucleotides. In addition, p.A294V and p.P458T modify the 
β-sheet and α-helix in the immunoglobulin-like domain NH-2, the 
calcium binding sites, and the catalytic sites. Functional studies 
revealed that the three single nucleotide polymorphisms and two 
nonsense pathogenic variants exhibited reduced, if any, activity.

Transglutaminase 3 (TGM3)

TGM3 (OMIM *600238) is a 45,079-nucleotide gene that is locat-
ed on the short arm of chromosome 20 (20p13). It consists of 13 
exons coding for a 693–amino acid protein. This gene is highly 
expressed in the esophagus and skin. It consists of 16 helices, 40 
beta sheets, and eight turns (67, 68).

TGM3 is found in the extracellular region, but it is also detect-
able within the cytoplasm. It catalyzes the calcium-dependent 
crosslinking formed between glutamine and lysine, which hard-
ens the inner root sheath in hair follicles (67, 68). TGM3 dysfunc-
tion impairs the crosslinking between trichohyalin and hair kerat-
ins, which in turn compromises the attachment of hair cuticle 
to cortex. The improvement of phenotype observed with aging 
among patients (and TGM3 knockout mice) is attributed to partial 
compensation of the lost protein (PADI3 or TGM3) with another 
isoform of PADIs or TGMs such as transglutaminase 1 and trans-
glutaminase 5 (37, 69, 70).

According to OMIM, uncombable hair syndrome 2 (#617251) is 
an autosomal recessive disease caused by pathogenic variants in 
TGM3 (66). A literature review revealed one reported pathogenic 
variant in association with uncombable hair syndrome present-
ing as a homozygote, confirming the autosomal recessive pattern 
of inheritance. In the reported single nucleotide polymorphism, 
thymine replaces cytosine in locus 1351, which induces a termina-
tion codon with a subsequent loss of 242 amino acids. Functional 
studies showed that the resulting short protein exhibits reduced 
enzymatic activity (1).

Trichohyalin (TCHH)

TCHH (OMIM *190370) is a 9,128-nucleotide gene located on the 
long arm of chromosome 1 (1q21.3). It consists of three exons cod-
ing for a 1,943–amino acid protein. It is expressed in many tissues, 
including the placenta, spleen, testes, and skin. TCHH consists of 
two domains; the first is 26 amino acids in length, and the second 
is 36 amino acids in length. Both domains are located within the 
S100-like region (71, 72).

TCHH is detectable in the cytoskeleton, cytosol, and cornified 
envelope. It provides mechanical strength to the hair follicle inner 
root sheath by forming crosslinked complexes with keratin inter-
mediate filaments (73).

According to OMIM, uncombable hair syndrome 3 (#617252) 
is an autosomal recessive disease caused by pathogenic variants 
in TCHH (66). A literature review retrieved eight pathogenic vari-
ants within TCHH, two of which are single nucleotide polymor-
phisms resulting in termination codons with a subsequent loss of 
266 amino acids in the first and 1,612 amino acids in the second; 
four deletions and another two insertions, resulting in frameshift 
pathogenic variants. Functional studies showed that the protein 
resulting from the termination codon with the loss of 1,612 amino 
acids is a very short protein that fails to properly interact with 
keratin intermediate filaments, and subsequently it loses its func-
tion in strengthening the inner root sheath of the hair follicle (73).

Figure 5 | Frequency of systemic disorders in uncombable hair syndrome.
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