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Abstract

Traction alopecia (TA) is hair loss caused by prolonged pulling or repetitive tension on scalp
hair; it belongs to the biphasic group of primary alopecia. It is non-scarring, typically with
preservation of follicular stem cells and the potential for regrowth of early lesions especial-
ly if traction hairstyles are stopped. However, the alopecia may become permanent (scarring)
and fail to respond to treatment if the traction is excessive and prolonged. Hence, the abil-
ity to detect fibrosis early in these lesions could predict patients who respond to treatment.
Histopathological diagnosis based on scalp biopsies has been used as a gold standard to
delineate various forms of non-scarring alopecia and to differentiate them from scarring
ones. However, due to potential discrepant reporting as a result of the type of biopsy, meth-
od of sectioning, and site of biopsy, histopathology often tends to be unreliable for the
early recognition of fibrosis in TA. In this study, 45 patients were assessed using the mar-
ginal TA severity scoring system, and their biopsies (both longitudinal and transverse sec-
tions) were systematically assessed by three dermatopathologists, the aim being to correlate
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histopathological findings with clinical staging. Intraclass correlation coefficients were used
to determine the level of agreement between the assessors. We found poor agreement of
the identification and grading of perifollicular and interfollicular fibrosis (0.55 [0.23-0.75]
and 0.01 [2.20-0.41], respectively), and no correlation could be drawn with the clinical sever-
ity score. Better methods of diagnosis are needed for grading and for recognition of early

fibrosis in TA. © 2019 The Author(s)
Published by S. Karger AG, Basel

Introduction

Traction alopecia (TA) is a form of acquired hair loss that results from prolonged pulling
or repetitive tension on scalp hair [1]. It is the commonest form of hair loss affecting about
30% of African women [2, 3]. TA was found to be presentin 17.1% of school girlsand in 31.7%
of females older than 18 years of age [2]. It is caused by chronic traction from hairstyles
(braids, pulled back hair, weaves, and the use of elastic bands for the hair); the risk is higher
with traction on chemically relaxed hair [2]. The location of TA wholly depends on an indi-
vidual’s hair care practice and mostly affects the front hairline and sides of the scalp. The
clinical spectrum of TA ranges from acute to chronic, and it is considered a non-inflammatory,
non-scarring, biphasic form of alopecia (i.e., initially reversible but can become scarring in
chronic disease) [4]. The fringe sign, which is the retention of hair along the marginal hairline,
is often observed in TA [5].

Although TA has been well characterized clinically, its histopathological features are
poorly characterized. For example, it can be challenging to delineate TA from other types of
non-scarring alopecia, such as alopecia areata in the absence of the classical peribulbar
inflammation seen in this type of alopecia [6]. Classically, TA is characterized by a reduction
in the number of terminal hair follicles with a normal amount of vellus hair [6].

Currently, semi-quantitative parameters, such as the terminal-to-vellus hair ratio,
percentage of telogen hair, and follicular density determined using transverse scalp biopsy
sections [7], have been used in combination with histomorphological assessment to differen-
tiate TA from other forms of alopecia [7, 8]. Histologically, early features include perifollicular
and intrafollicular haemorrhage, as well as the presence of pigment casts [9, 10]. Also, hair
follicle numbers are normal; however, there is an increase in catagen/telogen follicles. The
late stage shows decreased terminal hair follicles with preservation of vellus hair follicles and
sebaceous glands [11, 12]. Follicular units at the level of the isthmus are replaced by fibrosis,
and, hence, permanent alopecia ensues. Although features of late-stage scarring are well char-
acterized clinicopathologically in TA, there are no known clinical features that correlate with
the histopathological features of scarring that develop in chronic alopecia areata, further
making them difficult to delineate. The marginal TA severity (M-TAS) scale is a clinical grading
tool which has been developed to provide an objective method to grade the severity of TA [3].
Although not intended as a diagnostic tool, M-TAS was developed as a severity scoring system
for marginal TA and to test its reliability.

Against this backdrop, this study aims to determine the reliability of histopathological
grading for the early recognition of fibrosis in TA and to determine whether it is possible to
correlate clinical presentation with the severity of histopathological scarring - given that TA
is biphasic histopathologically. This could guide the clinician in deciding which patients are
offered early treatment as later stage is permanent [13]. We also wanted to know if there
would be good interobserver correlation in assessing histopathological findings. In this study,
we have used M-TAS as a clinical grading tool that will be correlated with the histopatho-
logical findings of fibrosis in TA.
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Materials and Methods

Study Design

This is a prospective, observational study of 45 women who were clinically diagnosed
as having TA (details are listed in the online suppl. Table; for all online suppl. material, see
www.karger.com/doi/10.1159/000500509).

Study Participant Selection

Participants enrolled for this study were healthy adults who were older than 18 years and
were recruited from University of Cape Town students, the staff of the Groote Schuur Hospital,
and visitors accompanying patients to the Groote Schuur Hospital in Cape Town, South Africa.
A total of 45 patients were graded for severity of TA using the M-TAS severity grading system
(Fig. 1). Permission was granted for taking longitudinal and cross-section biopsies of the scalp,
which were independently and systematically assessed by 3 pathologists.

Inclusion Criteria

All participants have Afro-textured hair (which can be defined as hair that originates from
a curved hair follicle and is tightly curly or has spiral curls). Only TA cases diagnosed by a
dermatologist were included. The participants did not have any hair colour or dye applied
within the previous 6 weeks of the biopsy. Also, the participants were not wearing hair exten-
sions/braid extensions, hair weaves, or other forms of artificial hair cosmesis. The last reported
application of relaxer to the participants’ hair was atleast 2 weeks prior to the study, they were
not using any prescription medications that may affect hair growth or loss, and they are not
under any medical treatment. All selected participants were able to complete a hair history
questionnaire and were able to provide informed consent to participate in the study.

Standardized Photography

Photographs of the participants’ hairline were taken without any identifying physical or
facial features at each visit. The identifier to match patient intake form, photo, and biopsy
samples consisted of a number code assigned to each participant to de-identify them.

Hair Loss Severity

For the development of M-TAS, margins of the scalp were divided into anterior and
posterior. Both anterior and posterior regions were further subdivided into 3 areas using the
temporalis muscle and the mastoid process as landmarks. A total of 6 areas were identified,
which were each assessed by the examiner [3]. Large interclass correlation coefficients were
previously observed, and interobserver agreement was reported to be substantial to excellent
for both anterior and posterior areas [3]. Investigator assessment was performed using vali-
dated M-TAS scores, and standard photography was used for comparisons made by 3 blinded
assessors.

Procedure on Visits

Visit 1 (Day 1)

An area affected by TA was chosen in each patient. Standard 4-mm “punch” biopsies were
performed on the selected areas under aseptic conditions and local anaesthetic (lignocaine).
The sites were sutured with two 5.0 nylon sutures and covered with a bandage.

Visit 2 (Day 8)

Eight days later, the sutures were removed by a study doctor, and the site was inspected
for appropriate wound healing.
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Left
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Fig. 1. The marginal traction alopecia severity score (M-TAS) showing regions that are assessed to provide
an objective assessment of severity grading for traction alopecia (reproduced with permission from

Khumalo et al. [3]).
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M-TAS by age category

1 (1950-1960) 2 (1961-1970) 3 (1971-1980) 4 (1981—1990)

Fig. 2. Bar graph showing clinical severity scoring of traction alopecia (TA) for 45 participants using the
M-TAS score. The stage 2 score was very high in all 4 decades. Stage 4 TA was not detected in participants
born between 1950 and 1980; however, a participant born between 1980 and 1990 had stage 4.

Histopathology

All scalp biopsy specimens taken on day 1 were processed into formalin-fixed, paraffin-
embedded sections, stained with haematoxylin and eosin (H&E), and assessed by an expe-
rienced dermatopathologist who had no clinical examination or experience with the
patients. The dermatopathologist assessed signs of scarring alopecia or fibrosis at the site
of the pilo-sebaceous follicles using standardized guidelines for both the longitudinal and
transverse sections of the scalp biopsy (Table 1). Even with the use of special stains such as
elastic van Gieson (EVG) and Masson trichrome (MT), which are used to identify elastic and
collagen fibres, respectively, we could not clearly delineate between early and late TA

(Fig. 2).

Analysis of Data

Data generated were analysed using intraclass correlation coefficient (ICC) to determine
the level of agreement between the assessors. The ICC scores were interpreted as shown in
Table 2.

Results
Age Distribution
For all 45 participants, the birth year ranged from 1950 to 1989, and the mean year of

birth was 1971. Age distribution between the 4 decades (1950, 1960, 1970, and 1980) was
even (Table 3); the decade with the highest frequency was 1961-1970 (28.89%).
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Table 2. Intraclass correlation

coefficient (ICC) analysis for s it Fen g i 0
traction alopecia 0-0.2 poor agreement
0.3-0.4 fair agreement
0.5-0.6 moderate agreement
0.7-0.8 strong agreement
>0.8 almost perfect agreement

High interrater reliability with an ICC of 1 denotes perfect agree-
ment and 0 mean random agreement.

Table 3. Age distribution among

the 45 participants with traction R TEIEE: 28 G e

Mean age: 42 years

alopecia
Age n %
1 (53-63 years) 11 24.44
2 (43-52 years) 13 28.89
3 (33-42 years) 11 24.44
4 (23-32 years) 10 22.22
Total 45 99.99

Clinical TA Severity Using the M-TAS Score

Among the 45 patients evaluated in this study, it was found that stage 2 clinical severity
was the commonest across the 4 decades. Also, stage 4 severity was not found in participants
except for 1 case of stage 4 TA in the 1980 decade (Fig. 2).

Special Histopathological Staining
Even with the use of special stains such as EVG and MT, which are used to identify elastic
and collagen fibres, respectively, we could not clearly delineate between early and late TA

(Fig. 3).

Histopathological Scoring for TA

Follicular Architecture

Using the transverse cross sections, extruded hair shafts in the perifollicular and interfol-
licular regions had a good interclass correlation of 0.91 (0.84-0.95) and 0.83 (0.75-0.91),
respectively (Fig. 4a). Interclass correlations found in follicular architecture using longitu-
dinal sections were poor (0.12 [0.0-0.52]) and unreliable (Fig. 4b).

Sebaceous Glands
A fair interclass correlation (0.70 [0.48-0.84]) was found between clinical staging of TA
and the presence of sebaceous glands (Fig. 5).

Follicular Fibrosis

A poor interclass correlation was noted for interfollicular fibrosis (0.01 [2.20-0.41]) and
the presence of fibrous stellae (0.01 [-0.98 to 0.34]). A relatively poor interclass correlation
(0.55[0.23-0.75]) was found for the presence of perifollicular fibrosis as well (Fig. 5).
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Fig. 3. Elastic van Gieson (EVG) and Masson trichrome (MT) special stains (x10) for early (a, b) and late trac-
tion alopecia (TA) (¢, d). EVG shows elastic fibres on both early and late TA. MT shows thick collagen fibres.

TA severity could neither be delineated using EVG (a, ¢) nor MT (b, d). There is loss of elastic fibres and peri-
follicular fibrosis in late TA (¢, d).

L

Discussion and Conclusion

TA is a disease that affects a significant proportion of African women [3]. Therefore, this
study is focused on testing the reliability of histopathological findings correlated with the
clinical grading system for TA. We found here that there were more patients with an M-TAS
score of 2 and only 1 with a severe or high score irrespective of age. This may indicate that
the disease lingers considerable at the early phase before progressing to the late irreversible
stages. This also alludes to the benefit of early diagnosis and reversal of TA-precipitating hair
groomingand styling habits. Ithasbeenreported thatthe prognosis of TAisvariable depending
on how early the traction on the hair is stopped [14]. If the hair technique that exerts traction
is stopped early, there can be reversal of the clinical phenotype; however, if traction continues
for a prolonged period, chronic perifollicular inflammation may lead to permanent scarring
alopecia [14]. We also found good agreement between the identification of extruded hair
shafts and the presence of sebaceous glands. Early-phase TA has been characterized by the
presence of trichomalacia and increased presence of catagen and telogen hairs, which is then
followed by “follicular abandonment,” loss of terminal hair, retention of vellus hair, and seba-
ceous glands with decreased sizes [14, 15]. Hence, as seen in this study, a decrease in the size
of sebaceous glands may be a surrogate indicator for the progression of TA; in contrast with
other conditions like telogen effluvium, in which the terminal/vellus hair ratio remains the
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Fig. 4. Photomicrographs of the
follicular architecture of traction
alopecia. a Presence of peri- and
interfollicular scarring surround-
ing extruded, naked fragment of
hair shafts. b Loss of normal fol-
licular architecture in a longitudi-
nal section of scalp biopsy.

same, and there is no alteration in the sebaceous gland volume [7]. However, solely relying
on a decrease in sebaceous glands is unreliable as loss of sebaceous glands can be frequently
found in some primary cicatricial alopecias, such as central centrifugal cicatricial alopecia
[15]. Not least, the volume of sebaceous glands varies, depending on the level of sectioning,
as the volume of sebaceous glands reduces in size from the isthmus to the lower infundibulum.

Even though there was good agreement between pathologists on parameters such as the
extrusion of hair shafts and the presence of sebaceous glands, we observed that there was
poor agreement between observers on the identification and grading of the severity of
fibrosis. Even though not restricted to TA, a fibrotic phenotype in the advanced stages of TA
[14] could be a potential indicator of disease progression, albeit perifollicular fibrosis is able
to differentiate TA from other traction-induced conditions, such as trichotillomania, which is
reported to present with empty anagen hair follicles, increased catagen hairs without fibrosis,
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Fig. 5. Photomicrographs show-
ing fibrosis in transverse sections
of traction alopecia (TA). a Follic-
ular scar in end-stage permanent
chronic TA with fibrosis at the
isthmic level. b Thickened perifol-
licular fibrosis, loss of sebaceous
glands, and inflammation.

or inflammation [10]. In addition, assessment of the extent of fibrosis by physical eye may be
biased, and novel tools are needed to quantitatively assess the severity of fibrosis in TA. As it
is apparent that we could not differentiate fibrosis in early or late T4, it is imperative that
molecular tools that can identify and quantitate fibrosis are developed. For example, for liver
fibrosis, conventional histological category systems applied to describe fibrotic changes in
the liver are deemed incapable of reflecting fibrosis dynamics with reproducibility and suffi-
cient precision [16]. Other novel tools have been developed to reliably quantify the degree of
fibrosis, and this has improved the management of fibrotic liver diseases tremendously [16-
18]. Furthermore, our study found that there was poor agreement and correlation between
the diagnosed degree of fibrosis in the TA samples, and no correlation could be drawn with
the clinical severity score (using the M-TAS grading). This indicates that histopathological
diagnosis does not necessarily correlate with the clinical phenotype, and that non-invasive
molecular approaches may be more appropriate for the diagnosis of TA severity.
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Being able to detect fibrosis at an early stage is of great importance in deciding which
patient is likely to benefit from treatment (such as minoxidil). In late stages, it is well known
that chronic TA is capable of setting severe folliculitis in motion and subsequently results in
scarring and permanent hair loss, albeit early TA is amenable to the use of minoxidil [19]. Our
study has shown that there is a pressing need to improve the degree of agreement in identi-
fication and grading of fibrosis among dermatopathologists. Exciting new tools for early
recognition and grading of fibrosis such as Fourier transform infrared (FTIR) spectroscopy
are needed. FTIR spectroscopy is based on using selective infrared-red adsorption of different
molecules for biochemical identification. FTIR has been used to assess fibrillary collagen
deposition in myocardial infarction [20]; renal graft fibrosis [21], and various other pathol-
ogies [22].

In conclusion, we have seen from this study that histopathological assessment of scalp
biopsy may not be the best tool for the assessment of early fibrosis in TA, although it proved
dependable when assessing cross-sectional follicular architecture and retention of sebaceous
glands. A poor correlation was found with perifollicular fibrosis, interfollicular fibrosis, and
the presence of fibrous stellae. Novel molecular tools are needed for early recognition of
fibrosis, particularly in Africa, where various hair grooming and dressing practices have led
to a high prevalence of TA.
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