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Abstract

Background: Reflectance confocal laser scanning microscopy (R-CSLM) is a 

new diagnostic technique which  allows  visualization  of  "optical  intersections" 

within the epidermis and superficial layers of the dermis. Outlines of cells and 

their architecture are imaged and may be analyzed both horizontally and vertical-

ly to the skin surface. The method proved useful in early melanoma detection. 

We evaluated the potential usefulness of this method in a short series of patients 

with hair diseases.

Main observations:  Two  healthy  persons  and  6  patients with hair diseases 

(1 with alopecia areata, 1 with androgenic alopecia and 4 with genetic hair shaft 

abnormalities) were examined with the use of Vivascope 1500. In all patients one 

scalp location and one location in the mid forearm were evaluated. R-CSLM exa-

mination gave in all cases high quality images of the hair shaft intersections, at 

1μm intervals, which allowed detailed analysis of the hair structure. Hair follicles 

could be partly visualized at a depth of up to 200μm, which allowed analysis of 

only superficial parts of the hair follicles. An additional hurdle was bright reflec-

tion within the follicular ostia, which decreased the perception of details in these 

images.

Hair could be best visualized, when analyzed on flat surfaces. Receiving good 

quality images from convex surfaces on the scalp required additional effort from 

the patient (to not move) and from the physician (to obtain best possible fit of 

the "optic window" to the scalp).    

Conclusions: These preliminary data show that R-CSLM may develop into a va-

luable tool in evaluation of hair shaft diseases. Further development is needed to 

apply this technique in abnormalities of the hair follicle and the perifollicular area.
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Introduction

Reflectance confocal laser scanning microscopy is an 

optical technique that allows non-invasive imaging of the 

upper portion of the skin at a resolution that permits 

visualization of cellular details with near histological 

resolution in real time. With a penetration depth of about 

200μm, the technique allows non-invasive imaging of the 

epidermis and upper dermis.

1,2,3,4

R-CSLM has been used for the assessment of benign 

and malignant pigmented lesions, in particular for early 

diagnosis of melanoma. Recent  studies  showed  that  the

method has great potential in other skin tumors, such as 

basal cell carcinoma,

5,6,7

 sebaceous gland hyperplasia,

8

 

eccrine poroma,

9

 trichoepithelioma,

10

 cherry angioma,

11

 

mycosis fungoides,

12

 and in inflammatory skin diseases, 

such as psoriasis,

13

 irritant and allergic contact dermati-

tis,

14,15

 pemphigus foliaceus,

16

  tinea,

17

 scabies,

18,19

 her-

pes  virus  infection,

20

  and  folliculitis.

21

  Autoimmune 

connective tissue diseases, including systemic sclerosis

22

 

and discoid lupus erythematosus have been evaluated with 

confocal  microscopy

23

,  and  onychomycosis

24

  was  con-

firmed by this technique.  The characteristics of R-CSLM 

images of precancerous lesions, such as  actinic  keratosis
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were described.

25,26

Despite wide use of imaging techniques in diagnosing 

hair diseases, R-CSLM is currently not being used in tri-

chology. By some authors, presence of hairs in an R-

CSLM image is even considered an artifact.

27

We assessed  the  potential  usefulness  the  method of 

R-CSLM for evaluation of hairs and hair follicles in pa-

tients with selected hair diseases.

Case Reports

Two healthy persons and 6 patients with hair diseases 

(1 with alopecia areata, 1 with androgenic alopecia, 1 

with uncombable hair syndrome, 1 with pili torti, 2 with 

trichothiodystropy) with diagnoses confirmed based on 

clinical evaluation, trichoscopy and laboratory results we-

re examined with the use of Vivascope 1500 (Lucid Inc, 

Rochester, New York). One scalp location and one loca-

tion in the mid forearm were evaluated. In a proportion 

of patients hair was evaluated ex-vivo, after placing it on 

a sheet of paper.

R-CSLM examination gave in all cases high quality ima-

ges of the hair shaft intersections, at 1μm intervals, which 

 allowed  detailed  analysis of the hair structure (Fig. 1). 

Hair shaft thickness, as well as the thickness of the me-

dulla, cortex and cuticle could be evaluated in a majority 

of terminal hair. Hair shaft structure abnormalities could 

be visualized, as in trichoscopy, however with greater de-

tail. In the patient with trichothiodystrophy hair R-CLSM 

showed a non-homogenous structure imitating grains of 

sand throughout the hair shaft (Fig. 2), which appeared to 

form  a  tiger  tail-like  arrangement  in  some  images. In 

some images, the hairs had a slightly wavy contour.

In pili torti twists were seen at irregular intervals along 

the long axis of the shaft in some images. Upon R-CSLM 

hair shaft structure in healthy controls,  patient  in alope-

cia areata, and patient  with  androgenic  alopecia had the

same appearance, however in the patient with androge-

nic alopecia hair shaft thickness heterogeneity could be vi-

sualized.
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Figure 1

A R-CSLM image of a healthy hair with intact cuticle layer.

Figure 2

A R-CSLM image of a hair from a patient with trichothiodystro-

phy shows characteristic grains throughout the hair shaft. 

This pattern is only rarely  seen  in  patients  with  other  hair 

diseases and in healthy persons.

Figure 3

A R-CSLM image of a hair follicle pictured at the level of the 

granular cell layer of the epidermis (A) and at the level of ba-

sal cell layer with visible intersections of dermal papillae (B). 

Full thickness of the hair shaft is visible with bright reflection 

of the medulla.



In one of the patients additionally structures resem-

bling head lice nits were observed, despite lack of clinical 

or trichoscopic symptoms indicating hair lice.

Hair could be best visualized, when analyzed on flat 

surfaces, either in vivo (forearm) or ex vivo (on a white 

sheet of  paper). Receiving good quality images from the 

scalp required additional effort to obtain best possible fit 

of the "optic window" to the scalp. This was best achieva-

ble, when scalp and hair were evaluated at the vertex, 

while the patient was laying on the back.

Hair follicles could be only partly visualized and analy-

zed. The method gives best quality images at a depth of 

only 200μm, which allows visualization of superficial 

parts of the hair follicle (Fig. 3). An additional hurdle is 

the bright reflection of keratin, which decreases the per-

ception of hair  follicle  details  in  the  image.  Superficial 

hair follicle abnormalities, such as follicular ostia with ca-

daverized hair in alopecia areata could be analyzed in de-

tail (Fig. 4).

Discussion

Diagnosis and therapy of hair and scalp diseases were 

in the recent years subject to significant progress. One of 

the major developments was employing imaging techni-

ques, especially hair and scalp dermoscopy (trichoscopy) 

in dermatological practice.

28,29,30

Trichoscopy allows in vivo visualization of hair and 

scalp structures at optical magnifications ranging up to 

70-fold and more. Characteristic trichoscopy features of 

various  hair  and  scalp  diseases  have  been  described. 

These include alopecia areata,

31

 female androgenic alope-

cia,

32

 trichotillomania,

28

 tinea capitis,

33

 monilethrix,

34,35

 

Netherton syndrome,

36

 pili torti,

36

 pili anulati,

36

 trichthio-

dystrophy,

36

 cicatricial alopecia,

37

 and the "Tosti variant" 

of alopecia areata incognita.

38

  The  method  is  non-inva-

sive and technically easy to  perform  in  clinical  practice.

An additional advantage of trichoscopy performed with 

the  use  of  a  digital  videodermoscope  is  the possibili-

ty  to  perform  measurement  of  visualized structures. A 

disadvantage of this method is the fact that in some cases 

structures of different histopathologic nature may give an 

undistinguishable trichoscopy appearance. Recently, it 

has been shown that "yellow dots", which were believed 

to represent hyperkeratotic plugs in hair follicles,

28,30,31

 

are frequently present in patients with female androgenic 

alopecia and may represent sebaceous glands or rather 

epidermal "sebum lakes".

32

 Also the nature of "white 

dots", which are generally believed to represent perifolli-

cular fibrosis has been questioned at a recent hair dermo-

scopy session ("La Dermatoscopia Del Cuoio Capelluto", 

Bologna, Italy, 2008).

These uncertainties generate a need for a new non-inva-

sive technique, which would clarify the nature of structu-

res, which can not be clearly identified by trichoscopy.

We performed a  preliminary  study  in  a  small  series 

of  patients  and  healthy  persons  to  evaluate,  whether 

R-CLSM may fulfill this gap.

R-CLSM is an optical technique that can image thin sli-

ces within living intact human tissue, in a noninvasive 

manner, with near-histological resolution and high con-

trast.  It  has  a  penetration  depth  of  about 200μm and 

allows visualization of the epidermis, papillary and super-

ficial reticular dermis with near histological resolu-

tion.

1,2,3,4

 The system generates 500x500μm fields of vi-

sion from a total 8x8mm area, which may be analyzed in 

a single session. These optical intersections may be evalu-

ated in horizontal blocks, vertical stacks or "cubes", giving 

a pseudo-3D visualization of analyzed structures. The 

image contrast is mainly caused by variations in singly 

back-scattered light resulting from variations in the refrac-

tive index of tissue microstructures. Tissue structures 

with high refractive index act as an "endogenous stain" 

and appear white on confocal microscopy. Tissues with a 

low refractive index appear dark.

39

R-CLSM, performed with the newly developed Vivasco-

pe 1500 equipment, allows direct comparison of tricho-

scopy (dermoscopy) images with an in vivo reflectance 

confocal microscopy life image performed in exactly the 

same location.

According to a recently published consensus terminolo-

gy glossary

27

 hair shafts appear in R-CLSM as a cylindri-

cal or tubular long structure that has uniform high refracti-

vity with no cellular pattern centrally, although some cel-

lular pattern may be  seen  at  its  periphery.  Usually  it is 

seen emanating from a circular nonrefractive area that ap-

pears multidimensional, consistent with a hair follicle 

ostium (lumen). Authors of this paper consider hair as ar-

tifacts.

27

In this preliminary study we evaluated R-CLSM hair ima-

ges of healthy persons and patients with various hair dise-

ases.  Our  major  observation  is  that  R-CLSM  allows 

receiving high quality images of the hair shaft intersec-

tions, at 1μm intervals, which allows detailed analysis of 

the hair structure. Measurements of  hair  shaft  structures

In vivo reflectance confocal microscopy, Rudnicka et al.
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Figure 4

A R-CSLM image of a cadaverized hair in hair follicle, as 

observed in the patient with alopecia areata.



may be performed. In particular hair shaft thickness, as 

well as the thickness of the medulla, cortex and cuticle 

may be measured in a majority of terminal hairs. Hair 

shaft structure abnormalities can be visualized, as in tri-

choscopy, however with greater detail.

An  example  may  be  trichothiodystrophy.  R-CLSM 

showed in trichothiodystrophy a non-homogenous struc-

ture resembling grains of sand throughout the hair shaft, 

which may be present, but is less obvious in trichosco-

py.

36

 In some images these grains seemed to form a tiger 

tail-like arrangement, however this finding was less evi-

dent.

These grains may reflect severe cuticular and secondary 

cortical degeneration along almost the entire length of 

the hair shaft in sulfur-deficient patients with trichthidy-

strophy, shown previously by Venning et al

40

 by means 

of scanning  electron  microscopy.  According  to  these 

authors the cuticle protects hair from environmental da-

mage and thus, cuticle damage may lead to the characteri-

stic hair phenotype of trichothiodystrophy.

It has been later demonstrated that the outside surface 

of the hair shaft in trichothiodystrophy is markedly irregu-

lar and disorganized giving an appearance of hills, valleys, 

and gaps.

41

 The proportion of hair shafts displaying struc-

tural abnormalities was related to sulfur content.

41

Upon R-CSLM hair shaft structure in healthy controls, 

patient in alopecia areata, and patient with androgenic 

alopecia had the same appearance, however in the pa-

tient with androgenic alopecia hair shaft thickness hetero-

geneity could be visualized. This is consistent with data, 

which show that there is no hair shaft structure abnorma-

lity in alopecia  areata  and  androgenic  alopecia.  Micro-

exclamation mark hairs, which may be visualized in tri-

choscopy of active alopecia areata were not observed in 

our patient. This, however was a patient with a stable di-

sease in the phase of hair re-growth.

It has to be emphasized that this equipment is genera-

ted to evaluate flat skin surfaces. Thus, hair could be best 

visualized, when analyzed on flat surfaces. Body hair and 

hair follicle ostia on flat skin surfaces,  like  the  forearm, 

could be easily analyzed. Receiving good quality images 

from the  scalp  was  significanly  more  complex  and re-

quired additional time to obtain best possible fit of the 

"optic window" to the scalp.  In  some  patients  this  was 

very difficult to achieve. Not in all cases were we able to 

receive good quality images  of  the  scalp.  A  technique 

should be developed to help reduce patient's unintentio-

nal movements. It seems unlikely that R-CSLM, which re-

quires a stable position for several minutes, could be easi-

ly used in small children. In this regard, trichoscopy has 

the advantage of shorter examination time.

To  more  precisely  re-evaluate  scalp  hair  we  than 

placed a few hairs on a flat surface. It may be postulated 

that in  patients  suspected  of  hair  shaft  abnormalities 

single hairs may be chosen for R-CSLM by prior evalu-

ation by trichoscopy.

Problems with scalp evaluation cause also difficulties in 

detailed evaluation of scalp hair follicles and scalp skin.

Hair follicles appear in R-CLSM as structures characteri-

zed by cells of different sizes in an ordered pattern consi-

stent with cellular differentiation. The cells vary from 

small (ovoid or polygonal) basal differentiating cells to 

central larger (flatter) cells. Follicles are commonly asso-

ciated with a hair shaft and a central lumen.

27

Hair follicles on flat body surfaces, such as the fore-

arms  were examined effortless. Hair follicles may be exa-

mined up to a total deepness of 200μm, which is the up-

per part of the hair follicle.

According to literature data in vivo confocal microscopy 

allows visualization of  infiltrating neutrophils of a subcor-

neal pustule in superficial folliculitis.

21

 Our observations 

show that perifollicular hyperkeratosis may also be visuali-

zed by R-CLSM. In cases of intense perifollicular hyperke-

ratosis bright reflection slightly decreased the visibility of 

detailed perifollicular structures.

In conclusion, our preliminary data show that in vivo re-

flectance confocal scanning laser microscopy may deve-

lop  into  a  valuable  tool  in  evaluation  of  hair  shaft di-

seases.  Further development is needed to apply this tech-

nique in abnormalities of the hair follicle and the perifolli-

cular area.
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