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Abstract
Aim: The reason why non-calibrated hair variables poorly estimate scalp hair coverage during hair growth studies 
was studied.

Methods: Hair productivity integrates density, diameter and daily hair growth rate. Cross-sectional studies have
established hair productivity in female and male patients (480 vs. 90 controls) with self-evaluation of hair loss, 
phototrichogram (CE-PTG-EC) and scalp coverage scoring, (SCS). Tracking productivity of individual hair
follicular units from longitudinal studies challenged the application of our methods during drug trials.

Results: Hair loss means decreased productivity and increased �time to complete coverage�. The hair mass index 
(HMI) linearly connects productivity with clinical perception of coverage, i.e., SCS. The ensuing HMI abacus 
translates independently of gender, age, pattern or severity and unravelled unequal intervals between categories 
of the Ludwig and Hamilton classifications. With one severity grade shift, time to complete coverage varied from 
21-51 days, i.e., no equality. During longitudinal studies, SCS detected improved productivity, reflecting clinically 
relevant responses, but remained stable in the absence of significant productivity variations. Follicular unit 
labelling and individual hair growth tracing showed that reversal of miniaturised hair follicles does not play a major 
role during drug-induced hair regrowth. The latter reflects re-activation of resting-dormant terminal hair follicles. 
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The recovered productivity would not be possible once hair follicles enter the phase of structural-functional 
irreversible miniaturisation.

Conclusion: Besides pattern identification, density of nanohair and HMI appear as innovative diagnostic 
approaches. Abrupt transformation (within one cycle) of terminal hair follicles into miniaturised ones and its 
reversal as the effect of active FDA-approved drugs remain highly improbable.

Keywords: Hair loss, scalp photographs, measurement, expert scoring, scalp coverage scoring, hair thinning, 
reversal hypothesis, hair growth, finasteride, minoxidil, scalp imaging method

INTRODUCTION
Hair loss may be a distressing phenomenon and the psycho-social burden in terms of self-perception, 
body image, loss of attractiveness, etc. remains often misunderstood by practitioners. The phenomenon 
may be overlooked, its potential prevention or improvement with drug treatment ignored and, in the 
worst case-scenario, the condition is simply denied by professionals[1-3]. During a face-to-face consultation, 
dermatologists rely on schematic classi�cations, and even for trained hair specialists an accurate estimation 
of �pattern and severity� may remain difficult; test-retest experiments of severity scores on images 
concluded that clinical classi�cation was unreliable[4].

From a more fundamental perspective, cartoons representing patterns raise a number of questions: How do 
categories re�ect the distribution of a continuum? How many patients do not �t the existing classi�cations? 
Is rating of severity consistent? Are intervals between grades equal or not in terms of scalp hair regression? 
In other words, is the di�erence between severity Grades I and II the same as between Grades II and III, 
between Grades IV and V, etc.? 

�erefore, clinicians have intuitively proposed a wider variety of schemes and extended scales but without 
supportive evidence that this clinical approach was actually an improvement. In short, the meaning of 
severity during a clinical diagnostic process in terms of hair productivity is still lacking.

Productivity has to be understood as follows: What amount of hair can be optimally produced by a single 
organ or a community of organs with the existing resources (nutritional status, genetic-regional variations, 
hormonal status, etc.)?

From a clinical perspective, we classify patients according to the simplest and most popular schematic 
representations appearing in textbooks[5]. Firstly, the discrete patterning and severity grades were described 
by Hamilton[6], who pointed out the essential role of androgens in balding males. Findings that were 
highlighted by social-historical perspectives[7] soon followed with Ludwig�s classification of patterned 
loss in females[8]. Secondly, non-invasive methods were employed to record various objective aspects 
of the scalp hair loss, i.e., global images that correlated with deficient hair replacement and hair follicle 
miniaturisation[9,10]. �irdly, recently published therapeutic assays showed that the perception of clinical 
status could be subject to rapid changes of hair productivity[11-13], albeit without involving a significant 
�uctuation of miniaturised hair follicles[14]. �e latter may also re�ect �ne tips during the initial steps of a 
new hair cycle (less than 15 days)[10].

During drug trials, patients have usually not shi�ed from a more severe to a less severe category or pattern. 
However, this does not necessarily mean that patients were subjectively satisfied with the therapeutic 
response[15]. With these discrepancies, the categorical system keeps diagnostic value with little interest for 
measurement of the therapeutic response.
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This paper reports the results of a cross-sectional study with systematic clinical observation, self-
evaluation and exhaustive analytical measurements of the scalp hair dynamics on a large number of 
patients complaining of hair loss. �is complex computation resulted in an abacus that helps the observer 
to translate his clinical quantitative observations into hair productivity, i.e., hair mass index (HMI). While 
words such as �hair mass� usually refer to a substantial amount of hair without precise measurements, 
the evidence and rationale for choosing HMI are exposed in Supplement File 1. A short historical note is 
given as Supplement File 2 explaining the authors� progression on his way towards accurate and precise 
hair measurement. With the data from the cross-sectional study at hand, we tested HMI in situations 
with synchronised short-term changes of hair cycling. Documents from longitudinal placebo-controlled 
trials (published and unpublished) were re-analysed in terms of global changes and detailed scalp hair 
productivity. 

�e present paper proposes innovative non-invasive bio-engineering approaches to document individual 
hair follicle productivity. Along with follicular unit monitoring, hair productivity matches much better 
than hair counts the perspective of clinical relevance. �e new �ndings are in line with earlier publications, 
providing further scienti�c support against the prevailing dogma that miniaturised scalp follicles would 
be responsible for drug-induced hair regrowth. Accordingly, this unproven theory on �reversal� should 
be abandoned, unless duly documented and proven. Finally, we realise that surgeons and dermatologists 
involved in scalp hair follicle transplantation and drug trials still face an unanswered question: Where 
does the regrowing hair come from? We provide tentative answers and propose a speculative hypothesis 
in Supplement File 3 with baseline characteristics of follicular units that may point to a potential for drug-
induced regrowth.

MATERIAL AND METHODS
Subjects
Patients and healthy controls in cross-sectional studies
Non-invasive observational methods for scalp hair were applied in 497 patients who complained of stable 
or slowly progressive and chronic hair loss for more than 6 months and less than 15 years. All were seen 
with clean dry scalp hair by a single observer between 2006 and 2019. �eir data have never been published 
before.

�e clinician applied his original �listen, look and touch� approach[9]. Gentle hair pulling was systematically 
performed. Patient�s data were compared with functional data collected from 90 observations from healthy 
controls (52 male and 38 female). Because gender substantially affects clinical presentation, we detail 
female groups �rst and male groups next. From a total of 370 female patients with hair loss data, those with 
speci�c diagnoses such as trichotillomania, active in�ammatory diseases such as alopecia areata or scarring 
disorders were excluded (66 females). Whenever required, scalp biopsies were taken for differential 
diagnosis.

Females maintaining a dense frontal fringe in contrast with the scalp located behind, i.e., on the top of 
the head, were classi�ed as having PHL. Otherwise, they were rated as �no pattern� (NoP) or �Other�. �e 
latter meant less clearly marked or even mixed distribution of hair densities. As an example, �Other� would 
be used in the case of combined male and female patterns and di�use loss at the same time. In the case 
of patterning, the severity grades were based on cartoons derived from Ludwig�s classi�cation[8] [Ludwig 
I-III; Figure 1]. �ese �ve categories help to split up all subsequent continuous data [scalp coverage scoring 
(SCS) and hair productivity].
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�e pool of 304 females was compared with una�ected young healthy controls (15-20 years old) and split 
according to clinical pattern, severity and age. Besides 255 females with FPHL, i.e., LI (n = 135, 44-year-
old), LII (n = 107, 45-year-old), and LIII (n = 13, 51-year-old), there were 39 showing no pattern (NoP; n = 
39, 41-year-old) and a few remaining patients with a mixed condition grouped as �Other� (n = 10, 52-year-
old). A�er excluding a small number of male subjects with speci�c disorders (n = 17), the remaining 110 
males were split according to Hamilton�s classi�cation with severity Grades I-V [HI-HV; Figure 1]. Male 
demographics with average age were as follows: HI (n = 6, 19-year-old), HII (n = 28, 21-year-old), HIII (n = 
50, 34-year-old), HIV (n = 16, 38-year-old) and HV (n = 10, 39-year-old).

Figure 1. Evaluation of hair loss by patients and clinician with our phototrichogram method and scalp coverage scoring. Figure 1 
illustrates all the techniques used throughout this study. Figure 1A and B displays cartoons employed by investigator and patients. From 
normal coverage or no visible hair loss [Figure 1A; top left], the patients independently choose either no visible loss or FPHL split-up 
according to Ludwig stages [LI-LIII; bottom of Figure 1A] or MPHL [Hamilton stages HI-HV in Figure 1B]. Similarly, and without direct 
interaction with the patient�s record, the clinician classified subjects as having diffuse or patterned hair loss (PHL). The SCS [Figure 1C] 
was usually performed on the computer screen. This implies the subdivision of the image of the top of the head into 18 square fields 
surrounded by a circle, a symbolic outline of the head. With the hair combed as spokes of a wheel, SCS was evaluated in 2 different 
ways: first scoring the nine numbered fields that include top and vertex [Figure 1C, top; 1-9 bold] followed by the nine other fields 
with more lateral and anterior locations [Figure 1C, top; italic light]. Finally, on the image taken after parting hair along the midline, 
coverage was estimated in each of the four squares labelled p1-p4 [Figure 1C, bottom]. At the end of the clinical visit, the investigator 
selected a region of interest (ROI). This site served for detailed hair growth measurements employing the CE-PTG-EC [Figure 1D]. Our 
phototrichogram method is illustrated (modification of the original Figure 1 in the author�s publication to which we refer the interested 
reader[15,16]). Classical and novel processing methods are illustrated in greater detail in Figures 11 and 12. Exogen collection is part of our 
phototrichogram method, as shown in the lower half of Figure 1D where three loosely attached telogen bulbs were entrapped in the blue 
matrix examined under a stereomicroscope. The schematic view [bottom of Figure 1D; arrowheads] illustrates the same 3 exogen hairs: 
Exogen 1 was deeply set in the follicle at completion of telogen; Exogen 2 was moving upwards in the hair follicle; and Exogen 3 almost 
reached the scalp surface for release in the nearby future. Figure 1E shows clinical examples of male subjects with MPHL according to 
Hamilton�s scale with hair combed as spokes of a wheel (left to right; severity Grades I-V). For the correct interpretation of data from 
the clinical perspective, readers are invited to keep three things in mind: (1) The frontal hairline does not appear in the global view and, 
as a consequence, should not interfere with SCS; (2) The variable shape/size of the head does not interfere with SCS as the scalp areas 
explored in a given subject are stable over time; and (3) ROI is remote from the epicentre of the balding process (white dot usually on 
the right side of patient�s top of the head). FPHL: Female pattern hair loss; MPHL: male pattern hair loss; SCS: scalp coverage scoring, 
CE-PTG-EC: contrast-enhanced phototrichogram with exogen collection.
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With a few exceptions, all participants completed a pre-printed questionnaire including self-estimation 
of hair loss. �is was given on the �rst day of the consultation and should ideally be �lled out before the 
second visit. Besides personal and family history and quality of life issues (not published herein), patients 
proceeded with self-estimation of their hair loss using the same cartoons as the clinical observer [Figure 1].

All patients underwent all clinical measurements and imaging methods reported in the next sections, the 
most important from the clinical-functional point of view being standardised global imaging combined 
with Contrast-Enhanced-Phototrichogram with Exogen-Collection (CE-PTG-EC), as illustrated in Figure 
1 and published in detail previously[10,16].

Volunteers engaged in longitudinal drug trials
Images and unmodi�ed source data were retrieved from three controlled assays.

One unpublished drug trial in MPHL evaluated daily application of a topical anti-androgen (multi-centre 
study, six months duration with evaluations at baseline, Month 3 and Month 6). The same analytical 
protocol as the one employed in the present study showed no statistically significant changes of hair 
productivity over time in any treatment group. We retrieved the global clinical scoring generated on 27 
MPHL subjects followed in our evaluation centre. In total, 81 SCS records were used to test reproducibility 
through test-retest analysis. 

From our oral study on �nasteride (Propecia�, 1 mg/day) with topical application of either minoxidil 5% 
(Alostil�, 1 mL/day) or a placebo lotion during the initial 3 months[13], we selected the best responder with 
acute changes of hair cycling (switch-on of growth during topical treatment and switch-o� a�er arrest of 
topical applications). Source global images were re-evaluated, and detailed hair growth parameters were 
translated into hair productivity, as explained below.

Finally, we re-examined high resolution processed images of one volunteer with stabilised MPHL [third 
year daily intake of oral finasteride (1 mg/day)]. While test scalp site remained unresponsive to a six-
month assay with the LASER-comb[17], this subject mounted a rapid response to the topical application of 
minoxidil (5%, 1 mL, 1 × /day). We tracked all calibrated hair on a follicular basis from baseline until the 
end of the third month of combined treatment.

Ethics
All study protocols and measurement methods (experiments including healthy volunteers, patients and 
drug trials) were approved by the local board of Ethical Commission for Clinical Investigation, implying 
that identification of participants would not be possible by any means. Facial recognition would be 
impossible and parental permission was obtained for the youngest subjects (16 years). 

Imaging technology
Global images
All patients presented with clean dry hair a�er their latest shampoo on the morning of the clinical visit. 
�e clinician estimated hair loss, actual presence of a pattern and severity grades. �e aspect of the top of 
the head was recorded employing an original imaging system. A�er correct positioning of the customised 
stereotactic headgear and a�er switching on the �build-in-light-box�, standard images were taken at �xed 
angle and distance[10,15]. �e procedure included dry scalp hair combing in two di�erent ways: spokes of a 
wheel [Figure 1] and midline parting [Figures 2 and 3]. 

When required according to the study protocol, the clinician measured scalp coverage in vivo (SCS in vivo; 
described in the next section) while Charge Coupled Device-images (CCD; source document) were used at 
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a later stage to evaluate scalp coverage scoring on the computer screen (see next section). A third view was 
recorded to document precisely the topography of the �Region Of Interest� (ROI) that was selected by the 
clinician not only at the preferred location, i.e., leading edge of the balding process, but also in agreement 
with the acceptance by the patient. �is ROI might be either clinically una�ected or clinically invaded by 
the extension of a clearly visible balding process as illustrated typically in HIII-HV [Figure 1] and LII and 
LIII [Figure 2]. �e ROI was subject to detailed scalp hair functional evaluation with our phototrichogram 
method (as detailed below).

Scalp coverage scoring
�e SCS was validated in 2006[18], i.e., before launching this study.

Briefly, a standardised transparent grid was superimposed on the global view of the top of the head 
appearing on the computer screen. �e dimensions were secured with stereotactic headgear worn while 
images were captured; this objective ruler served during all subsequent imaging procedures. �e templates 
outlined a total of 18 squares [Figures 1 and 2]. Each square in its bi-dimensional projection on a curved 
surface represents a scalp area approximately 16 cm2 (4 cm × 4 cm). Every single square �eld was scored 
(from 0 to 5) against a built-in scale (from 5 to 0). �e scale helps the clinician during the scoring. SCS of 
a given �eld represents the di�culty to observe scalp skin in between the hair: a score of 5 means �very 

Figure 2. Images from top of the head in females. The top of the head is illustrated in seven females complaining of hair loss. The upper 
panels show clinical perception as: �No Pattern� (left; 1 case); FPHL graded as LI (1 case), LII (2 cases) or LIII (2 cases) and one subject 
with no clear evidence for patterning (Other; 1 case). From top to bottom, the panels show hair combed in spokes of a wheel, with 
a parted midline and with the clipped hair site. The latter is highlighted as a white empty circle. The region of interest (ROI) outline, 
located at a distance from the epicentre, was then transposed on the other views (top 2 rows). Note again that top of the head views 
did not include the frontal margin, which does not influence the scalp coverage scoring (SCS). When required according to the study 
protocol, the clinician measured scalp coverage in vivo (SCS in vivo; described in the next section), while charge coupled device images 
(source document) were used at a later stage to evaluate scalp coverage scoring on the computer screen (see next section). A third 
view was recorded to document precisely the topography of the ROI that was selected by the clinician not only at the preferred location, 
i.e., leading edge of the balding process, but also in agreement with the acceptance by the patient. This ROI might be either clinically 
unaffected or clinically invaded by the extension of a clearly visible balding process, as illustrated typically in HIII-HV [Figure 1] and 
LII and LIII [Figure 2]. The ROI was subject to detailed scalp hair functional evaluation with our phototrichogram method (as detailed 
below). FPHL: Female pattern hair loss.
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di�cult� while 0 means �not di�cult at all�. As SCS is obviously an observer-dependent parameter, trained 
expert observers refer to an abstract mental representation of �di�culty�.

In the present study, �rstly, SCS was performed on the top of the head with hair combed in spokes of a 
wheel: Score the nine �elds remote from the frontal hair line and closer to the vertex [Figure 1C, top; 1-9; 
bold]. Proceed with scoring on the nine remaining squares located at the periphery [Figure 1C, top; 1-9; 
light italic].

�e sum of scores on the vertex and the sum of scores on periphery were recorded separately.

Secondly, SCS was performed on the scalp view with hair parted along the midline, a routine standardised 
procedure introduced during clinical trials[19]. �e four squares located on the midline [Figure 1C, bottom; 
p1-p4 bold] were analysed and the sum of scores in these four �elds was recorded.

More work on validation of new experts for correct application of SCS method is planned (see 
Acknowledgements Section), but, once trained, observers clearly did not require an infinite variety of 
scales.

SCS in vivo followed the same guidelines with real time observation of the top of the head through a 
handheld device, as shown in Figure 3.

SCS on midline-parted hair is an innovative clinical procedure that reduced the influence of hairstyle 
on SCS, as shown in Figures 2 and 3, while alterations in the frontal hair line (not part of SCS) would be 
considered as �earliest� steps into patterning. A pattern with normal SCS might help �nd the most speci�c 
analytical hair diagnostic criterion, if any, in the analytical approach.

Figure 3. Performing scalp coverage scoring (SCS) in vivo and on computer screen. For illustration purposes, a female patient seen 
recently agreed to be part of this project showing how SCS can be performed in vivo. Figure 3A shows the investigator�s hand (a1) 
while adjusting the handheld transparency [(a2) carved out 18 squares] to the frontal headgear worn by the patient (a3). The facial 
mask indicates that the image was taken during the 2020 SARS-CoV-2 pandemic. The observer starts scoring by analogy with the 
scale of �difficulty� [shown in (a4)]. Schematically, Figure 3B symbolises the eye of the clinician (b1) who looks through a carved-out 
transparency (b2). This particular SCS grid illustrates how the clinician should focus on the midline fields in same patient (b3) while 
referring to a scale of �difficulty�. The latter (b4) displays a series of shaded areas where �5� means �it is very difficult to observe the 
scalp skin through the hair� while �0� means �no difficulty at all observing the skin through the hair�. We further illustrate the influence 
of hairstyling on performing SCS on the top of the head of a male patient. This male patient with Hamilton II appeared already with 
hair combed as spokes of a wheel [Figure 1E, first case on the left graded as II]. Figure 3C shows the same but enlarged image along 
with 18 numbered fields of the grid (bold and paler italic numbers; left). After combing with midline parting, a new SCS was performed 
[Figure 3D; p1-p4]. While scalp skin can be barely perceived in Figure 3C (SCS range 4-5), the scalp skin was much more easily visible 
in between the hair in Figure 3D (SCS range 3-4). 
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In fact, hairstyle means cumulative growth and depends on the length reached after the last haircut; 
thus, a very short hair cut by hairdresser is a limitation to correct performance with SCS, and this will be 
illustrated during longitudinal studies.

Contrast enhanced phototrichogram with exogen collection
�e CE-PTG-EC procedure including exogen collection, henceforth referred to as our phototrichogram, 
has been described and validated previously[20,21] against serial sectioning of scalp biopsies from balding 
males. Our phototrichogram exhaustively explores structural and functional hair variables in the region of 
interest (ROI). 

�e scalp spot was usually 12-17 cm above the middle of the right eyebrow, most o�en between 2 and 4 cm 
to the right-hand side of the scalp midline, as illustrated in Figures 1-3.

Before selecting this spot ideally at the leading edge of the balding process, we took into account the 
patients� willingness as it relates to personal hairstyling. 

Images were captured employing a LED equipped lens mounted on a CCD camera (Dermlight�). A 
typical sequence consisted of a �rst visit (t0) with clipping of the scalp hair, dyeing of the clipped spot and 
image capturing, followed by a second visit (t2; two days a�er t0) during which a new image was captured 
immediately a�er a second hair dye session and a�er exogen collection as described below.

Exogen hair counts
As stated above, phototrichogram implies that the ROI was subject to non-invasive extraction of the 
shedding hair employing a specific validated exogen removal process[22]. The non-invasively entrapped 
exogen hairs were examined under a stereomicroscope at 40× magni�cation and reported as units/cm2. No 
attempt was made to calibrate precisely the diameter of the collected exogen hair.

Hair variables involved in the measurement of scalp hair follicle productivity
Unless specifically mentioned, absolute numbers per unit area (1 cm2) are given preferably throughout 
this paper. Patient data were compared with reference values obtained with identical technology in healthy 
controls under known conditions of accuracy (technological variability < 3%[10,16]).

Customised software was developed to perform computer-assisted image analysis (CAIA) on manually 
processed images. �is included the perfect overlay of each calibrated individual �bre at t0 and t2. �en 
CAIA generated many hair parameters based on counts per unit area, diameter and growth rates.

�e increase in length of individual hair �bres was established on stubbles seen at t0 and t2. By dividing the 
increase in length of individual hair �bres by the exact time elapsed between t0 and t2, we measured linear 
hair growth rate (LHGR) as �m/24 h. Each hair �bre was also calibrated using rulers within the range from 
< 20 to � 100 �m (steps of 10 �m). Scalp hairs were categorised from the thickest to thinnest miniature 
hair. The latter comprised: (a) nanohair with a diameter < 20 �m (no growth staging was attempted on 
nanohair); and (b) miniature, which also included vellus and/or vellus-like hair, as any hair thicker than a 
nanohair with a diameter < 40 �m.

It is generally accepted that thicker and deeply set follicular roots would produce terminal hair during their 
growth phase, i.e., anagen. Herein, we report growth for all categories (except nanohair) taken separately 
from 20 �m to the terminal fibres with diameters � 60 �m. Subgroups such as 20-30 �m are quoted as 
miniaturising while 40-50 �m are quoted as intermediate hair.
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Linear hair growth rate discriminates between resting (telogen) and anagen growth staging
As with diameters, there was also a threshold for growth staging. Anagen stages were statistically distinct 
from non-growing stages (catagen-telogen) based on the bimodal distribution of elongation per time unit. 
�e threshold between growth and rest phases was established on data collected in healthy controls, i.e., 
linear hair growth rate (LHGR, �m/24 h).

Compound Index of Hair Growth and Time To Complete Coverage
Productivity of individual hair follicles integrating growth rate and diameter generated the compound 
index of hair growth (CIHG). The implementation of density generates a cumulative index of growth 
that includes all growing follicles. �e relative value of the latter re�ects the fraction of scalp area under 
investigation that would be covered by daily hair growth on that very site. Calculation encompassed all 
growing hair in all diameter classes (classes taken one by one from thinnest � 20 �m and < 30 �m to the 
largest � 100 �m diameters) along with their respective average LHGR: 
CIHG = [number anagen per unit area (n/cm2) × average linear growth rate (�m/24 h) × diameter (�m)].

�e average value of CIHG in patients can be expressed relative to the surface of the ROI. We report this in 
our cross-sectional study as well as during longitudinal studies or as it relates to a control group.

Nevertheless, while CIHG remains an excellent techno-scientific parameter[12,13], we devised a more 
practical way of expression. �e purpose was to o�er practising dermatologists and patients a dimension 
intuitively known in our daily life, i.e., �Time To Complete Coverage� (TTCC). The latter value was 
conceived as follows: If every single growing hair appearing on the scalp surface were placed flat on 
the scalp surface, perfectly adjacent to its neighbours, how much time would it take to cover the ROI 
completely?

During preliminary assays, we noted that the volumetric calculations were not mandatory. Hair diameter 
- in the present experimental setting - is related to the width appearing in the bidimensional image against 
the scalp surface.

�e precise surface of the �eld under investigation was based on the points of origin of the hair �bre as 
they relate to the individual follicular units (FU). Each stubble exits from an acro-infundibulum and the 
scalp area outlined by all and any measured follicular unit was established by the CAIA as being 100%, i.e., 
an exhaustive measure of FU density (FUD).

�e reverse of the relative area covered per day [(%/day)�1] re�ects the time (days) required to hit 100% 
coverage (TTCC). As an example, our calculated TTCC in healthy controls with an approximate 5% CIHG 
means that it would take 20 days to hit the �100% healthy control TTCC�. Comparatively, the TTCC in a 
balding subject with 2% daily coverage would be 50 days.

Innovative approaches during longitudinal studies
Global SCS (variation over time and reproducibility)
SCS was performed three times on 27 subjects during a six-month period. Hence, triplicate observations 
with 81 SCS data could be tested for possible variation over time. As the SCS rating was made one image 
at a time, images were randomised and the observer was considered as blinded to the time. �e SCS was 
performed before unsealing the envelopes containing the treatment codes and, as a consequence, before the 
eventual e�cacy of the test compounds would be known.

Today, from our analytical procedures, we acknowledge the absence of statistically signi�cant changes of 
hair productivity with these test compounds (unpublished data). We draw the attention of clinicians to the 
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following: if SCS were performed during longitudinal studies, it would consistently match identical �elds as 
those already outlined at baseline.

Correlation of SCS with acute �uctuations of hair follicle productivity
As a technological challenge for the SCS, we selected the best responder from a previously published trial 
and calculated his time to complete coverage (TTCC) from the published hair follicle productivity (CIHG)[13]. 
We correlated the ensuing time to complete coverage with global clinical images recorded during the 
year preceding the entry into the drug trial protocol until its end. Compliance was rated as excellent until 
completion at the 24th month on the drug. Baseline SCS and analytical procedures followed the protocol 
of combined drugs (oral �nasteride and topical lotion containing 5% minoxidil) during the initial three 
months, followed by monotherapy (�nasteride 1 mg/day) until completion. We refer the interested readers 
to previous papers regarding the SCS values fitting expert ratings for drug filing at the FDA[18] and for 
measuring subjective satisfaction with scalp hair responses[10,15].

Tracking of individual hair follicle productivity during drug trials
We evaluated a single subject with MPHL known to be on chronic oral finasteride[23] who completed 
a six-month LASER-comb study protocol[17]. The subject volunteered for an extended three months of 
monitoring of the same scalp sites. A�er two phototrichograms performed at one-week interval (baseline), 
the volunteer entered the three-month study aiming at measuring biological potential for hair regrowth. 
Along with maintenance of oral drug intake, the subject applied daily a single spray of minoxidil 5% lotion 
on the monitored test site (< 1 cm2). �e compliance of daily oral drug intake and topical application of a 
drop of minoxidil lotion (5%) was rated higher than 99% on the basis of a hand-ticked diary. 

�e technician involved in image processing was unaware of the ongoing treatments.

�e purpose of this study was to investigate whether minoxidil 5%, once a day, would improve the hair loss 
under stabilising e�ects of long-term oral treatment (over three years of daily intake of �nasteride, 1 mg/
day; Propecia�) while, in the same site and same subject, a six months controlled use of LASER-comb had 
no signi�cant e�ect on hair growth[17].

To visualise the individual hair productivity, an innovative dot mapping technique was developed.

Accordingly, the original hand-processed phototrichogram images were subject to the novel dot-mapping 
technique. The latter first exhaustively established the FUD in the monitored scalp field. The FUD map 
was exhaustively completed through back-and-forth travelling along the three-month time-scale in images 
probing the ROI.

�e FUD map was then transposed as a background on each phototrichogram and allowed tracking of the 
follicular unit responses a�er one and three months of combined treatment.

�e next step was to overlay on each FUD the productivity of individual hair follicle on a hair-to-hair basis.

The point of exit from the follicular opening of each growing segment was marked by a calibrated dot 
employing a predefined colour code: magenta, 20-30 �m; blue, 40-50 �m; green, 60-70 �m; and yellow, 
� 80 �m. �e productivity was symbolised by the diameter of the dots: yellow > green > blue > magenta. 
�is correlates but does not re�ect exactly the product of diameter × linear growth rate. For an improved 
readability, we organised and highlighted productivity with hair dots that would be large enough to be seen 
in the published paper and, at the same time, not overlapping between them but remaining clustered to the 
productive FUD.
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Finally, each FUD was numbered to organise the individual hair data and keep a record of changes 
occurring over time providing data and statistics re�ecting changes of hair growth on a follicular basis.

Descriptive statistics and statistical analyses
Cross-sectional studies
The subjective perception of hair loss that brought the patient to the clinic, the cartoons selected by 
the patients and the ensuing clinical diagnosis made by the observer were considered as categorical or 
discontinuous data, i.e., undisputable. �e investigator did not communicate his selection of severity to 
the patient. Consistency of self-evaluation of severity and its deviations from the grades established by 
the clinical observer are commented as relative frequencies of subjects attributing �identical� or �di�erent 
scores� but not reported as averages.

�e clinical diagnosis served to split up all subsequent continuous data (SCS and all hair measurements). 

Descriptive statistics of absolute values (average and standard deviation of samples) were preferred and 
always displayed versus healthy controls. For clinical use, relative frequencies and proportions are reported 
in two ways: as percentiles of patients lower than P05 or exceeding the P95 value found in controls or as 
the actual values in patient groups expressed as a percentage of reference values [for example, averages in 
patients as a per cent of control values or per cent of the measured value relative to the highest possible 
value (maximum)]. Relative values are identi�ed clearly and always given comparatively to absolute values. 

A�er checking normality of the data distribution, a global analysis of variance (ANOVA; Statviewfi) was 
used for comparing all source data, i.e., continuous parameters in healthy controls vs. patients or between 
patient subgroups. 

Tables 1-8 report clearly on the global statistically signi�cant di�erences vs. controls when P values were 
P < 0.05, P < 0.01 and P < 0.001, symbolised, respectively, with *, ** and ***. Once global significance 
of differences was established, the Bonferroni/Dunn test was used to evaluate statistically significant 
di�erences between each clinical category vs. gender-matched healthy controls, as symbolised by �S�.

Tables 1, 3, 5 and the 3 first columns in Table 7 with absolute values are systematically followed by 
the display of the same parameters with percentiles [Tables 2, 4, 6, and 3 last columns in Table 7] i.e., 
percentages of patients below the P05 or exceeding the P95 value of gender-matched controls. 

Accordingly, the most synthetic parameter �Time To Complete Coverage� (TTCC; day) was tested by 
simple correlation-regression with midline SCS, i.e., the most powerful SCS.

Finally, Table 8 is a global display of statistics appearing in Tables 1, 3, 5 and 7 in regard with ageing and 
highlights the best discriminating hair parameters. The effect of ageing was tested with the two-way 
ANOVA on patients only. As some categories did not contain a su�cient number of subjects within the 
allocated age ranges, patients with nearest severity constituted one subgroup (e.g., HI-HII). �e summary 
table reports clearly on the global statistically significant differences vs. controls when P values were P 
< 0.05, P < 0.01 and P < 0.001, symbolised, respectively, with *, ** and ***. When P = 0.05, we added (*). 
Once global significance of differences was established, the Bonferroni/Dunn test was used to evaluate 
statistically signi�cant di�erences between each clinical category vs. gender-matched healthy controls, as 
symbolised by �S�.

Longitudinal studies
Triplicate evaluations of SCS were tested for changes over the six-month period of observation with 
Student�s t test.
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in the majority of patients with PHL (around 75% of females from severity LII or of males from HIII).

�e normal distribution of terminal hair (anagen and telogen) in the female NoP and LI groups contrasts 
with lowered anagen per cent when thinner hairs were included (anagen � 20 �m; more subjects below P05 
of controls).

This combination reflects regression in terms of growth along with the reduction in hair diameter and 
contributes to the perceived reduction of the mass of scalp hair.

�e comments in FPHL apply generally to MPHL where the regression of follicular dynamics explains the 
static data and documents shortened anagen and prolonged emptiness a�er exogen release, all contributing 
to decreased follicular performances.

�e linear growth rate during progression of hair loss warrants a closer view as in any chronic regressive 
disorders ageing might contribute by itself.

Hair productivity
�e details on statistically signi�cant di�erences between patients and controls are presented in Table 5 
(absolute data) and Table 6 (Percentiles) with the more sophisticated and complex computations in the �ve 
last columns. �e percentage of anagen hair (A6%) was reduced in more severely a�ected females LII and 
LIII for the �nest hair (20-30 �m and 40-50 �m). In all female patients, the LHGR of intermediate hair with 
diameters 40-50 �m was signi�cantly reduced vs. controls.

The absolute productivity of thinner and intermediate hair (20-30 �m and 40-50 �m) was lower in all 
female patient groups as compared with controls. Productivity (CIHG area %/day) of terminal hair in 
female patients without a clear pattern (Other) and in the less severely a�ected LI group was almost equal 
to controls, while it exceeded control values in the No-pattern group. �e global productivity (CIHG Tot) 
was in the normal range for the NoP group while signi�cantly reduced in patients classi�ed as �Other� as 
well as in the LII and LIII subgroups in correlation with increased time to complete coverage.

In MPHL, there was a shi� from decreased productivity of terminal hair towards increased productivity 
of thinner hair as compared to controls. �is compensation was ine�cient in terms of global productivity 
(CIHG Tot) that significantly reduced along with increased severity, i.e., from HII to HV. This matches 
with an extremely prolonged duration of the time to complete coverage and most likely re�ects the gradual 
involvement of the ROI by the regression process. Independently from gender, over 70% of patients stayed 
beyond P05 threshold for positive parameters of growth (CIHG Tot) and went beyond P95 for time to 
complete coverage (female LII, LIII and �Other� and male HIII-HV) all in relation with regression of 
follicular performances. In addition, when the per cent anagen drops below 60%, which means that the 
maximum length of the hair produced would probably remain shorter than 3 cm, the contribution to 
coverage and mass of scalp hair becomes negligible with decreased coverage as displayed in [Table 7]. �is 
hypothesis implies that growth rates would remain constant during hair loss and throughout lifespan. 
�erefore, we investigated the role of ageing on follicular performance.

�e global ANOVA on age found MPHL with higher severity to be signi�cantly older than less a�ected 
ones (P = 0.0004). There were no significant age differences in female groups (independently of the 
presence PHL). While age was generally not a major factor of variation in most parameters, some degree 
of regression was unravelled, as shown in Figure 5. �e detailed results of statistical analysis are displayed 
in [Table 8]. �e follicular productivity or CIHG results from the following operation: number of growing 
hair per unit area × LHGR × Diameter [area in �m2/(cm2 × 24 h)]. Provided that one exhaustively probes all 
productive follicular units in the outlined scalp surface, CIHG can easily be converted into scalp covered 
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With SCS, in the least severe cases, typically in females NoP and LI or males HI and HII, we know that the 
clinician was unable to quantify hair loss, as illustrated in Figure 7, albeit most patients already showed 
increased counts of nanohair [as shown in Figure 4 and detailed in Tables 1-8.

�e abacus in Figure 8 displays all data from 414 individual patients and 90 controls. For completeness, the 
dispersion of data around the average is shown separately for females and males in Figure 9. HMI abacus 
derives follicular performance from clinical rating of the �di�culty to detect scalp skin in between hair�.

As illustrated by the computer simulation of SCS [Figure 6], SCS with the hairstyling procedures re�nes 
Ludwig�s or Hamilton�s classification, especially as the more peripheral anterior-crown fields become 
involved. When SCS on the parted midline is displayed against a very precise measure of hair productivity, 
a statistically signi�cant linear correlation was found with intertwined female and male patients with or 
without pattern; all averages were found along the same line. �is strongly supports the practical value of 
the innovative abacus [Figures 8 and 9], implying that, when properly applied, the HMI method might 
substantially improve communication between professionals (practitioners or nurses and technicians 
working in hair clinics) and their patients.

�e clinical classi�cation, e.g., Ludwig or Hamilton, makes sense and in our practice the cartoons [Figure 1] 
are kept as the �rst level of information. SCS comes second together with our phototrichogram-generated 
data. In the case clinical scoring is the only accessible method, the abacus helps the duly trained clinician to 
translate his own estimate of scalp coverage into productivity, i.e., time to complete coverage. In short, all 
components support the proposed HMI approach.

Figure 7. Self-estimated severity scores by patients complaining of hair loss versus clinician�s estimates of pattern and severity. Female 
and male patients appear, respectively, in the left and right panels. All patients received the questionnaires and cartoons on their first 
visit to the clinic. They were not given any assistance during the reporting to be returned at the second visit. This prevents undue 
interferences between observer and patient evaluations. From the initial 304 females, we retrieved 294 duly completed files. From 
the initial 110 males, self-scoring documents were lacking for four subjects, thus 106 were retained. The other questionnaires were 
considered as lost to follow-up. The dermatologist�s classification appears as �DermPattern� in the shaded areas (blue) while the �self 
minus derm� (red bars) reflect the differences between patient�s self-estimated classification and the clinical severity attributed by the 
dermatologist. Positive bars indicate overestimation while negative bars indicate underestimation by patients as compared with the 
dermatologist�s evaluation. In the pool of 294 females who completed the self-administered questionnaire, there is no apparent surface 
when dermatologist found no pattern (cases on the left side of the vertical bar; no pattern (NoP) scored as 0). The cases on the right 
side of the vertical bar appear as positive shaded areas (light blue) reaching up to 1, 2 or 3 (scale from -3 to +3; y-axis) for females with 
a Ludwig pattern rated as LI, LII or LIII, respectively. Only 5% of the pool of 294 females (14 occurrences in total; eight in NoP and six 
in LI) overestimated their condition and attributed a more severe score. Complete agreement between subjective estimates by females 
and clinician was recorded in 38% of females while underestimation occurred in 57% of the female patients (167 cases; one grade for 
140 subjects and two grades for 27 subjects). Similarly, in males (all pattern hair loss; scale from -5 to +5), only 2.5% overestimated the 
severity (one HII by two grades and one HIII by one grade), while 85% and 72% of HIV and HV, respectively, underestimated the clinical 
class attributed by the investigator.






















