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Introduction
At least 25,000 years have elapsed between the artistic de-
pictions of facial aging and scalp hair loss and the publica-
tion of clinically relevant cartoons illustrating patterns with 
severity grades (Fig. 1a–c).1,2 It is worth noting that more 
complex categorical systems3,4 emerged subsequently that 
covered a broader spectrum of clinical patterns. In our expe-
rience, simpler schemes shown in Figure 1b and c assessed 
the diversity of clinical impressions of pattern hair loss in a 
general dermatology practice, namely, subjective opinions 
without calibrated-quantitative estimates of hair growth and 

hair fiber formation.5 Indeed, miscategorization of hair loss 
can hinder the proper clinical assessment of known or novel 
treatments for pattern hair loss.

At the turn of the 21st century, objective records with 
standardized global photographic approaches became 
a significant part of drug efficacy trials for patterned hair 
loss.6,7 However, during test-retest scoring of the severity 
of patterns on printed photographs, experienced clinicians 
reported a lack of reproducibility of the commonly used Ham-
ilton-Ludwig scales.8 Finally, a 5-point scale was proposed 
for staging hair loss in females implementing the Venning 
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and Dawber approach,9 a gender-restricted un-calibrated 
scale, applied in population studies. Accordingly,9,10 parting 
the wetted hair along the midline improved the ability to visu-
alize scalp skin showing through the hair mass. Albeit expert 
consensus conferences generated guidelines,11 we found 
no formal guidance on methods for quantification of hair pro-
duction and how to challenge questionable hypotheses like 
“regrowth of terminal hair from miniaturized follicles”.12

Published studies clearly illustrate shortcomings in terms 
of standardization of scalp preparation, hair growth param-
eters, and global imaging13–15 with low-quality images sup-
porting efficacy claims in the patent literature.16

In the meantime, developments and innovations in hard 
and software imaging continue to progress. Essential steps 
require human intervention during imaging procedures and 
quality control of detailed hair growth analysis. For exam-
ple, trichoscopy on the parted midline on the epicenter of 
patterned hair loss seemingly correlates with the severity 
scores taken as ‘hair mass’. The “Trichoscopy Derived Sin-
clair Scale”17 typically represents yet another indirect scaling 
procedure without real measurement of actual hair produc-
tivity. In this paper we raise the question: is there room for 
improved validation of a global method and can a non-expe-
rienced clinician be trained?

Historically we developed detailed exhaustive measure-
ments of performances of individual hair follicles at the lead-
ing edge of the balding process. This detailed measurement 
was developed separately from more clinical global evalu-
ations of scalp hair. The authors thought that it was timely 
to study correlations as both approaches, while quantitative 
and independently developed, seemed complementary. Be-
fore weaving the two methods into a unique continuum, we 
proceeded to the validation of the standardized dry hair ap-
proach for the practice of Scalp Coverage Scoring (SCS) in 
routine dermatology clinics and trials,18,19 we now propose 
that combing the dry hair with parting from the midline and 
segmentation of the top of the head into 4 square regions, 

from the crown to the frontal hair line, represents a promis-
ing and appropriate clinical development in the field. This 
applies to male and female patients with or without pattern 
hair loss and, consequently, SCS uniquely depends on dif-
ferentiating scalp show-through from hair density in all hair 
loss patients independently of gender and hair loss pat-
tern.20

While the SCS method has proven reliable and clinically 
useful in our hands, and phototrichogram methods are de-
pendable when operated by expertly trained technicians 
and clinicians with access to digital imaging software, there 
remains the need for a simple and reliable calibrated scor-
ing scheme for use in general practice. Herein we describe 
our success in transferring the SCS method to ‘naïve’ ob-
servers, regardless of their medical background, without 
the need for digital analysis equipment and with minimal 
training.

Material and methods
Scalp preparation and imaging
Improvement in scalp hair coverage assessment on parted 
hair beyond the use of cartoon scales resulted from pre-
cise estimates of scalp hair growth and productivity (a mix 
of density, diameter, and length) tested comparatively in the 
504 subjects against SCS, as previously described.20 Hair 
productivity has been established by employing an original 
and validated method; the non-invasive exhaustive sam-
pling method called contrast-enhanced-phototrichogram-
with exogen-collection (CE-PTG-EC further PTG method). 
Productivity is a computation of [number of anagen hair per 
unit area (n/cm2)] × [diameter (µm)] × [linear growth rates 
(µm/day)]; the sum represents a fraction of the ROI-surface 
(ROI, region of interest) covered in a short period (usually 48 
h). Another calculation expresses the time required to com-
pletely cover the ROI (e.g. 1 cm2).

Fig. 1. Clinical schemes and Scalp Segmentation for hair loss estimation. The subfigures present the evolution of hair loss imaging. 
(a) 25,000-year-old cave drawings (modified by the principal investigator with permission20). Cartoons of patterns along with severity grades 
for hair loss in females (b, FPHL2,5) and males (c, MPHL1,5) from 1960s to 70s. (d)The currently presented SCS method is a segmentation 
approach to estimate scalp coverage scoring independent of gender or pattern. (e) Standardized imaging of a panel of 30 male patients il-
lustrates that cartoons do not always reliably fit clinically perceived patterning. (f) Precision in detecting regression using imaging varies by a 
method using the same sample of placebo-treated males with pattern hair loss (MPHL): clinical observation, yellow line, fails to detect 50% 
regression in 5 years; SCS assessment method detects 50% regression after 3 years (f. magenta line) while natural hair cycle regression 
was detected within 12 months if measured using phototrichogram (f, blue line). FPHL, females with pattern hair loss; MPHL, males with 
pattern hair loss.
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Procedures for global scalp imaging, SCS, and PTG meth-
ods for hair growth dynamics on a small surface (around 1 
cm2) are illustrated and compared in Figure S1. Classically, 
the region of interest was located at a distance from the epi-
center i.e. in the progressing edge of alopecia (usually 4 to 
7 cm from the midline on the top of the head) as outlined by 
a ring or identified with a micro-tattoo dot on clinical pho-
tographs in this particular comparison, like during previous 
clinical trials.20–22,26 With this unique approach, readers can 
independently discern what might seem ‘theoretically’ obvi-
ous to investigators, clinical research organizations (CROs), 
and industrial companies, yet it continues to be a subject of 
debate in regulatory agencies (ex: FDA, EU). This method 
may be the only way to truly appreciate the correlation—or 
lack of it—between the global perception, the SCS, and the 
detailed hair productivity measurements (Further details on 
the comparisons between methods are presented in Figures 
S2 and S3 with a historical record providing more detailed 
aspects of the figure in File S1).

The question of combining clinical severity and scoring 
methods was resolved as follows. We developed a segmen-
tation approach to estimate scalp coverage scoring (SCS) as 
an objective global method (Fig. 1d). Scoring precise areas 
that cover the top of the head or vertex helps quantify loss 
with or without patterning independently of gender.18,19 In-
deed standardized imaging illustrates that real patients do 
not always fit simplified classifications (Fig. 1e).

A speculative and experimental SCS assay based on a 
5-year follow-up of untreated males with patterned hair loss 
(Fig. 1f, placebo) suggested that 50% of subjects would be 
rated as worsened in around 3 years (Fig. 1f, magenta line). 
The threshold would be reached after more than 5 years if 
changes were based only on clinical impressions without 
precise tracking (Fig. 1f, yellow line). Close-up imaging as 
with PTG required less time to detect regression of produc-
tivity i.e. less than 1 year (Fig. 1f, blue line).20–22 Tentatively, 
more precise hair productivity measurements might antici-
pate trends to regression in hair loss sufferers.

A longer TTCC indicates reduced hair productivity and 
decreased future growth potential in more severely affect-
ed patients. In contrast, less affected subjects with higher 
productivity (and faster growth rates) show reduced time to 
complete hair coverage and herald better prognosis in terms 
of responses to treatments. In essence, TTCC encompass-
es all measurable dynamic criteria.

Therefore, we proposed combining SCS with detailed hair 
productivity by the PTG method. Standardized scalp prepa-
ration protocol was as follows: before they visited the clinic, 
patients were instructed to wash their hair at least twice 
weekly, with the last shampoo on the morning of the assess-
ment. Upon arrival at their appointment, patients presented 
with dry hair, free of any extraneous materials, and prefer-
ably unclipped and unshaved (at least 4 cm long). Initially, 
scalp hair was combed in a wheel’s spokes pattern as sub-
jects entered the examination room, which was illuminated 
with fluorescent light. With assistance from the technician 
in charge, subjects positioned their heads correctly within a 
stereotactic device that delivered light at a right angle23 to 
the top of the head. Finally, the hair was parted along the 
midline, and a new image was captured according to the pro-
tocol (Fig. 2).

SCS training, transfer of competence, and testing of 
evaluator performance

SCS: basic training and developing the evaluation 
criteria
A series of clinical cases, unrelated to the present assay, 
were identified and images were provided as a training set. 
Whenever necessary, the principal investigator delivered 
extra instructions providing up to 380 fields with SCS data 
to support naïve observers on how to score with the SCS 
method.

Methodological key points were explained by the Princi-
pal Investigator using a privately owned training package 
(PowerPoint slideshow). Various examples of clinical situ-
ations and potential confounders were analyzed including 
but not limited to the skin of color linked mainly to ethnic 
background, the contrast between phases i.e. dark or white 
hair on paler or darker skin, the influence of various external 
interventions i.e. hairdressing and styling, imaging on parted 
clean or wet and dry scalp, lighting conditions, as indicated 
in detail previously.23 Observers were instructed to consid-
er scalp skin and the mass (density) of hair as 2 separate 
phases: a discontinuous phase made of individual hair fibers 
and a continuous phase representing the skin underneath 
the hair mass.

After completing the short training (PowerPoint presenta-
tion with a series of clinical cases with SCS values deter-
mined as “a ruler” by the principal investigator), the observer 

Fig. 2. Images for scalp coverage scoring by trained observers. Panels 1–4, global views of the top of the head (4 representative patients) 
show clean dry scalp hair parted on the midline overlaid with a grid. The white empty circle shows the region of interest (ROI) where hair pro-
ductivity was measured using PTG. From left to right (numbers 1 to 4), the principal investigator qualified subjects as no-pattern, Ludwig I, II, 
and III. The latter is further illustrated with the 4 fields along the midline (panel 5: p1 to p4). The gray scale in the upper right corner of panel 5 
is a symbolic representation of 5 degrees on a ‘numeric difficulty scale’ to see scalp skin through the hair (black (5): very difficult; white (0): no 
difficulty). ROI, region of interest; PTG, phototrichogram.
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was capable of estimating how easy or difficult it was to see 
the continuous phase i.e. the scalp skin through the hair. Not 
focussing on the amount of hair in the discontinuous phase 
was a fundamental requirement for the training and would 
prevent a cognitive bias. For this, a symbolic ‘difficulty’ scale 
was developed and shown simultaneously with the parted 
midline as a 5-point grey scale (Fig. 2, panel 5). In this scale 
white-transparent field was equal to a score of 0 and in the 
dark-grey or black field a score of 5. Accordingly, a score 
of 5/5 means it is ‘almost impossible, or very difficult to no-
tice scalp skin’, while 0/5 means ‘no difficulty seeing the skin 
through the hair’, within the field of interest. During the scor-
ing exercise observers were shown the global aspect (Fig. 
2, panels 1 to 4) together with the 4 fields to be scored (ex-
emplified for patient 4 by combining top view and segmenta-
tion grid as shown in panel 5). The statistical analysis was 
performed after the data were encoded and subsequently 
correlated with individual statistics (see Table 1).

Summation of the scores recorded on the 4 different fields 
covering the midline (P1–P4 as shown in Figs. 1d and 2, 
panel 5) generate a maximum total score of 20 in case of 
complete coverage i.e. great difficulty in seeing any scalp 
through the hair. The sum was converted into a percent-
age as follows: (4 × 5) / 20 equals 100%. Conversely, 0/20 
means ‘no difficulty at all to notice scalp skin’ i.e. 0% in rela-
tive terms. The SCS% of maximum (SCS% Max) was further 

processed statistically when comparing the scoring con-
sistency between the Principal investigator and the newly 
trained observers.

SCS selection of 10 test cases
The principal investigator screened the Skinterface-clinical-
database. Best quality images (2,592 × 1,944 pixels; 72 DPI 
reset to 41 × 36 cm for inclusion in PPT files) from 10 subjects 
complaining of hair loss, 5 males and 5 females with moder-
ate to high hair density, were selected. All were scored by the 
principal investigator and cases were plotted along with PTG-
measured productivity on the Hair Mass Index (HMI) abacus 
(Fig. 3). The 10 images to be used for the training set were 
chosen as close as possible to the experimentally validated 
regression line i.e. Hair Mass Index abacus. This HMI math-
ematically interrelates the scalp coverage score and the time 
required to completely cover the region of interest (TTCC), 
using a population of 504 subjects as detailed elsewhere.20 
TTCC is the number of days taken by growing hair in a clipped 
area to cover the area completely.20 In short, more days in 
TTCC means less productivity including a possible mix of less 
hair, smaller diameter and/or lower growth rate. SCS values 
are expressed as the maximum (% Max) that could be re-
ported i.e. 100% = 20/20 and 0% = 0/20. The hair productivity 
along with SCS%Max of our test sample (x-y coordinates of 
10 selected patients; females: blue dots; males red squares, 

Table 1.  Detailed clinical data and hair parameters of 10 selected test subjects

Clinical Criteria Hair number per unit area (n / cm2) Anagen 
(Diameter µm) Productivity Clus-

ter n°

Gender Graph Age 
(years)

Cat-
egory

Exogen 
Total Nanos 20–30 

µm
40–50 
µm ≥60 µm n % TTCC SCS 

% Max
Rank 
TTCC

Female Blue 38 L I 3 25 46 190 228 200 88% 21 93 1
Female Blue 78 Other 2 26 19 15 156 152 97% 25 90 1

Female Blue 48 L III 9 45 36 36 82 63 77% 49 60 2
Female Blue 24 L II 11 83 91 94 53 46 86% 56 60 2

Male Red 30 H III 1 14 24 77 117 82 70% 54 75 3
Male Red 23 H III 1 61 48 86 149 68 46% 53 73 3

Male Red 26 H III 5 29 94 108 83 51 61% 56 70 4
Male Red 30 H IV 18 82 81 95 76 55 72% 66 55 4

Male Red 48 H V 13 62 85 118 72 38 53% 95 30 5
Female Blue 60 L III 26 241 111 16 33 29 87% 122 48 5

This table displays individual PTG data of the 10 selected cases. From left to right the first column header reports clinical criteria, such as gender, color used in graphic displays, age 
(years), and clinical categorization (Ludwig scale I to III, LI-LIII; Hamilton scale III to V, HIII-HIV-HV or other which means no clear patterning). The second column header reports 
hair densities (hair number per unit area; n/cm2 split into a total number of exogen (exogen Total), nano-hair whose diameter is less than 20 µm (Nanos), followed by thinning, 
intermediate, and terminal hair with diameters of very thin or thinning hair (respectively 20–30 µm, 40–50 µm and those larger than 60 µm). Terminal anagen hair (diameter 
larger than 50 µm) is shown as absolute density or relative growth percentage respectively n/cm2 and %. The individual data are finally completed in the last 2 columns with pro-
ductivity defined as time required to completely cover the scalp after clipping session (TTCC; days) and clinical appreciation of coverage with the SCS %Max rated by the principal 
investigator. The clustering process deserves a specific comment. At the far right based on their rank order of TTCC, we created 5 clusters; 1 being best and 5 being worst TTCC. 
PTG, phototrichogram; SCS, scalp coverage scores; TTCC, correlation of time to complete coverage.
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Figure 3.) appear all close to the regression line known as 
the Hair Mass Index abacus (HMI). The HMI-regression line 
represents the population statistics (see Figure 4) as estab-
lished earlier on 504 test subjects and around 500,000 hair 
measurements.20 The x-y coordinates of individual patients 
were grouped 2 by 2 in 5 clusters. Clusters contain the closest 
neighbors in terms of TTCC.

The SCS and hair productivity in the 10 selected cases 
ranged respectively from a maximum of 100% down to 
less than 50% coverage while the productivity expressed 
as TTCC in the region of interest was almost equal to nor-
mal (cluster 1; 21–25 days) as opposed to 5.8 times longer 
(TTCC: 95–122 days in cluster 5) i.e. almost no potential for 
complete coverage as compared to normal controls (detailed 
in Table 1).

Images were randomized in a PowerPoint format, num-
bered 1 to 10 and no additional information (such as gender, 
clinical history, SCS, or productivity) was available to any ob-
server before their involvement in the present scoring assay. 
The principal investigator also participated under the same 
conditions using the same PowerPoint slideshow and scored 
the SCS four times spread over a week with records blinded 
during the repeat days of SCS performance. The first test-
retest session occurred in 2020 and the second one in 2022. 
Overall, with four sites per subject, the principal investigator 
conducted 320 evaluations.

SCS by trained observers
The training was delivered to 14 observers, 4 without medi-
cal background (trained via remote e-sessions; Belgium, 
France, and UK) and 10 clinical Dermatologists (face-to-face 
in one session) employing a PowerPoint slideshow. Their 
medical/dermatological training took place in different Eu-
ropean countries (Belgium, Bulgaria, France, Netherlands, 
Portugal, and Ukraine). The former 4 tested SCS at their 

offices while the latter 10 attended a live session together 
in Belgium (Spring 2022). After due training, each observer 
received a complete set of 10 numbered randomized images 
without any identification of severity, gender, etc. They un-
dertook SCS evaluations, exclusively on the 4 fields (P1–P4 
as shown in Figure 2) with parted hair along the anterior-
posterior axis. Cumulatively 560 scores were collected by 
observers.

SCS data collection and processing
Scores were collected anonymously by the investigator and 
processed for statistical analysis.

Statistical analyses
The individual source data i.e. clinical and analytical records 
appears in Table 1.

SCS values were calculated as % of maximum coverage 
on a per-patient basis.

Observers were categorized into 2 groups: one without (n 
= 4) and another one with a medical background (n = 10). 
Analysis of variance compared scores by these 2 panels vs 
scores by the principal investigator who rated SCS on 4 dif-
ferent days in 2020 (Statview®; Scheffe F-test; Bonferroni/
Dunn) to test inter-observer variations. Analysis of variance 
(ANOVA) was also used to compare the average of 4 read-
ings made by the principal investigator in 2020 with those 

Fig. 3. Scalp coverage scores and productivity on the Hair Mass 
Index abacus. Correlation of time to complete coverage (TTCC), 
namely, hair productivity data in our test sample (x-y coordinates of 
10 selected patients; females: blue dots; males red squares) against 
the relative scalp coverage scores (SCS % Max; y-axis) established 
by the principal investigator. Closeness to the regression line known 
as the Hair Mass Index abacus (HMI) reflects the alignment of SCS 
scores with data established earlier on 504 test subjects and around 
500,000 hair measurements.20 C1 and C5 are two clusters reflect-
ing good (C1) and poor (C5) scalp coverage. SCS, scalp coverage 
scores; TTCC, correlation of time to complete coverage.

Fig. 4. Scalp coverage scores and productivity on 10 selected 
cases vs population (n = 504). Productivity appears on the x-
axis as Time To Complete Coverage (TTCC; days) as in Figure 3 
against Scalp Coverage Scores (SCS) by the principal investiga-
tor expressed as the maximum (% Max). The hair productivity of 
selected test subjects i.e. 5 males and 5 females (respectively top 
panel red squares and bottom panel blue dots) were plotted indi-
vidually against 414 patients’ data i.e. 110 males and 304 females 
- all complaining of excessive hair loss. The yellow circles highlight 
normal control data (90 test data) with high SCS and short TTCC. 
The individual clinical data and PTG statistics are ranked according 
to TTCC as detailed in Table 1. SCS, scalp coverage scores; TTCC, 
correlation of time to complete coverage.
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made in 2022 to test intra-observer variation. In case varia-
tions would not be statistically significantly different, regres-
sion correlation was evaluated. Finally, hair loss patients 
were clustered 2 by 2 into 5 clusters as detailed in the last 
columns in Table 1 i.e. according to productivity i.e. Time To 
Complete Coverage (TTCC). These clusters will appear on 
the HMI abacus.

Results
Clinical Severity vs SCS
From the clinician’s perspective, SCS quantifies deviations 
from normal phenotype (Fig. 2, Table 1) and correlates with 
scalp hair productivity (measured as time to complete cov-
erage; TTCC). The latter, as well as the former, were only 
partly reflected by static parameters like different types of 
hair densities,20 as confirmed in the present assay (Table 
1, Fig. S2). For completeness in Table 1 we give threshold 
values for 5 essential parameters in female and male test 
subjects (F; M) as deviations from percentile 95 in our con-
trols as published extensively:20 exogen: F: 14, M: 7; nano 
F: 17/cm2, M: 19/cm2; terminal hair F: 228 cm2, M: 241 cm2; 
TTCC: F: 31 days, M: 34 days; and SCS always over 95%. 
During the COVID-19 pandemic, basic training and the de-
velopment of the evaluation criteria were given at a distance 
and the four observers practiced the SCS method at leisure 
in their own offices. The live session with 10 Dermatologists 
combined training with scoring exercises in one single ses-
sion (May 2022).

Regarding the clustering, individual data for all subjects 
beyond cluster 1 exhibited abnormalities for most param-
eters. Interestingly, neither terminal hair density nor anagen 
hair (absolute density or relative percentage) perfectly cor-
responded with hair productivity or its clinical manifestation, 
and scalp coverage scoring. To better understand the clinical 
implications concerning the statistical analysis, we typically 
grouped the ratings of the two females shown on the left 
(subjects 1 and 2 in Fig. 2) in cluster 1, categorizing them 
as less affected, while the most affected female (Ludwig III, 
subject 4 in Fig. 2) was grouped with a male (Hamilton V) 
categorized as cluster 5.

SCS: transfer of competence and testing of perfor-
mance
The typical global appearance of scalp coverage is exempli-
fied in 4 females (Fig. 2). While the observers had no access 
to detailed clinical data and hair productivity parameters, all 
10 cases published herein were chosen on the basis first 
of their source value of SCS confirmed by hair productiv-
ity or TTCC values. Transfer of competence was deemed 
successful as these 2 combined parameters were quite 
close to the regression line of the population HMI-abacus 
as established previously.20 The details of selected cases 
are described in Table 1 along with their nearest neighbor 
approach constituting 5 clusters of SCS values.

After reporting the individual data (Table 1) and placing 
the selected cases and clusters on the HMI abacus (Fig. 3), 
the combined SCS and hair productivity results of five male 
and 5 five female subjects were also displayed separately. 
These results were contrasted against the individual data of 
all our patients and volunteers, thus establishing our ‘hair 

loss population’ of 342 females and 162 males. These com-
parisons are displayed in Figure 4.

SCS: comparative performance of trained observers 
and principal investigator
Analysis of variance detected no statistically significant dif-
ferences between scores by the adequately trained observ-
ers versus the principal investigator (ANOVA). The trend of 
correlation (Figs. 3 and 4) was confirmed after clustering 
with an excellent linear fit (Fig. 5). Trained observers scores 
correlated linearly with those of the principal investigator 
(R2: 0.975; equation: y = 23.22 + 0.62 x). Hence, the SCS 
method seemed easily transferrable to a researcher, even 
with remote training, and their scoring equaled SCS by the 
principal investigator.

SCS: inter-observer variability and intra-observer re-
peatability
As the statistical approach includes acceptable variation and 
known errors, we also detail inter- and intra-observer varia-
tions. During 2 test-retest sessions (4 days each over 1 week 
- 2 years apart), the principal investigator appeared to deliver 
consistent SCS values with a regression line y = 15.99 + 
0.82 × (R2 = 0.92). Although there were some inter-individual 
variations, there was a linear fit between 14 trained observ-
ers and the principal investigator according to the following 
equation: y = 14.2 + 0.76 × (R2: 0.62; Fig. 6).

Discussion
The primary methodological finding of this study is that ‘scalp 

Fig. 5. Correlation between scalp coverage scores by different 
observers. The 5 data points express the percentage of maximum 
(y-axis; SCS % Max. by 14 duly trained observers) meaning from top 
to bottom the least affected subjects (over 90% hair coverage) to the 
most severely affected ones (between 30 and 48% of SCS Max.% 
i.e. severe hair loss). The observer’s 5 data points were compared 
with scores proposed by the Principal investigator (x-axis; SCS%, 
PI). For the sake of completeness, the blue dots on the x-axis relate 
to the 4 females in Figure 2 with SCS given by the PI. Overall, there 
was a linear fit between trained observers and the PI (R2: 0.975) 
with a linear equation: y = 23.218 + 0.6165x. SCS, scalp coverage 
scores; PI, principal investigator.
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coverage scoring’ (SCS) is an easy-to-use and clinically rel-
evant method for estimating scalp hair loss. Furthermore, 
the SCS method can be quickly mastered when training ses-
sions are conducted face-to-face or via remote technologies. 
After appropriate training, the performance of ‘naïve’ observ-
ers statistically matches that of the principal investigator 
who has 20 years of experience using this method. Notably, 
neither the observers’ general educational background nor 
their prior detailed knowledge of hair assessment affected 
the outcomes.

From the conception of SCS, we chose to avoid examin-
ing paired images as before-and-after pictures. By ensuring 
similar exposure, SCS on images viewed individually ad-
dressed the issue of time-related bias.18,19,25

The scalp and hair preparation is key for reproducible 
imaging and scoring as well during the initial consultation 
and for follow-up studies, as stressed by several groups.18–26 
This report highlights the clinical importance and relevance 
of using SCS on standardized global scalp images and that 
it is independent of other parameters like the specific scalp 
area involved. In short, SCS is an objective rating of sever-
ity, independent of time, gender, and pattern offering quan-
titative assessment from global images. The SCS method, 
unlike others,1–5 does not include the frontal hairline that 
remains key for clinical identification at first glance of pat-
terned hair loss, especially in females where it is generally 
– more or less well-retained.2 We developed this approach 
for images taken of the top of the head as the curvature is 
rather small in this field which flattens the image and aids 

analysis. Others have pointed out the difficulty of assessing 
global top-of-head images.8,23

During the initial stages of this research and development, 
we anticipated that the scalp’ relationship with the frontal 
skull curvature could present challenges, leading us not to 
develop this technique for alopecias primarily involving the 
frontal hairline as in frontal fibrosing alopecia. Standardiz-
ing the combing or styling of the hair at the front for top-of-
head imaging also poses challenge. Additionally, the hairline 
often presents a binary situation—either hair is present or 
not across the margin of the hairline—both making it more 
difficult to assess the percentage of the area involved. The 
frontal line is important for the severity classification of the 
pattern of hair loss. It can be subjectively incorporated into 
the SCS score by the clinician. Moreover, our cohort com-
prises females with hair loss but without evidence of pattern-
ing, and – by definition - none had inflammatory conditions.

Furthermore, as most patients underestimate the sever-
ity of their condition at baseline,20 we advise not to share 
images with the patient. Showing these views to the patient 
during follow-up studies might become a confounder. During 
clinical trials, the sharing of images remains to be tested in 
terms of increasing or decreasing anxiety.27,28

Using cartoons as a guide for severity scoring of patterned 
hair loss is the ‘norm’ in clinical practice and quite efficient 
for diagnostic purposes. However, the use of this cartoon 
representation of hair loss patterns lacks reproducibility and 
sensitivity across time (personal unpublished experience).8

In a recent study, we drew to the attention of hair research-
ers that the intervals between clinical categories or severity 
classes as depicted in the cartoons, were unequal.20 With 
few exceptions, unequal intervals e.g. severity grades 2 and 
5 may not be averaged as grade 3.5 while a progressive re-
covery towards normal pre-pubertal phenotype or productiv-
ity might remain an ideal target. It remains beyond this paper 
to discuss all biological reasons related to this yet undefined 
threshold but hard evidence favoring the hypothesis of par-
tial ‘irreversibility’ has been published.20–22,29–31

Clinicians will probably see a percentage of patients com-
plaining of hair loss with a substantial mass of hair and SCS 
max 100%. These may be the initial steps towards moderate 
telogen effluvium29–31 with a significant amount of hair shed-
ding. Phototrichogram, unit area trichogram, and trichoscopy 
methods can detect some degree of hair follicle miniaturiza-
tion with a significant increase of miniaturized fibers (less 
than 40 µm) or extreme thinning (less than 20 µm diameter). 
As growth rate together with the duration of anagen are 
subsequently drastically reduced, such short anagen hair 
follicles enter telogen prematurely and appear on the scalp 
with very short fibers. Once quantified, the presence of in-
creased exogen, nano hair, and thinning in the 20–30 µm 
diameters (see Table 1) support the distinction of initial steps 
of reduced hair productivity on the way to patterned hair loss 
while coverage is still close to a normal phenotype.

From the more global perspective, the human eye, even 
in observers with a large clinical experience, has a prefer-
ence for a limited scale for differentiation (e.g. 5 categories) 
and 20% differences are considered as a reasonable limit 
of precision for clinical estimations.29–32 While nothing im-
pressive occurs at a distance from the frontal hairline with 
incipient patterns (Hamilton I-II) we previously showed that 
in more severe situations (Hamilton V, Ludwig III) coverage 

Fig. 6. Inter-individual variation in SCS performance. The av-
erage scores by 14 trained observers express the percentage of 
maximum (y-axis; SCS % Max) against average scores of 4 times 
repeat sessions made in 2020 by the Principal Investigator (x-axis; 
SCS% Max). Albeit inter-individual variations, there was a statisti-
cally significant linear fit between 14 trained observers and the prin-
cipal investigator (R2: 0.62) with a linear equation: y = 14.2 + 0.76 
x. Comparatively intra-individual variation was less as SCS by the 
principal investigator in 2020 and in 2022 equated as follows: y = 
15.99 + 0.82 × (R2 = 0.92). Strict consistency studies with repeat 
imaging over time and tracking confounders are illustrated in Figure 
S3. SCS, scalp coverage scores.
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reduction by 20% represents a significant decrease in hair 
growth/density along with a dramatic increase in the time to 
complete coverage,20 thus sensitivity in detection of early 
hair loss is reduced.

Conclusion
Thus, SCS as a global and clinically relevant quantification 
approach for assessment of scalp coverage by hair seems 
to operate well after a short training session and has reason-
able sensitivity and accuracy. The method is simple enough 
to be applicable (in real-time) in the medical office.

Limitations of the SCS method lie in the repeated re-
producible preparation of the patients’ hair before imaging 
(styling and combing on the midline) and consistently repro-
ducing this preparation on each visit. Whatever human inter-
vention, there might be a methodological drift over time (ex-
amples are shown in Figs. S1 and S3). This being taken into 
consideration, SCS appears as the most relevant forerunner 
to validate artificial intelligence approaches using images 
for the assessment of hair thinning and great care should 
be taken with interpretation of coverage in the absence of 
precise measurements of hair productivity. Applicability of 
the HMI-abacus should be restricted to chronic, slow hair re-
gression phenomena i.e. clearly not inflammatory conditions 
like alopecia areata or chemotherapy-induced loss (details 
can be found in File S1 and Fig. S1).

In summary, we propose SCS to the hair clinician and in-
dustry hair researcher; its simplicity, its translational potential, 
its use of standardized and well-controlled imaging of the top 
of the head, and the ability to bring it together with other meth-
ods such as PTG (phototrichogram), make it a valuable addi-
tion to the armory of methods for clinical hair research.
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