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Abstract
Purpose In order to evaluate the efficacy of scalp cooling for
the prevention of chemotherapy-induced alopecia (CIA), it is
essential to precisely quantify the amount of hair mass that is
present.We wanted to determine if the hair mass index (HMI),
obtained by cross-section trichometry (CST), was a suitable

parameter for hair mass measurement, and whether or not
marking the measurement site on the scalp was necessary.
Methods Ten patients receiving chemotherapy were sequen-
tially measured using CST during their treatment. At the same
time, they were asked to report severity of hair loss via three
subjective parameters: World Health Organization (WHO)
grade, visual analog scale (VAS) score, and patients’ need to
wear wig or head cover. To investigate the need of marking of
the measurement area, differences in HMI between a random
2×2-cm site (HMI-C) and four surrounding areas (HMI-S4)
on the scalp of eight volunteers and eight chemotherapy
patients were calculated and compared.
Results Using CTS, hair loss due to CIA was quite
measurable and ranged from 13 to 82 %. Reported
VAS scores and WHO grades showed an increase in
patients in time; 50 % of patients reported the need to
wear a wig or head cover. The difference between HMI-
S4 and the HMI-C values in all subjects of the marking
group was homogeneously distributed between −11 and +
10 and was not statistically different between the volun-
teer and the patient groups (p=0.465).
Conclusions CST for HMI measurement is a useful me-
chanical modality for assessing hair loss in CIA patients. It
is quantitatively more precise than existing non-mechanical
measuring methods. It is recommended when detection of
minor changes in hair quantity is required. Marking a fixed
sampling area to ensure return to the exact same site is only
required when a minor change in pre- and posttreatment
HMI values is anticipated and the mid-line locating device
is not/cannot be used.
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Introduction

Hair loss is one of the most common, feared, and traumatic
aspects of chemotherapy [1, 2]. Chemotherapy-induced al-
opecia (CIA) can have a negative impact on body image,
self-esteem, and therefore, on quality of life [3, 4]. Further-
more, it deprives patients of their privacy because it is a
visible sign of chemotherapy [5].

Severity of CIA is related to, among other things, the
selected cytostatic drug, treatment protocol, and patient char-
acteristics [2]. Scalp cooling is an effective method to prevent
CIA [2, 6–9], but it is known that a lot of factors influence the
results [2, 8–10]. However, due to lack of an objective, simple,
and accurate method to measure hair loss, their degree of
influence is scarcely investigated. Until now, only subjective
methods have been used to evaluate severity of CIA. Photo-
graphic documentation and different grading scales, like the
criteria for toxic effects of the World Health Organization
(WHO), the common toxicity criteria, or visual analog scale
(VAS), and questioning the patients’ need to wear a wig or
other head cover [2, 10, 11], have been used. Although patient
satisfaction will always remain an essential criterion in the
evaluation of CIA prevention by scalp cooling, it is scientif-
ically more desirable to use a precise objective modality to
measure hair mass. Until recently, the only objective hair
quantity measurement methods were scalp biopsy, phototri-
chogram, global photography, and TrichoScan analysis. How-
ever, these methods are never used in scalp cooling research
because they are expensive, time consuming, or invasive.

The ideal method, suitable for clinical practice, would be
noninvasive and patient-friendly, easy to perform, economical,
reproducible, and an objective hair measurement method [9].
Cross-section trichometry, developed by Cohen [12–15],
seems to meet those requirements. In this pilot study, we
compare the usefulness of the hair mass index (HMI) obtained
by cross-section trichometry to three currently used subjective
parameters used to evaluate hair loss in chemotherapy patients.

Purpose

The major goal of this pilot study was to examine the
usefulness of hair mass index, obtained by cross-section
trichometry, as an objective parameter to assess hair quantity
compared to three current subjective parameters in patients
undergoing chemotherapy.

Early reports of cross-section trichometry advise that a long-
lasting mark/tattoo should be used when returning to the same
area for remeasurement to prevent compromising the measure-
ment [12, 15]. Considering the disadvantage of this marking on
the scalp of a person who is at risk of losing every bit of hair
concealing it and doubting the absolute necessity, our second
goal was to assess the necessity to mark the scalp skin of the

area measured with the trichometer for follow-up measure-
ments. Recently, Hendriks et al. described using the mid-line
locating strip attached to a fixed point on the glabella to mark a
fixed site along the midline with nonpermanent ink [15].

Materials and methods

This study was conducted at the Máxima Medical Centre in
Eindhoven, The Netherlands, between November 2010 and
May 2011.

Short introduction in cross-section trichometry

Using the commercially available version of the cross-section
trichometer prototype, HairCheck, hair mass quantity was
measured. HairCheck is a hand-held instrument that measures
the cross-sectional ratio of an isolated bundle of hair in a
premeasured area (2 cm×2 cm) of the scalp and generates a
displayed value on a led screen. HMI is the square millimeter
of hair per 1 cm2 of scalp ×100. The sampled hair must be at
least 2.5 cm in length at time of testing [12–14]. The Hair-
Check system also includes a mid-line locating device ensur-
ing return to a former sampling site. The HMI measurements
were performed between 2.5 and 3.5 cm hair length by the two
first authors trained to use the HairCheck system, in accor-
dance with the HairCheck instructions.

HMI obtained by cross-section trichometry compared
to three subjective parameters

Ten patients undergoing their first chemotherapy course
were included to measure hair mass index in time during
treatment. Change in HMI was compared to change in
reported subjective parameters, namely WHO grade, VAS
score, and patients’ need to wear a wig or other head cover.
The only exclusion criterion was hair less than 2.5 cm in
length. At the time of enrolment, the following patient
characteristics were collected: age, gender, type of cancer,
and type/dosage of chemotherapy.

A baseline HMI measurement was performed on the
temporal side of the scalp. The temporal side was chosen
instead of the mid-line of the scalp as advised by HairCheck
instructions because of two reasons: first, because of balding
in the parasagittal region (extending out from and on either
side of the central top midline) in two of our male patients,
and second, because we would like to perform temporal
HMI measurements in the future to compare the HMI of
an isolated area on one side of the scalp with the HMI of a
cooled area on the other side of the scalp in chemotherapy
patients undergoing scalp cooling. For this reason the mid-
line locating device could not be used. The circumference of
the measured area was marked with two small dots of
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shadow ink diagonally from each other injected with a
sterile shadow needle (5RS) into the dermis, to return to
the exact same area for follow-up measurements.

Follow-up HMI measurements were performed during
every visit to the hospital—either for chemotherapy or an
appointment with their doctor—and when patients reported
wanting to shave their hair because of hair loss. For every
measurement, patients were asked to report severity of hair
loss compared to the situation before chemotherapy, using
the VAS ranging from 0 (no hair loss) to 10 (most severe
hair loss possible); a four-point scale for alopecia of the
WHO with grade 0 for no hair loss, grade 1 for mild
alopecia, grade 2 for severe hair loss, and grade 3 for total
hair loss [2]; and usage of head cover or wig. Follow-up
ended when chemotherapy ended or when hair was shaved.

Need to mark the measurement area

Eight randomly chosen volunteers—who had never received
any type of chemotherapy—and eight chemotherapy patients
at random times in their course were included in the “Need of
marking study.” The only exclusion criterion was hair less
than 2.5 cm in length. Our goal was to investigate the need to
mark the scalp skin of the area measured with the trichometer
to return to the exact same area for follow-up measurements.
This was evaluated by performing a central HMI measure-
ment (HMI-C) and four surrounding HMI measurements
(HMI-S) (Fig. 1) on a random area of the scalp of every
subject. The difference between the HMI value of the central
area (HMI-C) and HMI value of each of the surrounding areas
(HMI-S4) was calculated for every individual in both groups,
and the results of our patient group were subsequently com-
pared to the results of our volunteer group. Measurements
were performed sequentially on a random day.

This study was approved by the local ethics committee
and has therefore been performed in accordance with the
ethical standards laid down in the 1964 Declaration of

Helsinki. All participants of the study gave their written
informed consent prior to inclusion.

Statistical analysis

A Bland–Altman plot was made to evaluate distribution of the
difference in HMI-S4 compared to the HMI-C in all subjects.
A Mann–Whitney U test was used to compare the differences
between HMI-S4 and the HMI-C in our volunteer group to the
differences between HMI-S4 and the HMI-C in our patient
group. A p value ≤0.05 was considered significant. Statistical
analyses were performed using SPSS version 17.0.

Results

HMI obtained by cross-section trichometry compared
to three subjective parameters

Our patients (n=10) were equally distributed by gender,
were treated with different types of chemotherapy in con-
nection with different types of cancer, and had a mean age of
56.1 (SD=13.89) (Table 1). Mean baseline HMI was 56
(SD=25.28). All patients (n=10) had not been exposed
to previous chemotherapy.

Nine out of 10 patients showed a decline in HMI during
follow-up (Fig. 2a). Patient 1 was treated with epirubicin,
cisplatin, and capecitabine every 3 weeks for metastatic
gastric cancer. HMI decreased from 64 to 40 (−38 %)
(Figs. 2a and 3) after five courses. Reported VAS and
WHO had not changed from 0 (Figs. 2b, c and 3). Patient
2 with cervical cancer received cisplatin weekly combined
with radiotherapy. Follow-up HMI measurements were per-
formed every 2 weeks and showed a 13 % decline (72 to 63)
in HMI after four courses. Reported VAS and WHO had not
changed from 0. Follow-up ended early, because the sixth
course was cancelled. Patient 3 was treated with docetaxel
every 3 weeks for prostate cancer. After two courses, HMI
showed a 59 % decline (32 to 13) and maximal reported
VAS and WHO were 10 and 2, respectively. Reported VAS
and WHO declined during the rest of the follow-up: from 10
to 4 to 2 to 0 and from 2 to 1 to 1 to 0, respectively. HMI of
patient 4 decreased from 81 to 40 (−51 %) after two courses
of docetaxel, doxorubicin, and cyclophosphamide in the
treatment of breast cancer. Reported VAS and WHO were
10 and 2 at that moment, and she shaved her hair to wear a
wig (Fig. 2a–c). HMI of patient 5 showed a 46 % decline
(52 to 28) 17 days after the first doxorubicin and cyclophos-
phamide course in the treatment of breast cancer. Reported
VAS and WHO had changed to 10 and 2, and she decided to
shave her hair to wear a wig. Patient 6 had a very slight
increase in HMI (11 to 15) after having received the first
course of gemcitabine and cisplatin in the treatment of small

Fig. 1 A schematic view of the premeasured areas (2 cm×2 cm)
encircled by dotted lines, including one central area, and four surround-
ing areas used for HMI measurements in our volunteer and patient
group in the “Need of marking study”
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lung cell cancer, after which it stabilized. The highest
reported VAS score and WHO grade were 4 and 1, respec-
tively. HMI of patient 7 decreased from 68 to 13 (–81 %)
21 days after the first paclitaxel and carboplatin course in
the treatment of ovarian cancer. At that moment, the
reported VAS and WHO had reached the highest score and
grade, 8 and 2, respectively, and she decided to shave her
hair to wear a wig. HMI of patient 8 showed a 45 % decline
(62 to 34) when she received a second course of fluoroura-
cil, epirubicin, and cyclophosphamide in the treatment of
breast cancer. The highest reported VAS and WHO were
reached (8 and 2, respectively), and she shaved her hair to
wear a wig. Patient 9 showed a 31 % decline (28 to 11) in
HMI 21 days after the first course of rituximab, cyclophos-
phamide, doxorubicin, vincristine, and prednisolone in the
treatment of non-Hodgkin lymphoma. Reported VAS and
WHO had changed to 6 and 2, respectively, and he started
wearing a cap. HMI of patient 10 decreased from 91 to 16
(−82 %) after two courses of cyclophosphamide, doxorubi-
cin, vincristine, and prednisolone in the treatment of non-
Hodgkin lymphoma. Reported VAS and WHO had changed
to 7 and 2, respectively.

Need to mark the measurement area

Median age was 25 years [min/max 23/61] of our volunteer
group and 64 years [min/max 51/73] of our patient group.
The median number of chemotherapy courses the patients
had received was 3 [min/max 2/5]. They were treated with
different types of chemotherapy for different types of can-
cer. Median HMI of all five cross-sectional areas in our
volunteer group was 75 [min/max 43/87] and 34 [min/max
19/58] in our patient group. The Bland–Altman plot (Fig. 4)
demonstrates that the difference in HMI-S4 compared to
HMI-C in all subjects is homogeneously distributed be-
tween −11 and +10, independent of the size of the mean

HMI. The differences between HMI-S4 and the HMI-C in
our patient group was comparable to that of our volunteer
group (p=0.465).

Discussion

In general, synchronous to the observed increase in the
reported VAS score and WHO grade, there was a decrease
in HMI value in patients undergoing different types of
chemotherapy. All five patients who reported the need to
wear a wig or head cover showed a substantial decrease
between 45 and 81 % in HMI. These results conclude that
HMI is an objective parameter that seems to be at least as
useful in assessing hair quantity in chemotherapy-induced
alopecia as the three currently used subjective parameters.

However, we observed discrepancies in our results.
Patients 1 and 2 showed a decrease in HMI of 38 and
13 %, respectively, during follow-up but did not experience
any hair loss according to the subjective parameters for
severity of hair loss. HMI of patient 1 showed such a
gradual and steady decline; it advocates a reliable decrease
in hair quantity. Also, one would expect hair loss in patients
treated with ECX [13]. We, most likely, could not observe
the same gradual decline in patient 2, because follow-up
ended too early. Theoretically speaking, a decline in HMI
(number of hairs × their diameter) can be caused by break-
age and/or thinning of hair. When caused by thinning of
hair, a patient would not report hair loss. However, local
thinning of hair following chemotherapy can only be mea-
sured by trichometry when the affected piece of hair has
grown 2.5 cm above the scalp skin. Considering scalp hair
grows approximately 0.35 mm a day, it would take 71 days
to reach such a length [14]. Because the gradual decline in
HMI of patient 1 started long before 71 days, hair thinning
cannot be the cause of discrepancy between HMI and

Table 1 Baseline characteristics in the patient group comparison study: HMI versus subjective parameters

Patient Gender Age (years) Type of cancer Type, dosage (mg/m2) chemotherapy

1 ♂ 47 Metastatic gastric carcinoma Epirubicin 50 and cisplatin 60 every 3 weeks, capecitabine 1,250 daily

2 ♀ 42 Cervical carcinoma Cisplatin 40 weekly

3 ♂ 74 Prostate carcinoma Docetaxel 75 every 3 weeks

4 ♀ 40 Breast carcinoma Doxorubicin 50, cyclophosphamide 500, docetaxel 75: every 3 weeks

5 ♀ 50 Breast carcinoma Doxorubicin 60, cyclophosphamide 600: every 3 weeks

6 ♂ 78 Small lung cell carcinoma Cisplatin 80, gemcitabine 1,250 days 1 and 8, every 3 weeks

7 ♀ 39 Ovarian carcinoma Paclitaxel 175, carboplatin 700 every 3 weeks

8 ♀ 57 Breast carcinoma Fluorouracil 500, epirubicin 100, cyclophosphamide 500 every 3 weeks

9 ♂ 59 Non-Hodgkin lymphoma Rituximab 375, cyclophosphamide 750, doxorubicin 50, vincristine 1.4:
every 3 weeks; prednisolone 100 mgdays 1–5 every cycle

10 ♂ 65 Non-Hodgkin lymphoma Cyclophosphamide 750, doxorubicin 50, vincristine 1.4: every 3 weeks;
prednisolone 100 mgdays 1–5 every cycle
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reported hair loss. Given that both patients have a relatively
high baseline HMI compared to mean baseline HMI of all
patients, respectively, 64 and 72 compared to a mean of 56
and show a relatively low decline in HMI compared to mean
change in HMI of all patients, respectively, 38 and 13 %

compared to 50 %, it is far more likely they were not able to
observe the lost amount of hair mass on their scalp [15].
These two patient examples show the surplus value of
trichometry when baseline hair mass is high and small
changes in hair mass occur.

Fig. 2 a Hair mass index, b
reported VAS score, and c
reported WHO grade in
time per patient receiving
chemotherapy. The lightning
bolt in each of the graphics
represents the moment in time
the patient started wearing a
wig or head cover
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Every other patient who showed a progressive decrease
in HMI during follow-up either noted an increase in hair on
the pillow, on a sweater, and in the shower drain, or reported
being able to pluck big bits of hair out of their scalp. From
this information, we deduced that change in VAS score or
WHO grade is often based on the amount of hair people
notice being loose from their scalp, instead of being based
on lost amount of hair mass on the scalp itself. When an

objective parameter like the hair mass index is used, this
would not be the case.

After the second chemotherapy course, HMI of patient 3
showed a greater decrease (46 % decline in HMI compared
to a 25 % decline in HMI after the first course), while a
lower VAS score and WHO grade was reported. It is possi-
ble that he had become accustomed to the amount of hair
loss or he actually experienced less hair loss than before.

Fig. 3 Overview of the
maximal decline in HMI in
terms of percentage, maximal
reported VAS score, and
maximal reported WHO grade
during follow-up for each
patient plotted from the lowest
(left) to the highest (right)
baseline HMI

Fig. 4 Bland–Altman plot: X-
axis represents the mean of the
HMI values obtained from the
five measurement areas in all
participants. Y-axis represents
the calculated difference in
HMI between each of the
adjacent areas and the central
area. Each patient has four
circles plotted in blue, and each
volunteer has four circles
plotted in green. A circle
represents the difference
between one of the adjacent
areas, HMI value and the
central area HMI value plotted
per mean HMI value of all five
measurement areas in one
subject (patient or volunteer).
Some circles overlap and create
a bold circle. Lines represent
95 % CI of difference
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After the third course, his HMI stabilized, though he still
experienced unexplainable hair loss.

HMI of patient 6 showed a very slight increase after the
first chemotherapy course, whereupon it stabilized. It is
likely that the first measurement was a measurement error,
because some hairs of the area were just under 2.5 cm and
could not be part of the collected bundle. During his last
course, he reported a VAS score of 4 and a WHO grade 1,
while his HMI had not changed. Considering alopecia is not
common in patients treated with cisplatin and gemcitabine
[16], we question if this reported hair loss is reliable.

Mean baseline HMI of our 10 patients was 56. This
finding is comparable to the mean HMI of 63 found in
volunteers by Cohen [12].

This study is to our knowledge the first publication
measuring hair quantity in CIA with an objective method,
the cross-section trichometer, and comparing this method
with three subjective methods. Cohen has shown this device
to be suitable for measuring hair quantity in patients with
various degrees of thinning or shedding and showed that it
was equal to hair weight measurement in terms of its preci-
sion and accuracy [12]. Hendriks et al. [15] have found a
good inter- and intra-observer reproducibility of the cross-
section trichometer when the non-tattoo locating strip of the
system is used.

Our results in the “Need of marking study” showed the
differences between the HMI-C and HMI-S4 in both groups
to be homogeneously distributed (between −11 and +10 in
HMI value) and comparable (p=0.465). Although a +10 or
−11 difference in HMI value between a central and sur-
rounding area seems to be quite high—especially in a sub-
ject with a low baseline HMI—this difference can only be
found when a subsequent measurement is performed 2 cm
around the first measurement area. It is unlikely that such a
locating error is made when the accessory mid-line locating
strip is used as recommended by the HairCheck manufac-
turer, and therefore, very likely a smaller difference is found
when part of the follow-up measurement area overlaps with
the control area. Hendriks et al. [15] report that multiple hair
measurements of a non-tattooed site can be performed with
a high precision and reproducibility when using the mid-line
locating device. This would conclude that marking the scalp
skin of the area measured with the trichometer for follow-up
measurements would not be necessary. Furthermore, when a
difference in HMI during follow-up measurements is found
based on a locating error, we do not think this is clinically
relevant when severe hair loss and associated substantial
reduction in HMI is expected in patients receiving aggres-
sive chemotherapeutic agents. However, in research in
which the effectiveness of methods to prevent CIA (like
scalp cooling), or patient response to hair growth drugs
and devices is being evaluated, minor differences in hair
loss are expected, and marking the measurement area will be

necessary when the mid-line locating device is not/cannot
be used. It would be impossible to differentiate a decrease or
increase in HMI based on a locating error from a decrease or
increase in HMI based on CIA or the prevention of it with
scalp cooling.

The HairCheck device is a noninvasive, patient-friendly,
easy to perform, and objective method to measure hair
quantity in clinical practice. Given the high degree of pre-
cision and reproducibility in measuring hair quantity, its use
is recommended in research where minor differences in hair
quantity need to be detected, for example, when the influ-
ence of different factors on the incidence and severity of
CIA needs to be evaluated or when the effectiveness of
methods to prevent CIA (like scalp cooling) needs to be
researched. Because reliability of follow-up measurements
in this type of research could be compromised by a locating
error, marking of the measurement area with a long lasting
mark, e.g., with shadow ink, will be necessary. A disadvan-
tage of the HairCheck system is that a new cartridge is
needed for every measurement and the hair must be at least
2.5 cm in length. The sample size of this pilot study was
small and heterogeneous; therefore, more studies with more
patients are needed to confirm our results.

In conclusion, hair mass index, measured with cross-
section trichometry, is the first objective parameter that seems
to be at least as useful in the evaluation of chemotherapy-
induced alopecia severity as the three subjective methods,
namely, VAS score, WHO grade, and patients’ need to wear
a wig or other head cover. The use of HMI is recommended
when information about hair quantity is preferred. Marking
the cross-sectional area measured with the trichometer to
return to the exact same area for follow-up measurements is
only necessary when minor changes in hair quantity are
expected and when the included mid-line locating device is
not/cannot be used.
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