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ABSTRACT

Background: The need for an objective method for measuring skin hydration levels is becoming 
increasingly important. Various devices with different measuring principles for assessing skin 
hydration have been developed and are widely used.
Objective: This study aimed to investigate the reproducibility and correlation between clinical 
evaluation and skin hydration measurement devices that are the most widely used in the field.
Methods: A prospective comparative clinical trial was conducted on 184 healthy volunteers. Skin 
hydration levels were measured using the Corneometer (CM820) and hydration probe (HP: Der-
maLab Combo) at 3 points: the ventral forearm, the dorsal forearm, and the shin. We used the 
intraclass correlation coefficient (ICC) to evaluate the reproducibility and Pearson’s correlation 
coefficient (PCC) to evaluate the correlation of each measurement. Simple linear regression was 
used to analyze the Corneometer and HP skin hydration value changes according to changes in 
xerosis severity scale (XSS) values, which were evaluated by clinicians.
Results: Both the Corneometer and HP showed significant, excellent reproducibility (ICC for 
Corneometer: 0.954–0.971, ICC for HP: 0.980–0.986) and significant high positive correlations 
(PCC: 0.708–0.737) regardless of the measurement site. Both devices showed negative regression 
coefficients in all measurement sites in XSS analysis, but this was not statistically significant.
Conclusion: The Corneometer and HP were both accurate and objective skin hydration mea-
suring devices, regardless of the measurement site. Using reliable and objective devices such 
as the Corneometer or HP can aid in understanding an individual’s skin condition and making 
more informed decisions for skin care.

Trial Registration: Clinical Research Information Service Identifier: KCT0005146
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INTRODUCTION

The skin can be considered as the interface between the human 
body and the environment. The most important role of the skin is 
to act as a physical, biochemical, and immunological barrier. The 

outermost layer of the skin, the stratum corneum (SC), which has a 
brick-and-mortar structure, is essential for healthy skin. The water 
content of the SC is necessary for proper SC maturation and skin 
desquamation1. An increase in transepidermal water loss can result 
in dry and flaky skin, which prevents the skin from executing its 
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full range of functions, and may also contribute to skin aging1,2.
Measuring skin hydration, as one of the indicators of skin con-

dition, has been of interest for a considerable amount of time. 
Traditionally, physicians have utilized a visual examination-based 
scale, such as the xerosis severity scale (XSS)3. However, these 
scales are subjective and may not provide an accurate measure-
ment of skin hydration levels. In recent years, various electrical 
devices have been developed that allow for more objective mea-
surements of skin hydration. These include the Corneometer 
(Courage+Khazaka, Cologne, Germany), which measures skin 
capacitance, and the DermaLab Combo hydration probe (HP; 
Cortex Technology, Hadsund, Denmark), which uses the skin con-
ductance for the evaluation4-6. This type of technology is relatively 
simple to use and yields quick and precise results.

While the Corneometer and HP are both known to be highly 
reproducible and reliable measurement methods, there are advan-
tages and disadvantages associated with the properties of each 
device. Because the HP measures hydration using the conduc-
tance principle, any applied cosmetics may affect the current that 
directly passes through the skin4,5,7. In contrast, in the case of the 
Corneometer, the sensor and the skin are separated by glass. Thus, 
measurements are less affected by applied substances8,9. In addi-
tion, the Corneometer is known to be particularly sensitive to dry 
skin6,10. Thus, it is useful to compare these 2 widely used devices 
to address these disparities.

This research was designed to investigate the reproducibility 
and correlation of the Corneometer and HP, which use different 
principles, and compare the values with XSS scores, as observed 
by clinicians. We examined the skin hydration level at 3 points: the 
ventral forearm, the dorsal forearm, and the shin, to determine if 
there were any changes in measurements based on location and 
to determine the optimal measurement site.

MATERIALS AND METHODS

This research was a prospective clinical trial that was approved by the 
Institutional Review Board of Samsung Medical Center, Sungkyunk-
wan University School of Medicine in Seoul, Korea (2020-04-028). 
This study was registered in the Clinical Research Information 
Service on June 18, 2020 (http://cris.nih.go.kr, KCT0005146) and 
conducted according to the tenets of the Declaration of Helsinki.

XSS
We used the XSS as a tool to measure the severity of xerosis. This 
score is based on the physical appearance of the skin, such as the 
presence of cracks, fissures, or erythema. The XSS by Rogers et 
al.3 typically assigns a numerical score to the extent of dryness and 
scaling: normal (0), mild (1–2), moderate (3–4), and severe (5–6).

Devices
1) Corneometer CM820
The 7×7 mm sensor probe has a resonating system that consists of 
an interdigital grid of gold electrodes coated with a low-dielectric 
vitrified material8. This probe sends a small electric current (0.9–1.2 
MHz) through the skin and detects the frequency change in the 
oscillating system related to the capacitance of the tissue11. The total 
capacitance is converted to arbitrary units (AUs) of skin hydration.

2) DermaLab Combo HP
This probe has a central circular electrode surrounded by 8 small 
pins to minimize moisture collection caused by occlusion of the 
skin area under the electrode4,12. The probe is equipped with a 
spring-loaded function that adjusts the applied pressure through-
out the measurement4. A single frequency equal to 300 kHz was 
emitted by the probe, and the software calculated the average 
result (μS).

Study population
The participants in this study were registered as healthy volunteers 
who visited the Department of Dermatology, Samsung Medical 
Center, Seoul, Korea. Participants who had a diagnosis of eczema 
or hyperhidrosis or a history of any diseases requiring treatment 
at the evaluated sites were excluded. All of the included patients 
signed written informed consent for their participation.

Procedure
The research was conducted between October 2019 and May 2022, 
regardless of season. All measurements were conducted in a room 
where the temperature (20°C–22°C) and humidity (45%–55%) 
were regulated. The participants were instructed to rest for 30 
minutes prior to the procedure. Two skilled specialists measured 
skin hydration using a Corneometer and HP to reduce the impact 
of operator factors, such as pressure.

Measurements were taken at 3 defined points: left ventral fore-
arm and dorsal forearm 10 cm above the wrist and midpoint of 
the left shin. These flat skin areas can be commonly used to mea-
sure skin hydration levels in clinical settings or researches related 
with skin hydration. The measured site was gently cleaned with a 
non-woven tissue prior to all measurements to ensure an accurate 
measurement using 2 devices. Each measurement was repeated 
3 times by the Corneometer and HP. A dermatologist evaluated 
the XSS prior to measuring the skin hydration level using one of 
the devices.

Statistical analysis
The data were analyzed by R 4.1.313. We used the intraclass correla-
tion coefficient (ICC) to evaluate the reliability of measurements 
by the Corneometer and HP. ICC values range from 0 and 1. Higher 
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ICC implies better reliability of the measurements. Measurements 
are not very reliable for ICC values between 0 and 0.5; moderately 
reliable for ICC values between 0.50 and 0.75; good for ICC val-
ues between 0.75 and 0.90, and excellent for ICC values greater 
than 0.914.

To evaluate the association between the correlation of Cor-
neometer and HP in each part of the measurement sites, we used 
Pearson’s correlation coefficient (PCC) with a scatterplot15. PCC 
values range from −1 to 1. If the PCC value is between 0 and 0.3 
(between −0.3 and 0), the association is negligible. For PCC values 
between 0.30 and 0.50 (−0.50 and −0.30), the positive (negative) 
association is low. For PCC values between 0.50 and 0.70 (−0.70 
and −0.50), the positive (negative) association is moderate. For 
PCC values between 0.70 and 0.90 (−0.90 and −0.70), the positive 
(negative) association is high, and for PCC values greater than 0.9 
(less than −0.9), the positive (negative) association is very high16.

To evaluate the association between the correlation between 
XSS and 2 devices, we use simple linear regression to analyze the 
skin hydration value changes in Corneometer and HP according 
to the changes in XSS values. The regression coefficients indicated 
decreases in the values measured by the Corneometer and HP as 
the XSS increased by one unit.

RESULTS

In total, we assessed 184 participants in this study (Table 1). Six-
ty-three participants (34.2%) were male, and 121 (65.8%) were 
female. The participants’ ages ranged from 7 to 88 years, with 
a mean age of 42.6 years. XSS was scored from 0 to 6 in 171 

participants (0 [40, 23.4%], 1 [63, 36.8%], 2 [47, 27.5%], 3 [18, 
10.5%], 4 [3, 1.8%], 5 [0], and 6 [0]). Of the participants, 183 were 
measured at the ventral forearm, 177 at the dorsal forearm, and 
168 at the shin. Missing data occurred when a measurement was 
refused or when the measurer made an error.

Skin hydration values measured by the Corneometer 
and HP
We calculated the average skin hydration values measured 3 times 
by each device at the ventral forearm, the dorsal forearm, and the 
shin. The skin hydration values of the ventral forearm measured by 
the Corneometer and HP ranged from 28.7 to 93.3 AU (mean 65.4, 
standard deviation [SD] 12.8) and from 26.7 to 374.7 μS (mean 
116.7, SD 48.9), respectively. The skin hydration values of the dor-
sal forearm measured by the Corneometer and HP ranged from 
25.7 to 95.0 AU (mean 65.9, SD 13.2) and from 23.7 to 391.7 μS 
(mean 111.2, SD 50.8), respectively. In the case of the shin, skin 
hydration values measured by the Corneometer and HP ranged 
from 14.7 to 97.3 AU (mean 60.4, SD 13.5) and from 10.0 to 194.7 
μS (mean 70.2, SD 32.4), respectively. Fig. 1A displays a boxplot 
of skin hydration values at each site where measurements were 
taken using each device.

Test-retest reliability
The ICC determined the test-retest reliability of the skin hydration 
measurements. This analysis evaluated each measurement at 3 
sites as well as either ventral or dorsal forearm measurements and 
the whole measurement, including the forearms and shin area. 
The Corneometer and HP showed excellent agreement, which 
ranged from 0.954 to 0.971 and from 0.980 to 0.986, respec-
tively (Table 2). The ICC calculation showed that the consistency 
between each measurement of the Corneometer and the HP was 
extremely high. The order of the ICC for the Corneometer was, 
in descending order from the nearest to 1: the ventral forearm, 
the entire arm (ICC=0.971), the dorsal forearm (ICC=0.970), the 
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Table 1. Demographics of the participants
Characteristics No. of patients
Total participants 184
Sex

Male 63
Female 121
Male:Female 1:1.9

Mean age (yr) 42.6 (range: 7–88)
XSS

Total 171
0 40
1 63
2 47
3 18
4 3
5 0
6 0

Measurement location
Ventral forearm 183
Dorsal forearm 177
Shin 168

XSS: xerosis severity scale.

Table 2. Test-retest reliability of the Corneometer and hydration probe
Measurement location Device ICC 95% confidence 

interval
Ventral forearm Corneometer 0.971 0.963–0.978

Hydration probe 0.983 0.979–0.987
Dorsal forearm Corneometer 0.970 0.962–0.977

Hydration probe 0.984 0.980–0.988
Shin Corneometer 0.954 0.941–0.965

Hydration probe 0.980 0.974–0.984
Entire arm Corneometer 0.971 0.965–0.975

Hydration probe 0.984 0.981–0.986
Entire body Corneometer 0.966 0.961–0.971

Hydration probe 0.986 0.984–0.988
Entire arm means ventral and dorsal forearm, and entire body means all 3 
sites measured.
ICC: intraclass correlation coefficient.



entire body (ICC=0.966) and the shin (ICC=0.954). The order of 
ICC for the HP was quite similar: the entire body (ICC=0.986), the 
dorsal forearm (ICC=0.984), the ventral forearm, the entire arm 
(ICC=0.983), and the shin (ICC=0.980). The ICC of the shin was 
the lowest for both devices.

Correlation between Corneometer and HP
The PCC showed that there was a significant correlation between 
the Corneomter and the HP (Table 3). A high positive correlation 
was observed (PCC >0.7) at all measuring points. Fig. 1B and C 
show the scatter plot between the Corneometer and the HP for 
each measurement site.

To analyze the correlation between the Corneometer and 
the HP in visually normal skin and visually dry skin, we divided 
XSS scores into 2 groups: Group I (XSS=0) and Group II (XSS ≥1) 
(Table 3). The correlation coefficients of all subgroups showed a 
high positive correlation except for the ventral forearm in Group 
I (PCC=0.65, moderate positive). Group I correlation values were 

lower than those of Group II, with the exception of the shin. In 
addition, the 95% confidence intervals for PCC indicated that the 
interval for Group I was wider than the interval for Group II, with 
the exception of measurements at the shin area.

Correlation between 2 devices and XSS scores
We compared the average skin hydration values measured by each 
device for each XSS group (Supplementary Tables 1 and 2). Only 
in the XSS=4 group did the Corneometer and HP show notably 
low average hydration levels.

Both devices showed negative regression coefficients in the 
ventral and the dorsal forearm, the shin, the entire arm, and 
the entire body. However, they were not statistically significant 
(p-value >0.05) (Table 4).
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Fig. 1. Comparisons of the skin hydration values from the Corneometer and the hydration probe, and the relationship between the devices. (A) Boxplot of skin 
hydration values. (B) Scatter plots of correlations for forearm and shin. (C) Scatter plots of correlations for forearms and shin with entire arm and body.

Table 3. Correlation between the Corneometer and hydration probe with 
subgroup analysis of the XSS
Measurement 
location

PCC (95% confidence interval)
Overall Group I (XSS=0) Group II (XSS ≥1)

Ventral forearm 0.72 (0.64–0.78) 0.65 (0.42–0.80) 0.79 (0.64–0.80)
Dorsal forearm 0.74 (0.66–0.80) 0.74 (0.56–0.86) 0.75 (0.66–0.81)
Shin 0.75 (0.68–0.81) 0.79 (0.63–0.88) 0.74 (0.65–0.81)
Entire arm 0.74 (0.67–0.80) 0.71 (0.52–0.84) 0.75 (0.66–0.82)
Entire body 0.75 (0.67–0.81) 0.74 (0.55–0.85) 0.76 (0.67–0.82)
Entire arm means ventral and dorsal forearm, and entire body means all 3 
sites measured.
PCC: Pearson’s correlation coefficient, XSS: xerosis severity scale.

Table 4. Correlation of xerosis severity scale with the Corneometer and 
hydration probe by simple linear regression (entire arm means ventral and 
dorsal forearm, and entire body means all 3 sites measured)
Measurement location Device Regression 

coefficient
p-value

Ventral forearm Corneometer −0.355 0.727
Hydration_probe −3.874 0.338

Dorsal forearm Corneometer −1.028 0.335
Hydration probe −5.073 0.223

Shin Corneometer −1.672 0.125
Hydration probe −4.980 0.064

Entire arm Corneometer −0.692 0.488
Hydration probe −4.474 0.259

Entire body Corneometer −0.838 0.384
Hydration robe −3.519 0.300



DISCUSSION

Skin hydration is an important aspect of skin health. Dry skin 
not only causes various skin problems, such as itching, flaking, 
cracking, premature aging, and barrier dysfunction but can also be 
related to other chronic diseases, including atopic dermatitis17,18. 
Using a skin hydration measuring device is the starting point for 
evaluating and maintaining proper skin hydration.

This study was conducted to investigate the reproducibility of 
2 widely used skin hydration measurement devices, the Corneom-
eter (capacitance) and the HP (conductance), and to examine the 
correlation between the 2 devices. There is no standard for which 
area to measure when using the Corneometer or HP, so the mea-
suring site varied based on the clinician’s preference. Therefore, 
we also investigated whether there were differences in reproduc-
ibility and correlation depending on the measurement site.

The reproducibility of repeated measurements can strengthen 
the credibility of the application of these devices and indicate 
that these devices can be used for follow-up observations. The 
measurement of skin hydration using the Corneometer and HP 
showed excellent test-retest reliability, regardless of the measure-
ment site. Thus, from the aspect of reliability, both devices have 
no restriction on the measurement site, and this can be deter-
mined according to the medical situation or the preference of the 
patient or clinician.

The relationship between these 2 devices was demonstrated to 
be a statistically significant, high positive correlation, regardless 
of the measurement site. This shows that despite the differences 
in measurement principles (capacitance and conductance), the 
measurement values of the 2 devices were very similar, whether 
measured on the arm or leg.

Comparison of the correlation between the 2 devices by divid-
ing patients into subgroups according to XSS values (non-dry vs. 
dry skin: Group I: XSS=0, Group II: XSS ≥1) showed a moderate 
positive correlation in the ventral forearm in Group I, instead of 
the high positive correlation seen in other groups. Additionally, 
Group II (XSS ≥1) data show higher correlation values and a nar-
rower confidence interval. These could have been expected as the 
Corneometer is known to be more accurate on dry skin, whereas 
HP is known to be similar regardless of dryness4,6,10.

We also compared the correlation between XSS scores mea-
sured visually by a clinician and the 2 devices. Both devices showed 
negative regression coefficients, indicating that the skin hydra-
tion value decreased as the XSS score increased by one unit, but 
it was not statistically significant. Skin measurements reflect 
the condition of the measured spot, while XSS scores are deter-
mined based on the whole skin condition. Therefore, the objective 

measurement of skin hydration supported by XSS scores by a sub-
jective evaluation of the whole skin condition can be useful for 
better understanding and assessment, although XSS scores and 
skin measurements using the devices did not show statistically 
significant correlations in this study.

Several previous studies compared the accuracy of skin hydra-
tion measuring instruments (Table 5)8,10,12,19-21. In those studies, 
both the Corneometer and HP demonstrated high repeatability, 
as revealed in Fluhr et al.10 and Hua et al.21 These findings can 
strengthen the validity of this study. In addition, several devices uti-
lizing different measuring principles were compared for correlation 
in previous studies, and the results were all statistically significant. 
However, no sub-analysis according to the measurement sites was 
performed except for the study by Westermann et al.20

Although this study analyzed the skin measurement data based 
on normal and dry skin, the number of participants with normal 
skin determined by XSS scores of 0 was rather small (n=40) com-
pared to those with dry skin (XSS ≥1), which was a limitation of 
this study. Additional studies could be performed to compare the 
Corneometer and the HP by modifying the measurement condi-
tions. Not only could the measurement values be compared on dry 
skin but also on more water-rich skin, regardless of whether the 
skin is healthy or diseased. Measurement of skin hydration should 
follow European group on Efficacy Measurements of COsmetcis 
and other topical products (EEMCO) guideline22, which says that 
application of any topical products in the intended measuring area 
should be avoided 12 hours prior to participation measurement 
in the barrier study. The volunteers enrolled in this study were 
recruited from the outpatient clinic and therefore, we could not 
restrict prior application of moisturizer, which is another limita-
tion of this study. While it is true that not applying any cosmetics 
or products within 12 hours for hydration measurement could lead 
to more precise results for the study to evaluate the efficacy of top-
ical agents, especially moisturizers, this study was not designed to 
evaluate the efficacy of topical agents, but to compare the devices 
which are commonly used for the skin hydration. And we followed 
EEMCO guideline of temperature, hydration and acclimatiza-
tion period for the exact measurement. In addition, to minimize 
any possible effect or hindrance of remnant moisturizers volun-
teers previously used, the measured site was gently cleaned with 
non-woven tissue prior to all measurements.

In this study, we found that the Corneometer and the HP were 
reliable and reproducible regardless of the measurement site, 
consistent with previous studies. However, to make better assess-
ments, visual scales such as the XSS can play a role, supporting 
the objective assessment of skin hydration levels using devices.
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SUPPLEMENTARY MATERIALS

Supplementary Table 1
Average skin hydration values measured by the Corneometer for 
each xerosis severity scale group

Supplementary Table 2
Average skin hydration values measured by the hydration probe 
for each xerosis severity scale group
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Table 5. Representative research results of skin hydration measurement devices
Study Measurement location Device Principle Correlation coefficient
Fluhr et al. (1999)10 Ventral forearm Corneometer CM820 Capacitance CM820/CM825 SCC: 0.8901

Dorsal forearm Corneometer CM825 Capacitance CM820/Skicon 200 SCC: 0.8996
Dorsal hand Skicon 200 Conductance CM820/Nova DPM SCC: 0.8165

Front Nova DPM Impedance CM820/DermaLab SCC: 0.8760
Cheek DermaLab Conductance CM825/Skicon 200 SCC: 0.8927

Back (C4) CM825/Nova DPM SCC: 0.7928
Leg CM825/DermaLab SCC: 0.8964

Skicon 200/Nova DPM SCC: 0.8719
Skicon 200/DermaLab SCC: 0.9358
Nova DPM/DermaLab SCC: 0.8876

Alanen et al. (2004)19 Ventral forearm Corneometer CM820 Capacitance CM820/SC-2 SCC: 0.75 (Ventral forearm)
MoistureMeter SC-2 Capacitance

Clarys et al. (2012)8 Sole of foot Corneometer CM825 Capacitance CM825/Skicon 200 PCC: 0.97
Calf Skicon 200 Conductance
Knee

Upper leg
Palm

Dorsal hand
Ventral forearm
Dorsal forearm

Upper arm
Forehead

Cheek
Abdomen

Hua et al. (2017)21 Face Corneometer CM825 Capacitance CM825/HP PCC: 0.808
Forearm HP Conductance

Westermann et al. (2020)20 Forearm Corneometer CM825 Capacitance CM825/SkinUP PCC: 0.804 (Forearm)
Forehead SkinUp Impedance CM825/SkinUP PCC: 0.730 (Forehead)
Cheeks CM825/SkinUP PCC: 0.696 (Cheeks)

Choi et al. (2021)12 Ventral forearm HP Conductance HP/Biodisplay PCC: 0.601 (Ventral forearm)
Biodisplay Capacitance

Present study Ventral forearm Corneometer CM820 Capacitance CM820/HP PCC: 0.72 (Ventral forearm)
Dorsal forearm HP Conductance CM820/HP PCC: 0.74 (Dorsal forearm)

Shin CM820/HP PCC: 0.75 (Shin)
CM820/HP PCC: 0.74 (Entire arm)
CM820/HP PCC: 0.75 (Entire body)

SCC: Spearman’s correlation coefficient, HP: hydration probe, PCC: Pearson’s correlation coefficient.
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