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Real-Time In Vivo Human Skin Testing
Using a Handheld Fourier Transform
Infrared Spectrometer with a
Three-Bounce Two-Pass Attenuated
Total Reflection Interface

Samuel F. Williams1 , John Chittock1 , Kirsty Brown1, Linda J. Kay1, Michael J. Cork1,2,3,

and Simon G. Danby1

Abstract

Attenuated total reflection (ATR) Fourier transform infrared spectroscopy (FT-IR) is used to characterize a vast array of
materials at the molecular level in various industry types. Here we compare the performance of a portable spectrometer

with a novel three-bounce–two-pass (3B2P) ATR scanning interface to the same device with a standard one-bounce (1B)

ATR, and to a benchtop spectrometer with a 10-bounce (10B) ATR, in ideal sample–interface conditions and an applied der-
matological study setting. In both application settings, the benchtop 10B ATR interface showed the highest signal-to-noise

ratio (SNR), however, the novel 3B2P produced a six-fold increase in the sensitivity of the portable spectrometer when ana-

lyzing isopropanol and showed the greatest consistency of SNR of all devices when analyzing isopropanol and in vivo skin
samples. Spectral data were sourced from a recently undertaken dermatological study involving a cohort of 180 healthy,

full-term babies, using both 1B and 3B2P interfaces. Use of the 3B2P interface resulted in a 55% greater successful high-quality

spectrum collection rate, compared to the 1B, and showed significantly superior SNR at both observed study time points, i.e.,
birth (1B: 68.37; 3B2P: 77.37), and at four weeks (1B: 74.53; 3B2P: 80.22). The utility of ATR FT-IR spectrometers as a der-

matological clinical tool was also exemplified here, by quantifying the moisture level of newborn skin. By gathering rich spec-

troscopic data on themolecular structure of the skin, this technique holds great promise for the quantification of skin disease-
specific biomarkers.
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Introduction

Fourier transform infrared spectroscopy (FT-IR) has been used
historically in the chemical characterization of a diverse array of

samples and has increasingly been used in the assessment of the

skin since the 1990s.1,2 Attenuated total reflection (ATR) FT-IR
is suited to dermatological research because researchers can

ascertain the molecular structure of the stratum corneum (SC)

in situ, without the use of pre-treatments such as dyes or tissue
preservatives.3–5 Technological advancements continue to

improve spectrometers, with new devices being able to scan at

an increased spatial resolution, resulting in modern spectrome-
ters with the capability to analyze micrometer-sized samples

such as single cells in tissues and human skin in vivo.6,7The optical

setup of spectrometers affects the resultant spectrum collected,
impacting overall performance. For example, mercury–

cadmium–telluride (MCT) detectors are typically associated
with greater sensitivity and faster scanning rates, in comparison

to roomtemperature deuterated triglycine sulfate (DTGS)detec-

tors, but require extensive cooling to prevent noisy signals.8 The
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exact manner of IR–sample interaction also greatly impacts the
spectra collected, as alterations in the angle of incidence and num-

ber of IR–sample bounces capable in ATR interfaces impact the

depth of scanning and device sensitivity.9

Attenuated total reflection (ATR) FT-IR has capabilities in

the rapid identification of biomarkers linked to the pathogen-

esis of skin conditions such as atopic dermatitis (AD)10 and could
aid clinicians with diagnosis. Skin conditions are typically diag-

nosed throughvisual assessmentmethodswhich canbeunreliable

asmany conditions exhibit similar pathologies, exemplifiedbyone
studyof 769 clinic patients showing a 48.2%rateofmisdiagnosis.11

Onekey symptomofdry-skin conditions suchasADandpsoriasis

is dehydrated,flaky skin.Newborns areprone todehydration, and
an increased susceptibility to conditions such as AD,12 which is

highly prevalent in infants, affecting ∼1-in-3 children in the

UK.13Dermatitis symptoms are commonly combatted with top-
ical emollient creams and although some studies have found no

link to treatment of infants with emollients and subsequent

eczema onset in general populations,14,15 there is evidence that
in children at high risk of eczema, through family history of the

condition, early treatment can delay eczema onset and reduce
overall severity of symptoms.16,17

In this study, we compare the performance of a novel

three-bounce–two-pass (3B2P) ATR scanning interface to a
standard one-bounce (1B) ATR accessory, fitted to a portable

handheld spectrometer using either a cooled MCT or room

temperature DTGS detector (Figure 1). Spectra were also
compared to those collected on a research-grade benchtop

FT-IR spectrometer with 10-bounce (10B) out-of-compartment

horizontal ATR.
The devices were tested through spectral collection in ideal

conditions, with theoretically perfect sample–crystal contact,

and then applied to dermatological studies of the skin in vivo.
Each device was assessed through peak area, signal-to-noise

ratio (SNR), and the rate of successful spectrum collection

when applied to the clinical study setting to investigate the util-
ity of applying ATR FT-IR as a portable clinical tool for condition

diagnosis and treatment. With improved diagnostics, we can

identify biomarkers of disease earlier and improve the long-
term health outcomes of patients.

Figure 1. Devices compared during this study. (a) The portable spectrometer was fitted with either an MCTor DTGS detector and a (b)
1B or (d) 3B2P ATR interface. (f) The benchtop spectrometer was fitted with an MCT detector and a 10B ATR interface. Diagrams depict
sample–IR interaction caused by ATR design in (c) 1B, (e) 3B2P, and (h) 10B ATR interfaces.
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Experimental

Materials and Methods

Infrared (IR) Spectroscopy. All spectrometers were used with
the same set-up to ensure observed performance differences

were due to interface and detector used. Mid-IR spectra

were collected using a benchtop or handheld spectrometer
fitted with an ATR interface. With all instruments, an average

of 32 scans were collected for each measurement, with 32

background scans also collected prior to each mid-IR spec-
trum collected to minimize the impact of any atmospheric

changes, at a resolution of 4 cm–1. Between measurements,

the sampling crystal was cleaned with a 70% alcohol wipe.
Background spectra were visually checked to ensure no

sample remained on the crystal before a new spectrum

was collected. Measurements were collected in the Skin
Barrier Research Facility, in a temperature-controlled

area maintained at 19–24°C and 30–60% relative humidity,

except where sourced from the previously undertaken
STAR clinical study.

Benchtop ATR FT-IR. The benchtop spectrometer used was
the Thermo Scientific Nicolet iS50 fitted with a 10B zinc–

selenide (ZnSe) ATR scanning accessory (Pike Technologies)

and an MCT detector that was cooled with liquid nitrogen
prior to sampling (Thermo Fisher Scientific). Nitrogen gas

was used to purge the device and pumped into the spectrom-

eter body at 25 psi for the duration of scanning to remove
interference from local atmospheric gases (BOC Group Ltd).

Portable ATR FT-IR. The handheld spectrometer used was the
Agilent 4300 fitted with either an MCT or DTGS detector,

scanning with the 3B2P or 1B Diamond ATR crystal interface

(Agilent Technologies).

Analysis of Mid-IR Spectra. Pre-processing of all spectra was

done using Spectragryph (v.1.2.15, 2020, http://www.effemm2.
de/spectragryph/) and quantification of peak intensities and loca-

tions was performed using Omnic 9.0 software (Thermo

Electro Corp.).

ATR FT-IR Analysis of Isopropanol. Three replicate mid-IR spec-

tra of isopropanol were collected at 10 min intervals over a 2
h test duration (Product code: 59300; Sigma-Aldrich).

ATR FT-IR Measurements of Human Adult Skin. Three replicate
mid-IR spectra of in vivo human skin were collected at 10

min intervals over a 2 h test duration. Measurements from

all devices were collected from the same skin site in one indi-
vidual, located on the volar forearm, centered vertically.

Topical solutions were not applied to skin test sites for at

least 24 h prior to data collection.

Clinical Study Application: STAR

Spectral data were sourced from the STAR study, conducted

previously.18 The STAR study design was as follows: an obser-

vational study was undertaken of the skin of babies, wherein
each participant underwent three skin-assessment sessions,

over a 12-month period. During the assessment skin sites

on the arms and legs were characterized to compare the
structure of the skin in participants who went on to develop

eczema to those who did not.

The study, entitled “A Longitudinal (12 Months) Investigation
of Skin Barrier Development from Birth and the Validation of

Early Predictors of Atopic Eczema Risk”, was conducted at

the Jessop Wing Maternity Unit (Sheffield Teaching Hospitals
NHS Foundation Trust) from April 2017 until December

2019. The National Research Ethics Service Committee East

Midlands–Derby, approved the study under reference: 16/
NW/0848. All subjects’ parents provided informed consent to

participate, and the study was performed in accordance with

the Helsinki Declaration of 1964, and later amendments.
A cohort of 180 healthy, full-term babies was recruited.

Recruitment was open to mothers at least 18 years old,

who were carrying singleton pregnancies, scheduled to give
birth in the Jessop Wing maternity unit, and who lived a max-

imum of five miles from the University of Sheffield. The

recruited babies were required to have been carried to full-
term (≥37 weeks gestation) and able to have their first skin

assessment within 72 h of birth. The participants’ parents

were required to give informed consent before they could
be enrolled in the study, after which basic demographic data

were obtained such as date of birth, skin type, and ethnicity.

Participants’ parents received remuneration for their partici-
pation in the study. Spectral data sourced from the STAR

study were collected either in the Jessop Wing Maternity

Unit (Sheffield Teaching Hospitals NHS Foundation Trust)
(within 72 h of birth) or in the participants’ home (4 weeks

after birth).

Statistical Analysis

All data were analyzed using Prism 9 (GraphPad Software).

Comparisons between severity groups were made using ordi-
nary analysis of variance function. The significance threshold

was p< 0.05. Results are presented as mean± standard devi-

ation (SD) unless otherwise indicated.

Results and Discussion

Five ATR FT-IR configurations were compared based on their

sensitivity, consistency, and overall performance. Sensitivity
was characterized as absorbance, at designated frequency

regions, quantified as peak area. Coefficient of variance (CV)

provided a measure of consistency, with low inter-spectral var-
iance indicating high device precision. The SNR19 factors in sig-

nal interference and thus provides quantification of overall

spectral quality or spectrometer performance.

Williams et al. 3



Investigating Device Performance in Ideal Sample–

Interface Conditions

To establish the performance of the 3B2P ATR interface

under conditions of ideal sample-to-crystal contact the

mid-IR spectrum of isopropanol was analyzed using a range

of spectrometers and sampling interfaces: (i) The portable

spectrometer with MCT detector and 1B interface; (ii)

MCT detector and 3B2P interface; (iii) DTGS detector and

1B interface; (iv) DTGS detector and 3B2P interface; and

(v) a benchtop spectrometer with MCT detector and 10B

interface (Figure 1).

When assessing ATR FT-IR performance on a liquid sam-

ple, the configuration with the 10B and 3B2P interfaces

(MCT or DTGS) shows higher sensitivity across the full

spectrum than the 1B devices (Figure 2a), as indicated by
the higher signal intensity.

Visual assessment of the spectra was verified by quantifi-

cation of a selected peak’s height, where the 10B and 3B2P
(MCT and DTGS) showed substantially higher (6.2× and

4.7×) absorbance at 2900 cm–1 (mean peak height absor-

bance of 0.83± 0.054, 0.88± 0.069, and 0.77± 0.047 absor-
bance, respectively) compared to the 1B configurations

(0.15± 0.044 and 0.20± 0.034 absorbance) for the MCT

and DTGS detectors, respectively (Figure 2b).
This equates to approximately six-fold more signal with the

3B2P compared to the 1B interface when using the spectrometer

with the MCT detector, consistent with the increase in bounces
across the sample surface. These findings are in agreement with

Mossoba et al.9 who quantified a five-fold increase in sensitivity

Figure 2. (a) Mid-IR average spectrum and quantified spectral regions of isopropanol; (b) CH3 stretching peak height at 2900 cm
–1, (c) RMS

noise at 3700–3900 cm–1, and (d) SNR defined as CH3 stretching peak height divided by RMS noise within 3700–3900 cm–1 region, collected
using a benchtop spectrometer fitted with a 10B ATR interface or portable spectrometer (MCTor DTGS detector) fitted with a 1B or novel
3B2P ATR interface. Callout highlights selected regions for RMS noise calculation. Box-and-whisker plots depict the lower quartile, median,
and upper quartile values present in each group, with outliers indicated by Tukey’s post-test. +Indicates the mean value. Asterisks indicate
the results of statistical testing (ns= not significant, *p< 0.05, **p< 0.01, ***p< 0.001, ****p< 0.0001). Average spectrum formed of 39
individual spectra collected in triplicate, every 10 min over a period of 2 h. Each individual spectrum collected is formed of an average of 32
scans. Each device was set to perform 32 background scans prior to sample scanning, with a resolution of 4 cm–1.

4 Applied Spectroscopy 0(0)



when comparing the performance of a nine-bounce diamondATR
interface on a portable device compared to a benchtop 1B ATR

spectrometer, in an in vitro study of trans fats. The CVwas similar

for the 10B and 3B2P interfaces irrespective of the detector used
in both spectral regions assessed (6–8%) but significantly higher

where the 1B interface was used (DTGS: 16.97%; MCT:

29.95%), indicating lower precision in measurement collection.
The SNR (Figure 2d) was calculated through the division of

a selected peak’s height by the root mean square (RMS) noise

in the wavenumber region 3700–3900 cm–1 (Figure 2c),
where no chemical species are absorbed in the sample.

However, given that water vapor absorbs within the 3700–

3900 cm–1 region and can impact the spectrum, new back-
ground spectra were collected prior to each measurement

to minimize any impact of changing atmospheric conditions.

The SNR of the 10B was superior to all portable 3B2P and
1B devices (10B: 1659± 529.2; DTGS 1B: 38.82± 36.98;

DTGS 3B2P: 354.7± 46.92; MCT 1B: 290.7± 96.68; MCT

3B2P: 400.8± 53.76), which were found to perform similarly,
with the exception of the DTGS 1B. The 3B2P showed the

greatest consistency in SNR with 13.23 and 13.41% CV

recorded for the DTGS and MCT devices, respectively, com-
pared to 31.89% (10B), 95.27% (DTGS 1B), and 33.26%

(MCT 1B).
Our isopropanol analysis concurs with the findings of

Mossoba et al.,9 as a six-fold increase in sensitivity is seen,
in terms of peak height, from the 1B to the 3B2P sampling

interface in both the MCT and DTGS devices. However,

the benchtop 10B device surprisingly showed similar sensitiv-
ity capabilities to the portable 3B2P, indicating that the rela-

tionship between sample–crystal interface size, through

ATR bounce number, and sensitivity is not a linear relation-
ship and that overall spectrometer composition contributes

to sensitivity. Although spectral processing such as normaliza-

tion would allow comparability of peak areas from 1B devices
to 3B2P and 10B, the SNR values indicated that the amplifi-

cation of noise would render the spectra of a lower overall

quality. Overall, the novel 3B2P interface showed under
ideal contact conditions, performance was elevated in sensi-

tivity, SNR, and CV when compared to the 1B interface, both

attached to a portable spectrometer. Whilst the benchtop
10B device exhibited the highest SNR, this did not translate

into superior measurement accuracy as indicated by the

comparable CV between measurements made with the
3B2P and 10B configurations.

Assessment of the 3B2P Interface Compared to the 1B

in the Assessment of In Vivo Human Skin

The devices were then compared in the context of imper-

fect crystal–sample contact conditions in the form of in

vivo volar forearm skin analysis. All measurements were
collected from the same skin site, so the resultant variation

is due to device and interface differences. Unlike when sam-

pling isopropanol, skin–crystal contact alters with each

measurement, therefore a relative approach to quantifica-
tion is required, attained by equating the maximum absor-

bance or height, normalized to the amide II group of

protein at 1550 cm–1.3,19–22 The resultant average spec-
trum collected from each device–interface combination is

depicted in Figure 3a, where noise of the averaged spectra

is visibly greater when collected with the 1B interface,
compared to the 3B2P or 10B.

Two bands were quantified relative to amide II, the lipid
band at 2850 cm–1 and the amide I band at 1650 cm–1, to
assess performance in different frequency regions which
are both of interest in dermatological analysis; with the

lipid band providing a measure of total lipids relative to pro-
tein in the superficial SC,23 and amide I band which when
normalized to amide II providing a measure of SC moisturiza-
tion due to O–H scissoring/bending absorbance in the same
region as amide I.10,24 As peaks have been normalized, the
quantified area values no longer provide a basis for perfor-
mance comparison, thus we have focused on consistency

through SD and CV shown in Table I, and overall spectral
quality through SNR (Figures 3c and 3d), using the RMS
noise plotted in Figure 3b.

At 2850 cm–1, the quantified lipid band showed the 3B2P
and 10B interfaces to perform most consistently. The DTGS

3B2P recorded the lowest CV (11.43%), followed by the 10B

(15.34% CV) and the MCT 3B2P (15.51% CV). The 1B inter-
faces performed considerably worse in DTGS (22.24% CV)

and slightly worse in the MCT (16.67% CV) devices. At

1650 cm–1, the normalized amide I band variance was
lower overall, with the DTGS 3B2P interface performing

best (0.757% CV). The CV for the 3B2P MCT configuration

was similar to the 10B configuration (1.043% vs. 1.069% CV,
respectively). As with the previously assessed region, the 1B

device performed the least consistently (1.999% CV for the

DTGS and 1.870% CV for the MCT version).
The SNR was reported at 2850 and 1650 cm–1 to assess

performance across the full spectrum as different spectrom-

eter configurations can result in altered sensitivity in certain
frequency regions based on components and experimental

set-up.16

Direct comparisons between the benchtop and portable
devices may not be relevant in terms of how increasing

bounce number affects sensitivity as these devices have dif-

ferent configurations and components, which alter perfor-
mance. Analysis of how bounce number or detector type

affects sensitivity is more suited to comparing the same

device, fitted with 1B or 3B2P ATR scanning interfaces
and an MCT or DTGS detector. MCT detectors typically

allow scans at a narrower frequency range, 1000–4000

cm–1, compared to 400–4000 cm–1 in devices with DTGS
detectors, but are noted to be more sensitive and can

scan at a greater rate.25 Our results suggest slightly greater

performance in skin analysis with an MCT detector, in
terms of both SNR and CV when comparing MCT and

DTGS devices with either scanning interface fitted, and

Williams et al. 5



the SNR was significantly greater with the novel 3B2P inter-

face fitted when assessing the amide I at 1650 cm–1 toward

the fingerprint region of the spectrum. The 3B2P interface

also enhanced the precision of results, showing greater

stability, with improved CV in DTGS and MCT devices

when assessing both regions.

Figure 3. (a) Mid-IR average spectrum and quantified spectral regions of human skin; (b) RMS noise at 3700–3900 cm–1 with (c) SNR
defined as 2850 cm–1 lipid or (d) 1650 cm–1 amide I peak height divided by RMS noise within the 3700–3900 cm–1 region, collected using a
benchtop spectrometer fitted with a 10B ATR interface or portable spectrometer (MCTor DTGS detector) fitted with a 1B or novel 3B2P
ATR interface. Callout highlights selected regions for RMS noise calculation. Box-and-whisker plots depict the lower quartile, median, and
upper quartile values present in each group, with outliers indicated by Tukey’s post-test. The + indicates the mean value. Asterisks indicate
the results of statistical testing (ns= not significant, *p< 0.05, **p< 0.01, ***p< 0.001, ****p< 0.0001). Average spectrum formed of 39
individual spectra collected in triplicate, every 10 min over a period of 2 h. Each individual spectrum collected is formed of an average of 32
scans. Each device was set to perform 32 background scans prior to sample scanning, with a resolution of 4 cm–1.

Table I. Table of SD and CV of two quantified spectral peaks (lipid C–H stretching peak area at 2850 cm–1 and amide N–H stretching peak

and O–H scissoring area at 1650 cm–1) normalized to amide II at 1550 cm–1. Values calculated from 39 spectra, collected from the same volar

forearm in vivo skin site, were recorded with five different ATR FT-IR spectrometer–interface combinations.

DTGS MCT

Spectral region Measurement 1B 3B2P 1B 3B2P 10B

2850 cm–1 Peak height 0.2283 0.2022 0.1720 0.1463 0.1596

SD 0.0508 0.0232 0.0292 0.0223 0.0335

CV 22.24% 11.43% 16.67% 15.51% 15.34%

1650 cm–1 Peak height 1.026 0.970 1.047 0.981 1.073

SD 0.0205 0.0276 0.0196 0.0102 0.0115

CV 1.999% 0.757% 1.870% 1.043% 1.069%

6 Applied Spectroscopy 0(0)



Comparison of 3B2P and 1B Interfaces During an

Observational Cohort Study

Spectra were next collected in newborn babies as a practical

test of clinical bedside use. Data analyzed here comprised

520 mid-IR spectra collected from the right volar forearm
of newborn babies, within 72 h of birth and again after

four weeks. A portable FT-IR spectrometer enables measure-

ment collection in “out-of-lab” settings and thus was selected
for use in this study, where measurements were undertaken

on the ward at birth and in participants’ homes at four weeks

for participant convenience and to facilitate study engage-
ment. Spectra were included for analysis here if a satisfactory

spectrum could be acquired at both time points, resulting in a

cohort of 130 infants,with twomeasurements (before and after the
skin sitewas cleanedwith a 70%alcoholwipe) analyzed at both time

points using either the 1B or 3B2P ATR interface, fitted onto the

MCT version of the portable spectrometer. Overall parents of par-
ticipants were content with the collection of spectral information,

shown in over 90% of exit questionnaire responses (Table S1,

Supplemental Material), recording “somewhat satisfied” or
“extremely satisfied” with ATR FT-IR measurements throughout

the study. The most frequent cause for complaint was the need

for multiple repeats to collect an adequate spectrum, highlighting
the need for improved sampling interfaces.

For the purpose of dermatological applications, spectrom-

eters capable of collecting adequate spectra without the need

for multiple repeats are essential, for both researchers and
study participant satisfaction. Previous works have deter-

mined that crystal–sample contact is key in producing reliable

spectra for analysis of skin using ATR FT-IR, so the useability

of devices is a key factor for study success.25 Here, up to four

repeat measurements were permitted to attain an adequate

spectrum, if previous attempts resulted in an SNR below

one or clear negative peaks indicative of incorrect back-

ground collection. The spectrum collection success rate at

the study visit just after the birth, of both devices, shown

in Table II, and indicates the useability of both devices in a

clinical setting by non-expert users, as all spectra were col-

lected within the hospital wards during this time point. The

80.69% successful spectrum collection rate of the 3B2P com-

pared to the 25.71% when using the 1B ATR interface was a

key finding and highlights greatly enhanced feasibility of clini-

cal use of the 3B2P.

The 54.98% increased spectrum collection success rate
indicates a greater chance of collecting a high-quality spectrum

and is validated by recorded SNR, calculated using the amide I

peak as reference, which was significantly higher in the 3B2P at

both time points (Birth: 1B–58.11, 3B2P–75.62; and four

weeks: 1B–74.65, 3B2P–79.67) indicating greater spectral

quality attained during measurement collection. Higher mea-

surement precision was also seen when using the 3B2P inter-

face during the clinical study with 27.25% lower CV (1B:

Table II. Mid-IR spectra collection information with a portable FT-IR spectrometer during a clinical study, fitted with either the 1B or novel

3B2PATR scanning interface. Spectra were collected on 180 newborns within 72 h postpartum, pre-, and post-skin site cleaning, resulting in a

maximum total of 360 spectra to be attained.

1B 3B2P

Successful collections (maximum achievable) Success rate Successful collections (maximum achievable) Success rate

18 (70) 25.71% 234 (290) 80.69%

Figure 4. (b) Visually assessed skin dryness and device comparison of quantified spectral regions (a, c) of in vivo human volar forearm skin
of newborns, collected in a clinical study setting at birth and four weeks postpartum using the 1B or 3B2P ATR interface; the SNR was
defined as 1650 cm–1 amide I peak height divided by RMS noise within 3700–3900 cm–1 region (a), and SC moisturization defined as 1650
cm–1 amide I peak area normalized to 1550 cm–1 amide II peak area (c). Box-and-whisker plots depict the lower quartile, median, and upper
quartile values present in each group, with outliers indicated by Tukey’s post-test. The+ indicates the mean value. Asterisks indicate the
results of statistical testing (ns= not significant, *p< 0.05, **p< 0.01, ***p< 0.001, ****p< 0.0001).

Williams et al. 7



38.28% vs. 3B2P: 11.03%) at birth, reducing to a 1.74% (1B:
6.10% vs. 3B2P: 4.36%) better CV after four weeks (Figure 4a).

Visual skin dryness assessments (Figure 4b) showed newborn

skin became significantly less dry four weeks postpartum than at
birth (1.25±0.48 vs. 1.15±0.40) and was then compared to

mid-IR data collected during the study which yielded information

regarding the SC moisturization using the neonate skin condition
scorecriterium(detailed inTableS2, SupplementalMaterial).Using

both 1B and 3B2P interfaces we saw a significant uplift in skin

hydration in the cohort after four weeks (1.70±0.16 AU), com-
pared to birth (1.49±0.20 AU) (Figure 4c). We have previously

used the amide I band to monitor uplift in SC hydration in partic-

ipants applying topical emollients to dry skin,10 and our results
here suggest ATR FT-IR can be used as a clinical tool to directly

monitor infant skin hydration qualitatively, with greater sensitivity

to subjective visual assessments, and potentially flag whether a
child is deemed at high risk for eczema. This method could also

monitor the effectiveness of any treatments targeted at increasing

skin hydration. Studies of Raman spectroscopy in both adults and
infants have shown that it is possible to achievequantificationof SC

water content through spectroscopic methods.26,27

However, Raman spectroscopy typically uses a higher-
power laser, up to class 3,28 which exhibits a greater laser

injury risk than the IR spectroscopy used here. Given this

study required the use of non-expert users, collecting mea-
surements from newborns in hospital wards, Raman spectro-

scopy was not considered for use here.

Conclusion

Under ideal sample–interface conditions we have shown the

novel 3B2P ATR interface increased a portable spectrome-

ter’s sensitivity by ∼6× compared to the standard 1B inter-
face, and sensitivity was compared to a benchtop 10B ATR

spectrometer. Although the SNR was greatest in spectra col-

lected using a benchtop spectrometer with a 10B interface,
the portable spectrometer with a novel 3B2P interface

showed the greatest measurement precision.

When applied to the analysis of skin, spectrawere normalized
to adjust for different sample–interface contact, rendering sensi-

tivity equivalent. However, the 3B2P interface again showed

greater consistency of quantified peaks when compared to the
1B interface fitted to the portable spectrometer.When assessing

under ideal contact conditions, the 10B benchtop spectrometer

acquired spectra with the greatest SNR, but the 3B2P showed
the greatest consistencyof all devices andproduced spectraof sig-

nificantly higher quality than the 1B, both when analyzing a single

in vivo skin sample and during the newborn cohort study. The
3B2P interface brings the performance usually associated with a

research-grade benchtop spectrometer to a portable instrument

and enables new clinical applications. Here we show its utility for
rapidly determining SC moisturization, and the rich spectral data

on the molecular makeup of the SC promises wider uses.

Moisture meters have wide dermatological applications, but

current instruments based on capacitance or impedance are con-
founded by ingredients commonly found in topical products, lim-

iting their application for evaluating the effects of topical

interventions for skin dryness among other conditions.29 SC
hydration over the first four weeks of a child’s life, when they

are particularly susceptible to dry skin, maybe a useful biomarker

for general skin health or to inform on the risk of dry skin condi-
tions such as atopic eczema. Early interventions for eczema could

potentially prevent or delay the onset of the disease.
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