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Rotterdam University of Applied Sciences, Rotterdam, Netherlands, 5Institute of Engineering & Applied
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Introduction: Preterm infants’ growth is typically monitored through weight,

body length (BL) and head circumference (HC). However, 3D cranial volume

(CrV) is considered a more accurate indicator of brain growth than 2D HC.

The PreemieScanner is a novel 3D measuring device that simultaneously

measures BL, HC and CrV. Its clinical usability was tested in a simulated

NICU setting.

Materials and methods: Three extremely low birth weight (ELBW; BW< 1,000

gram) dolls with Optiflow breathing systems, (tubes positioned either at the

front or back of the head) were used. Nurses conducted scan sessions and

marked anatomical landmarks on 3D PreemieScanner images. As control,

nurses measured HC manually with a standard measuring tape. Key outcomes

were: (1) Measurement success rate, (2) Precision—percentage within clinically

allowed limits, ±0.4 cm for BL, ±0.3 cm for HC, ±12 ml for CrV, and 3) accuracy

—mean or median measurement error (MME) relative to the ground truth.

Results: Thirty-five scan sessions resulted in 100% successful measurements for

BL and HC; 80% for CrV. BL MME −3.3% (p < 0.001); 40% (42/105) within

precision limits. HC MME (Optiflow-front) 0.0% (p= 0.63); 89% (51/57) within

limits. HC MME (Optiflow-back) −0.4% (p= 0.91). 93% (43/46) within limits.

MME HC measuring tape, (Optiflow-front) −0.8% (p < 0.001), 88% (50/57)

within limits, and MME (Optiflow-back) −1.1% (p < 0.001), 83% (40/48) within

limits. MME CrV (Optiflow-front) −1.8% (p= 0.01), 86% (31/36) within limits,

MME CrV (Optiflow-back) −1.3% (p < 0.001), 98% (45/46) within limits.

Conclusions: The PreemieScanner is a reliable, comprehensive device for

measuring BL, HC and CrV in ELBW infants. It integrates smoothly into routine

care with minimal disturbance. HC measurements demonstrated higher accuracy

and precision than traditional tape method. CrV measurements, with 93% within

precision limits, can be regarded as acceptable, enabling development of CrV

growth reference charts, enhancing clinical growth monitoring.
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1 Introduction

Growth monitoring is a worldwide acknowledged

cornerstone of neonatal intensive care. For optimal short- and

long-term health outcomes, preterm infants’ growth velocity

should align with standardized growth reference charts.

Impaired growth velocity has been associated with conditions

such as necrotizing enterocolitis, bronchopulmonary dysplasia,

and malabsorption (1–5).

In neonatal intensive care units (NICU), the growth of

preterm infants is typically monitored through daily weight

checks, and weekly measurements of body length (BL) and

head circumference (HC) (6). However, measuring HC and BL

measurements inside the incubator with instruments using

tools like calipers or measuring tapes can cause considerable

stress to the infant (7–9). Such stress is associated with

suboptimal brain development (10, 11) and other negative

health effects (12–16). Acknowledging the harmful impact of

neonatal stress, NICUs have increasingly adopted

individualized care programs focused on stress prevention,

which have become a standard of care (17–19).

Three-dimensional cranial volume (CrV) measurements are

considered a more accurate and clinically reliable indicator of

brain growth in preterm infants compared to 2D HC

measurements (20–24). However, unlike the widely accepted

growth reference charts for preterm HC, there are no

established CrV growth reference data for preterm infants

(25–27). This gap is largely due to the technical and practical

challenges of obtaining stress-free measurements in

ventilated infants within incubators. Vermeulen et al.

presented the first CrV growth reference charts for preterm

infants born at 34–42 weeks gestational age (GA) and

emphasized the need for measuring techniques applicable to

younger infants (28). Additionally, Dieks et al. presented

longitudinal HC and CrV data for infants born between 28

and 40 weeks GA (29).

A reliable, stress-free technique for CrV measurements in

preterm infants within incubators is needed for routine care.

Ideally, an all-in-one growth monitoring device should measure

BL, HC and CrV without causing stress, even for extremely

low birth weight (ELBW; BW < 1,000 gram) infants. To

address this need, the PreemieScanner, a 3D scanner, has been

developed (Figure 1). Previously, the MONITOR3D scanner was

developed and validated for measuring HC and CrV of ELBW

infants within incubators (30). However, MONITOR3D had

limitations: it could not measure BL, and only 45% of scans

resulted in successful measurements—insufficient for clinical

implementation. Additionally, its accuracy and precision needed

improvement to be applicable to a broader preterm population.

The PreemieScanner aims to overcome these limitations. This

study evaluate its clinical usability in a simulated neonatal

intensive care unit (NICU) setting by assessing: (1) the

percentage of successful measurements from PreemieScanner

scan sessions, and (2) the percentage of measurements within

clinically allowed precision limits.

2 Materials and methods

In June 2,024, a validation study in a simulated setting was

conducted at the NICU of the Erasmus MC—Sophia Children’s

Hospital, which admits approximately 600 neonates annually. It

comprises four open baby sub-units, each with eight beds. At the

time, the clinical staff included 17 neonatologists, 9 residents, 91

nurses, 16 nurse trainees, 22 nursing assistants, and 9

nurse practitioners.

2.1 Research ethic committee approval

The Clinical Technological Research—Human Research Ethics

Committee (KTO-HREC) of Delft University of Technology

approved the study (Application number KTO-HREC23002). All

collected data were stored anonymously.

2.2 The PreemieScanner

The PreemieScanner used in this study is an in-hospital

developed medical device currently in the prototyping stage and

not commercially available. This portable scanner comprises five

eye-safe 3D cameras (Intel RealSense, Santa Clara, California,

USA) mounted in fixed positions within a frame. This frame is

designed to fit precisely over the transparent cover of a Babyleo

TN500 incubator (Dräger, Lübeck, Germany), enabling

positioning of the 3D cameras around the infant’s head and

body (Figure 1).

For a BL measurement, a single 3D capture is sufficient,

provided it offers an unobstructed view on the crown, crotch,

knee, and heel. This capture should ideally be taken during

diaper change, ensuring the infant remains still for less than a

second. Immediately after the capture, nurses can resume their

routine care, while the actual BL measurement can be

calculated afterward.

For HC and CrV measurements, three captures are needed,

each taken with the head in a different position (front, left,

right). These captures generate overlapping 3D images that

collectively cover all areas of the head. The three, overlapping 3D

images are “merged” by 3D postprocessing to one 3D image that

represents the complete, 360 degrees around, image of the head.

To minimize stress caused by head repositioning, captures are

synchronized with the protocolized head position changes that are

part of NICU standard care. These position changes, performed

every three to four hours, help prevent skull deformations (31,

32). The approach of synchronizing capture moments with

routine care is detailed in a previous study (30).

2.3 Simulated NICU care setting

The validation took place in an NICU incubator

bedspace, where prepared dolls were placed in an incubator to
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simulate ELBW infants (birth weight < 1,000 gram).

After having been shown an instructional video, NICU

nurses individually conducted scan sessions using the

PreemieScanner scanner, with a preterm doll placed in an

incubator (Figure 2) to mimic a NICU routine care moment.

Two researchers were present to guide the nurse throughout

the scan session.

Three dolls were used (Figure 3), each representing a slightly

different ELBW infant, weighing approximately 600–800 grams

and measuring 32–35 cm in length. Two of the dolls were

preterm simulation dolls (doll 1: SOMSO Premature Baby type

MS61, Female, SOMSO MODELLE GmbH, Coburg, Germany;

doll 2: Nasco Premature baby, type LF01206U), while the third

was a baby doll (doll 3: Citi Toy, type BD034B). Each doll was

equipped with a respiratory support system (Optiflow, Fisher

& Paykel Healthcare, Auckland, New Zealand) and a

feeding tube, both secured to the nose and forehead with

commonly used tape. To replicate a real NICU care situation,

the doll was positioned in a supportive ’snuggle’ with a rolled-

up towel around the legs. The Optiflow tubes were prepared in

two configurations to align with typical NICU practices,

depending on the infant’s position: tubes placed at the front of

the face (Optiflow-front) or at the back of the head (Optiflow-

back). For the HC and CrV measurements, the two tube

positions (Optiflow-front and Optiflow-back) were analyzed

separately to assess the effect of tube placement on 3D

head measurements.

3 Data collection

Figure 4 illustrates the data collection process for BL, HC and

CrV measurements through a flowchart. of the process involved

four steps, described in detail in the following paragraphs: (1)

Scan sessions, (2) Merging three captures into one head, (3)

Visual assessment of merging quality, (4) Calculating BL, HC,

and CrV. All raw 3D data and additional information are

accessible in the online dataset (33). The readme file of the

dataset is available as Supplementary Material.

3.1 Scan sessions

Each nurse conducted three 3D captures of one of the three

dolls, marked anatomical landmarks on the 3D image on the

laptop screen, and measured the doll’s HC using a standard

measuring tape. Doll type and Optiflow method were randomly

assigned across scan sessions and nurses, aiming for balanced

sample sizes.

The first 3D capture, known as the “head front capture”, was

taken with the head facing forward (Figure 5). To ensure an

unobstructed view of the crotch, the diaper was removed for this

first capture. Immediately after, and only on the first capture, the

nurse manually marked anatomical points on the 3D image

displayed on the laptop screen to derive BL, HC and CrV

FIGURE 1

The PreemieScanner, a portable device containing five 3D cameras, is placed on the incubator’s transparent cover and operated via a connected

laptop. Activating the “Create Capture” button on the laptop touchscreen captures a 3D image, constructed from the five overlapping 3D raw

camera images. Initial capture time of the individual cameras is approximately 30 ms, during which the infant should lie completely still. Total

capture time, including construction of the assembled 3D image, is approximately 5 s Demo video available on YouTube: PreemieScanner 2024.
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(Figure 6). For BL, four points were marked: crown, crotch, inside of

the knee, and heel. For HC and CrV, three points on the head were

marked: the left tragus (ear), nasion (near the nose), and right tragus

(ear) (Figure 7). This marking process was repeated three

consecutive times on the same 3D image, resulting in three sets of

paired points for BL, and three sets for HC/CrV, aligning with

standard practices of taking three measurements and calculating

the mean. Each set of points was saved in a separate data file.

FIGURE 2

Scan session in a NICU bed space. The nurse operated the scanner using a laptop, controlled either via a wireless computer mouse or the built-

in touchscreen.

FIGURE 3

The three prepared dolls. Each doll was equipped with an Optiflow breathing system (Optiflow Junior 2 Nasal Interface and WigglewiNG, Fisher &

Paykel Healthcare, Auckland, New Zealand), ECG electrodes (ConMed 1741-003 ECG Neotrode), a nasogastric feeding tube (Vygon UK Ltd,

Swindon, UK 1311.05), and a saturation sensor (Masimo Corporation, Irvine, CA, USA).
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For the second and third captures, the nurse adjusted the head

position to the left or right, closely mirroring routine care practices.

After completing the three captures, the nurse measured HC

using the standard measuring tape of the NICU involved in this

study, following the current HC measurement protocol

(Figure 8). As no HC measurements had yet been obtained from

the PreemieScanner, the nurses were not expected to be

influenced by a HC value calculated by the PreemieScanner.

3.2 Merging three captures to one head

For each scan session, a 3D image of the complete head was

constructed by merging the three captures into one. This 3D

postprocessing process, as well as the methods to derive BL, HC/

CrV values from the 3D images, are detailed in the readme file

of the dataset (33) and illustrated in the demo video available on

YouTube. The dataset readme file is available in Supplementary

Materials Data Sheet 1.

The merging of all scan sessions was carried out collectively by

four researchers. To minimize interrater variability, they

participated in joint instructional and practice sessions prior to

the merging process. For each scan session, all four researchers

independently attempted to merge the head, resulting in four

merged versions per session—one from each researcher, in

Figure 4 shown as merger A, B, C, D. This approach aimed to

mitigate potential bias arising from individual influence on the

merging process.

3.3 Visual assessment of merging quality

Next step was visual assessment of the quality of the four

resulting merged heads (A,B,C,D). To validly derive HC or CrV,

the quality of at least one of the merges (A,B,C,D) needed to be

deemed valid. This assessment was conducted collaboratively by

visual examination of the generated Poisson reconstruction. This

Poisson reconstruction was automatically performed by the

calculation script. Poisson reconstructions showing significant

deformations—typically caused by insufficient 3D data –that

could clearly influence HC or CrV were considered invalid for

either HC, CrV, or both measurements. The assessment was

FIGURE 4

Data collection flowchart. In a scan session, each nurse individually conducted three 3D captures of a doll. After the first capture was taken—with the

doll’s head facing forward, the nurse marked anatomical landmarks on the 3D image on the laptop screen: on the body for BL, and on the head for

HC/CrV. This marking process was repeated three times—first for BL, then for HC/CrV –resulting in three consecutive PreemieScanner measurements

of BL, HC and CrV. After marking the landmarks on the first capture, two more captures were taken, with the head facing to the right and to the left,

repositioning the doll in between captures. No landmarks were marked on the second and third capture. At the end of the scan session, the nurse

measured the doll’s HC three consecutive times using a standard measuring tape.
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done separately for HC and CrV, because if a deformation was, for

example, on top of the head, this would influence only CrV, and

not HC.

3.4 Calculation of BL, HC and CrV

BL, HC and CrV were calculated using the PreemieScanner

software’s built-in script, based on the anatomical landmarks

marked on the 3D image by the nurses (Figures 6, 7).

For BL, the script measures the 3D distances between points.

This method allows accurate measurement, even with legs curled

up, eliminating the need to straighten them. Each BL

measurement is saved as data file containing the marked

anatomical points as 3D (x, y, z) coordinates, along with the

total BL as the sum of segment lengths.

To calculate HC and CrV, a merged head is imported in the

custom-developed software via the laptop’s Windows file

browser. One of the three point sets, marked by the nurse during

the scan session, is then imported. Calculated HC and CrV is

then shown on the laptop screen and saved as in a file. In this

way, HC and CrV were measured separately for all the merges

that were deemed valid. A merge could be valid for HC, CrV or

both. For one point set, this resulted in a set of one to four HC

and/or CrV values. One, in case just one, e.g., “merge A” was

deemed valid, to a maximum of four values, in case A,B,C,D

were all valid. Finally, the mean was taken as resulting HC or

CrV measurement of that particular scan session and point set.

Anatomical landmarks for HC and CrV were marked on the

3D image from the first capture, rather than on the fully merged

head, for two main reasons. First, the full-color detail of a single

capture provided greater morphological clarity compared to the

merged head, where three full-color 3D images blended into a

“camouflage look”, making the tragus and nasion harder to

distinguish. Second, requiring nurses to mark points on the

merged head after the merging process would have necessitated

their return later, a challenge given their demanding schedules.

3.5 Data analysis

Assessment of clinical usability of the PreemieScanner is

twofold: (1) can the PreemieScanner measure the weekly growth

of preterm infants with sufficient clinical accuracy and precision?

To answer this, we need to define the smallest weekly growth

(or: weekly increase) the device should reliably detect. The

smallest weekly growth values for BL, HC and CrV can be

translated to clinically allowed precision limits the device should

comply with. (2) Is the PreemieScanner feasible to fit in NICU

routine care? Feasibility is quantified by the percentage of scan

FIGURE 5

The PreemieScanner graphical user interface. The interface is displayed on a touchscreen laptop. A “live” camera preview helps the nurse align the

scanner with the head, ensuring proper positioning within a designated circle by gently sliding the scanner over the incubator cover. Before

capturing, the nurse selects the head’s orientation using graphical head contours buttons that match the camera preview. Once the “Create

capture” button is pressed, a 3D file of the capture is automatically saved to the laptop, labelled with a suffix indicating the head’s position (front,

left, right).

van Gils et al. 10.3389/fmedt.2025.1607538

Frontiers in Medical Technology 06 frontiersin.org

https://doi.org/10.3389/fmedt.2025.1607538
https://www.frontiersin.org/journals/medical-technology
https://www.frontiersin.org/


sessions leading to usable measurement values. The success rate of

conducting a scan session should be high enough to justify

implementation in clinical practice.

3.5.1 Success rate of scan sessions
The success rate of scans sessions was determined as the

percentage of successful sessions. A successful session led to a

BL, HC, or CrV measurement. For BL, measurement results were

instantly shown during the scan session, when the nurse marked

the anatomical landmarks to derive BL. For HC or CrV, a

successful measurement depended on the visual assessment of

merging quality, where at least one of four merged heads should

be deemed valid for either HC or CrV calculation. In case none

of four merges were valid, that scan session was counted as

unsuccessful for either HC, CrV or both. As described earlier,

visual assessment of merging quality was done separately for HC

and CrV: a merge could be valid for HC but invalid for CrV.

3.5.2 Accuracy and precision
For this study, accuracy and precision were evaluated using the

measurement error (ME), defined as the deviation of a measured

value from the ground truth (GT) values. The ground truth

values represent the fixed, true dimensions of the dolls. The

method for establishing GT is described in a later section.

Accuracy reflects trueness—the closeness of the measured values

to the true value of the object measured. Precision, also referred

to as reliability, refers to the consistency of a measurement

method, indicating how closely repeated measurements of the

same object agree (34). A study into taxonomy of measuring

instruments defines reliability as “the degree to which the

measurement is free from measurement error” (35, 36), which

implies both agreement with the true value and between

measurements. In Supplementary Materials Data Sheet 2—

Accuracy and precision, fictive data plots illustrate the

interpretation of accuracy and precision from the MEs.

Accuracy is expressed as the mean ME if the distribution is

normal or the median ME if not. Precision is reflected by the

spread of ME, measured by the error interval. The overall

accuracy of the PreemieScanner for BL, HC and CrV was

determined by the combined overall mean or median ME for all

three dolls. Precision, reflecting the spread of the MEs, was

quantified using the minimum-maximum (min-max) range and

95% interval of that range, which captures 95% of observed MEs,

excluding extreme outliers. The spread of MEs of repeated

measurements can be regarded as the test-retest reliability. For

non-normally distributed MEs, the 95% interval was defined as

Q2.5—Q97.5, while for normally distributed MEs, it was

expressed as the mean +/− 1.96*SD, covering 95% of the data.

The consistency of measurements between nurses, the interrater

variability and with the three measurements of one nurses—the

FIGURE 6

Screenshot of PreemieScanner laptop screen. Body length measurement is performed by marking anatomical landmarks on the 3D image obtained

from the initial capture: crown-crotch-knee-heel. These points are marked by double-clicking, using the laptop’s mouse or touch screen. Marked

points appear as red dots, and the segments connecting them are highlighted with red lines. Once all points are marked, the total body length is

instantly calculated and displayed in the top-right corner of the laptop screen as the sum of the lengths of three segments: crown-crotch,

crotch-knee, knee-heel.
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FIGURE 7

Cranial volume and head circumference. Cranial volume (CrV) is defined as the volume above the plane passing through the left tragus, right tragus,

and nasion. Head circumference (HC) is measured at the largest section parallel to this plane. The software calculates HC by slicing the volume above

the plane at 1 mm intervals and computing the surface area of each slice. Slicing begins slightly above the ears to exclude their additional volume,

ensuring the correct, largest section is measured.

FIGURE 8

Head circumference measuring tape. The measuring tape currently utilized for measuring head circumference in the NICU participating in this study is

the HappyMeasure tape. Made from Tyvek plastic paper, this tape was specifically developed by the Erasmus MC department of Create4Care,

Rotterdam, The Netherlands for in-hospital use.
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intrarater variability, can be quantified by the intraclass correlation

coefficient (ICC). Data analysis of nurses’ inter- and intrarater ICC

is presented in the Supplementary Materials Data Sheet 2—Nurses’

Inter- and Intrarater variability, as this does not directly

contributes to our main question.

Metrics can be expressed either in absolute measurement units

(cm for BL and HC, ml for CrV), or as percentage of the GT

value. The percentage approach is preferred when measuring

objects of different sizes, in our case three dolls with slightly

different sizes, as an ME of 0.1 cm has different implications for an

object of 10 cm vs. one of 100 cm. Therefore, in our analysis, all

measured values were converted to proportional values, expressed

as percentages relative to the GT values of each individual doll.

3.5.3 Ground truth values
The GT values were obtained from precise 3D scans of the dolls’

heads, captured using a medical-grade scanner known for its high

accuracy (3dMD head system, purchased in 2020 from 3dMD,

Atlanta, USA, with a manufacturer-claimed shape accuracy of

0.2 mm). One 3dMD capture provides a 360-degree round 3D

image of the doll. BL, HC and CrV were measured from these

scans using the same calculation scripts describe above. To

establish the GT values, anatomical 3D points were identified

based on multiple points sets marked by four different raters. Each

raters marked three sets of anatomical 3D points for each doll for

both BL and HC/CrV, resulting in x, y, z coordinates for each 3D

point. The average x, y, z coordinates across all sets were

calculated and used to determine GT values for BL, HC and CrV

for each doll. All data used to establish GT values are available in

the online dataset (33).

3.5.4 Clinically allowed precision limits
The clinically allowed precision limits were set to match the

smallest weekly growth increases observed in a P50 preterm infant

for BL, HC, and CrV. This approach resulted in precision limits of

+/− 0.4 cm for BL, +/− 0.3 cm for HC, and +/− 12 ml for CrV.

These limits are applied as margins below and above the median

or mean ME for each doll. For instance, if the medium or mean

HC ME is 1.0 cm, a clinically acceptable ME should fall within the

range of 0.7–1.3 cm, given the precision limit of 0.3 cm. We

translated these absolute precision limits (in cm, ml) into

proportional limits (%) relative to each doll’s GT value.

The ability to detect clinical relevant change over time—with

sufficient reliability, is also referred to as the responsiveness of a

device (34, 35). Responsiveness relates to the smallest clinical

relevant change the instrument should detect. For the

PreemieScanner scanner, this threshold is determined by the

smallest expected weekly growth increase in BL, HC and CrV, as

the scanner is intended for weekly growth measurements (27, 37,

38). These smallest weekly increases are translated into clinically

allowed precision limits.

To determine these smallest weekly increases, we extracted

growth data from multiple data sources, including growth

reference charts and published studies (25–29, 39–42), as

summarized in Table 1. Detailed tables of the extracted weekly

growth data are available in the Supplementary Materials Data

Sheet 3—BL_HC_CrV weekly increase. The precision limits were

established by calculating the mean of the smallest growth values

across all data sources, for infants with GA up to 40 weeks.

Table 2 presents these precision limits as +/− intervals, indicating

the range of the clinically allowed ME: MEs falling within these

limits are considered clinically acceptable for weekly, longitudinal

growth monitoring.

In a NICU, preterm growth is typically monitored by plotting

weekly measured values of weight, BL, and HC against gestational

age. In Supplementary Materials Data Sheet 2—Accuracy and

Precision, fictive HC plots illustrate the relation between

measured growth and actual growth. These measured growth

curves are compared to reference growth charts, which display

percentile-based growth patterns for weight, BL, and HC

(26, 27). If the error interval of the instrument exceeds the actual

growth increase between two measurements, there is a risk of

TABLE 1 P50 minimum values for weekly increase of BL, HC and CrV. Data extracted from growth data of multiple data sources, in P50 preterm infants up
to 40 weeks GA.

Data Source BL
[cm]

BL proportional
[%]

HC
[cm]

HC proportional
[%]

CrV
[ml]

CrV proportional
[%]

Altigani et al. (41) 1.0 2.1 0.6 1.7 – –

Babson (42) 0.6 1.4 0.5 1.5 – –

Dieks et al. (29) – – 0.7 2.0 32.0 6.5

Horemuzova et al. (39) 0.6 1.6 0.5 1.7 – –

RCPCH (26) 0.7 1.4 0.4 1.0 – –

Riddle et al. (40) 1.0 2.1 0.5 1.6 – –

Vermeulen et al. (28) – – – – 16.5 4.0

Villar et al. (27) 1.3 3.1 0.9 3.1 – –

Young et al. (25) 0.8 2.6 0.6 2.6 – –

Mean minimum weekly increase, over all data

sourcesa
0.8 2.0 0.6 1.9 24.3 5.3

Translation to “+/−” precision limit:b 0.4 1.0 0.3 1.0 12 2.6

BL, body length; HC, head circumference; CrV, cranial volume; GA, gestational age.
aMean of the values above.
bMean minimum weekly increase values divided by 2, as the +/- precision limit, representing an interval around the true (ground truth) value in which a measured value should lie to be

clinically useful.
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inaccurately observing ’shrinkage’ when normal growth is

occurring. To prevent this, the precision of the measuring

instrument must have an error interval that is smaller than, or at

most, equal to the smallest expected weekly growth increase.

3.6 Statistical analysis

Data were categorized based on the type of measurement (BL,

HC, CrV) and the specific doll measured (Doll 1, 2 or 3). For HC

and CrV, data were further divided based on the placement of the

Optiflow tube (front or back). Optiflow tube placement had no

impact on BL measurements. Additionally, HC data were analyzed

separately by the measurement method used: PreemieScanner or

measuring tape. Normality of distributions was assessed using the

Shapiro–Wilk normality test, complemented by point plots.

Differences between the overall mean or median ME and the

GT—essentially testing for an ME of zero—were evaluated using

one sample T-tests for normally distributed data and Wilcoxon

rank-sum tests for non-normally distributed data. To visually

depict accuracy and precision, we generated point plots

illustrating MEs for each measurement type. Because the three

dolls slightly varied in size, we expressed the data proportionally

relative to each doll’s GT value. This approach ensured that the

precision limit interval appeared proportional to the size of each

doll, enabling a fair visual comparison across all measurements.

In the Supplementary Materials Data Sheet 2, consistency of

measurements within one nurse is presented by the intra class

correlation (ICC) for intrarater variability/reliability, and agreement

between different nurses by the ICC for interrater variability/reliability.

In addition, the statistic metric ’smallest detectable change’

(SDC) was used as estimate of the minimum change the device

can interpret as a real difference, beyond measurement error. In

other words, the minimum change that must occur for an

observer to be confident (with 95% certainty) that the change is

not due to measurement error alone. The SDC, expressed in cm

or ml can be directly compared to the minimal absolute weekly

increases: 0.8 cm for BL, 0.6 cm HC and 24 ml CrV. If SDC is

smaller than the minimal weekly increase, the PreemieScanner

can reliably measure weekly growth, the smaller the SDC, the

better the PreemieScanner performs. In statistics, SDC is defined

as SDC = 1.96*√2*SEM, with SEM as the Standard Error of

Measurement. SEM, in statistics defined as SEM = SD*sqrt(1

−ICC), or SD*sqrt(1−correlation) is a metric for understanding

the spread of errors, typically in comparing one device to

another, in other words precision of measurements. However, as

we, in our case, comparing measurements from a device to a

fixed ground truth (with, theoretically, no measurement error),

SEM is equal to the standard deviation of the MEs, as the entire

variability in the deviation to the ground truth (GT) is attributed

to the device, in other words SEM = SD(ME).

Statistical analyses were performed using R Statistical Software

Version 4.4 (R Foundation of Statistical Computing, Vienna,

Austria), with significance set at p < 0.05 (two-tailed). R-scripts

and data tables used for statistical analyses can be found in

Supplementary Materials Data Sheets 4–6.T
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4 Results

4.1 Success rate of scan sessions

Thirty-five nurse performed a scan session. The 35 scan

sessions resulted in a 100% success rate for BL and HC

measurements and an 80% success rate (28/35) for CrV

measurements. Seven sessions were unsuccessful in measuring

CrV. In these seven sessions, all of four merged heads were

deemed invalid for CrV calculation. This was due to missing 3D

data, leading to significant deformations in the Poisson

reconstruction process, resulting in failed or unrealistic CrV

calculations. Figure 9 presents examples of merged head scans,

including a failed reconstruction.

4.2 Measurements within precision limits

Table 3 summarizes the number of measurements with MEs

falling within the established precision limits for all dolls

combined, for Optflow front. These counts and proportions were

calculated relative to the precision limits adjusted for each doll’s

medium or mean ME. For BL with PreemieScanner, overall, all

dolls and Optiflow front/back combined, 40% of MEs were

within precision limits. For HC with PreemiesScanner, this

overall percentage is 91%, and for HC with measuring tape 86%.

CrV with PreemieScanner with 93% has the highest overall

percentage of MEs within limits. Table 4 provides similar data

broken down for each individual doll. Detailed statistic tables are

available in Supplementary Materials Data Sheet 7—Statistics

Tables. In the data plots presented in the following sections, the

precision limits are visually indicated, allowing for easy

identification of measurements that fall within these limits.

4.3 Smallest detectable change

Table 3 presents both SDC in absolute values as well as

proportion to the expected absolute smallest weekly increases for

BL, HC and CrV. In addition to the percentage of measurements

with ME within precision limits, the SDC, expressed in cm for

BL and HC, and ml for CrV, can be directly compared to the

expected smallest weekly increase, as a measure for clinical

suitability for measuring weekly growth. The SDC should be

smaller than the expected change in order to be (at least) 95%

confident that measured increase is actual growth and not only

caused by measurement error. For all dolls and Optiflow front

and back combined, proportional SDC for BL is 400%, for HC-

tape 124% and HC-PrSc 118%, and Crv 96%. If we group by

Optiflow method, the Optiflow front has a significantly lower

SDC compared to back, for BL (293/495%), HC-tape (89/147%)

and HC-PrSc (96/148%). For CrV, Optiflow front scores higher

than back (96/148%).

4.4 Overall accuracy for BL, HC and CrV

Table 5 presents the overall accuracy—for all three dolls

combined, for BL, HC, and CrV, expressed as the mean or

median measurement error (MME). MME below zero indicate

that measured values, on average, were lower than GT. No

significant differences from GT were found for HC with

PreemieScanner, with MME 0.0% (p = 0.63) for Optiflow front,

and −0.4% (p = 0.91) for Optiflow back. MME HC with tape did

significantly differ from GT: −0.8% (p < 0.001) Optiflow front,

−1.1% (p < 0.001) Optiflow back. BL measurement with

PreemieScanner did significantly differed from the GT,

with MME Optiflow front/back −3.3% (p < 0.001). Lastly, CrV

with PreemieScanner significantly differed frm GT with Optiflow

front −1.8% (p = 0.01) and Optiflow back −1.3% (p < 0.001).

4.5 Accuracy and precision of BL
measurements

Statistics for BL measurement errors, grouped by doll are

presented in Table 4, with corresponding MEs visualized in

Figure 10. Shapiro–Wilk normality tests indicated that only the

FIGURE 9

Examples of merged heads. (A) Result after the manual merging process, showing areas with missing 3D data; (B) The same head after Poisson

reconstruction performed by the calculation script; (C) An example of a failed Poisson reconstruction with severe, unrealistic deformations due to

excessive missing 3D data. (D) Close-up view of the deformation in C.

van Gils et al. 10.3389/fmedt.2025.1607538

Frontiers in Medical Technology 11 frontiersin.org

https://doi.org/10.3389/fmedt.2025.1607538
https://www.frontiersin.org/journals/medical-technology
https://www.frontiersin.org/


BL MEs of doll 1 showed normal distribution. For all dolls, BL

was consistently underestimated, with the mean or median

ME falling below the GT. Largest spread of MEs, so lowest

precision, are in doll 3, with a 95% ME interval of 17.5%,

resulting in 28% of MEs within limits. The plot shows three

outliers in doll 3, resulting in a large ME interval. Measurements

of doll 1 showed highest precision, with 95% interval of 6.6%

and 70% within limits.

4.6 Accuracy and precision of HC
measurements

Table 4 and Figure 11 present the MEs for both

PreemieScanner and the measuring tape, across all dolls,

separated by Optiflow attachment positions (Front and Back).

For PreemieScanner, highest precision is shown in doll 3 for

Optiflow front, with 95% ME interval/within limits of 0.7%/100%

and for Optiflow back in doll 2 with 1.1%/100%. For tape,

highest precision, for both Optiflow front and back, is shown in

doll 3, with 95% ME interval/within limits of 1.3%/94% Optiflow

front and 0.9%/100% for Optiflow back.

4.7 Accuracy and precision of CrV
measurements

Table 4 presents the statistics for CrV measurement errors,

grouped by doll and Optiflow method. Figure 12 visualizes the

distribution of these errors. Spread in CrV MEs is relatively larger

than in HC MEs. Highest CrV precision is shown in doll 1 for

Optiflow front, with 95% ME interval/within limits of 9.5%/100%

and for Optiflow back in doll 3 with 6.2%/95%. It should be noted

that, although for Optiflow back doll 2 ME range is smaller than

doll 3, but due to the statical calculation of the 95% reference

intervals based on normality (Q2.5–97.5 vs. +/−1.96*SD), the 95%

interval of doll 2 is smaller. Considering MEs within limits, doll 3

scores higher with 100% vs. 95% for doll 2.

Most CrV values measured by the PreemieScanner are below

the GT. For all individual rater groups, as well as the combined

rater data, the mean CrV measurements deviate significantly

from the GT.

5 Discussion

The current study evaluated the clinical usability of body length

(BL), head circumference (HC), and cranial volume (CrV)

measurements using the novel PreemieScanner 3D scanner in a

simulated NICU setting. Nurses conducted scan sessions with

the PreemieScanner, scanning three prepared dolls, and also

measured HC using the currently used measuring tape.

Usability was assessed based on two key factors: (1) the

success rate of scans, defined as the percentage of scan

sessions that resulted in successful calculations of BL, HC, or

CrV, and (2) the percentage of measurements fallingT
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TABLE 4 Body length (BL), head circumference (HC) and cranial volume (CrV) measurements, conducted using PreemieScanner and currently used measuring tape. Results are grouped by the body size parameter
(BL, HC, CrV), doll, measuring device, Optiflow tubes guided to back or front of the head. Results are expressed in the proportional measurement errors (ME), calculated relative to the ground truth (GT) of each doll.
Accuracy is expressed as the mean or median deviation from the GT, depending on normality of the ME distribution. Precision can be interpreted by the min-max interval, the total range of MEs, and the 95%
reference interval, covering 95% of MEs, so excluding 5% outliers. Measurements with ME within limits are considered clinically useful for weekly growth monitoring: the more measurements with MEs falling
within limits, the better device’s precision.

Measurement Precision limits Accuracy Corrected
precision limitsb

ME Range Precision by 95% ME
Reference Interval

MEs within corrected
precision limitsc

Body size
parameter,
Device,
Optiflow
method

Doll Normalitya lower
limit
[%]

upper
limit
[%]

Median/
mean

deviation
from GT [%]

lower
limit
[%]

upper
limit
[%]

min max min-max
interval
[abs %]

Q2.5 Q97.5 95%
interval
[abs %]

Within
corrected

limits

n Proportion
within limits

[%|

BL, PrSc 1 Yes (p = 0.55) −1.3 1.3 −3.8 −5.1 −2.6 −6.9 0.0 6.9 −7.1 −0.5 6.6 19 27 70

2 No (p = 0.02) −1.2 1.2 −1.2 −2.4 0.0 −4.2 5.4 9.6 −3.8 5.2 9.0 12 39 31

3 No (p < 0.001) −1.3 1.3 −5.1 −6.4 −3.8 −8.6 14.0 22.6 −8,0 9.5 17.5 11 39 28

HC, Tape, Optiflow

Front

1 No (p < 0.001) −1.2 1.2 −0.8 −2.0 0.4 −2.0 0.0 2.0 −1.7 0.0 1.7 26 27 96

2 Yes (p = 0.13) −1.2 1.2 −1.8 −3.0 −0.5 −4.6 0.4 5.0 −4.8 1.2 6.0 7 12 58

3 No (p = 0.002) −1.1 1.1 −0.7 −1.8 0.4 −1.1 0.7 1.8 −1.1 0.3 1.3 17 18 94

HC, Tape, Optiflow

Back

1 Yes (p = 0.05) −1.2 1.2 −1.9 −3.1 −0.7 −5.6 1.2 6.8 −6.3 2.6 8.9 7 12 58

2 Yes (p = 0.10) −1.2 1.2 −1.6 −2.8 −0.3 −2.9 0.4 3.3 −3.6 0.5 4.1 12 15 80

3 No (p < 0.001) −1.1 1.1 −1.1 −2.2 0.0 −1.4 −0.4 1.1 −1.4 −0.5 0.9 21 21 100

HC, PrSc, Optiflow

Front

1 No (p = 0.009) −1.2 1.2 0.0 −1.2 1.2 −1.2 1.2 2.4 −1.2 1.2 2.4 21 27 78

2 No (p = 0.02) −1.2 1.2 0.4 −0.8 1.7 −0.4 0.8 1.2 −0.4 0.8 1.3 12 12 100

3 No (p = 0.002) −1.1 1.1 −0.7 −1.8 0.4 −1.1 −0.4 0.7 −1.1 −0.4 0.7 18 18 100

HC, PrSc, Optiflow

Back

1 No (p = 0.003) −1.2 1.2 0.0 −1.2 1.2 −0.8 0.4 1.2 −0.8 0.4 1.2 12 12 100

2 No (p < 0.001) −1.2 1.2 1.2 0.0 2.5 0.4 1.7 1.3 0.4 1.5 1.1 13 13 100

3 No (p < 0.001) −1.1 1.1 −0.7 −1.8 0.4 −3.2 0 3.3 −3.2 0 3.2 18 21 86

CrV, PrSc, Optiflow

Front

1 Yes (p = 0.29) −5.4 5.4 −3.4 −8.8 2.0 −7.3 −0.2 7.1 −8.2 1.3 9.5 12 12 100

2 Yes (p = 0.17) −6.2 6.2 1.5 −4.7 7.7 −1.6 7.7 9.2 −5.6 8.6 14.2 6 6 100

3 No (p = 0.005) −3.9 3.9 −1.8 −5.7 2.1 −8.1 9.1 17.1 −7.5 8.7 16.2 13 18 72

CrV, PrSc, Optiflow

Back

1 Yes (p = 0.13) −5.4 5.4 −1.3 −6.8 4.1 −4.7 3.3 8.0 −6.9 4.2 11.1 12 12 100

2 Yes (p = 0.29) −6.2 6.2 −0.6 −6.8 5.6 −4.0 3.6 7.6 −4.0 2.9 6.9 13 13 100

3 No (p < 0.001) −3.9 3.9 −1.7 −5.6 2.2 −7.6 0.6 8.2 −5.8 0.5 6.2 20 21 95

BL, body length; HC, head circumference; CrV, cranial volume; ME, measurement error; PrSc, PreemieScanner; Tape, measuring tape.
aShapiro–Wilk test for normality.
bCorrected relative to the median/mean deviation.
cNumber of measurement errors, out of all measurements, that lie within the corrected precision limits.
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within clinically acceptable precision limits, which were set

according to the smallest expected weekly growth of a P50

preterm infant.

In terms of scan success, integrating PreemieScanner scan

sessions with routine care is clinically feasible, with 100% success

in measuring BL and HC, and 80% success for CrV. Regarding

clinically sufficient precision for weekly measurements, 93% of

CrV measurements, 91% of HC measurements, and 40% of BL

measurements fell within the defined precision limits. Notably,

for HC, the PreemieScanner outperformed the currently used

TABLE 5 Overall accuracy for body length, head circumference, cranial volume, of measurements conducted with PreemieScanner and standard
measuring tape. Grouped by Optiflow tubes guided to front or back. For body length no split-up is made for Optiflow Front/Back, as Optiflow
method does not influence length measurements.

Optiflow method

Median or mean measurement error for all dolls combined [%]

Length [%] p-valuea HC PrSc [%] p-valuea HC Tape [%] p-valuea CrV [%] p-value
Optiflow Front −3.3 <0,001 0.0 0,63 −0.8 <0,001 −1.8 0,01

Optiflow Back −0.4 0,91 −1.1 <0,001 −1.3 <0,001

HC, head circumference; CrV, cranial volume; PrSc, PreemieScanner, Tape, measuring tape.
aT-test if normally distributed, Wilcoxon signed rank test if not.

FIGURE 10

Data plot of BL measurement errors (MEs) for each doll. The MEs represent the deviation of BL measurements from the ground truth (GT) values,

expressed as a percentage of the GT. Each doll’s MEs are plotted individually, with precision limits corrected relative to the doll’s mean or median

ME. MEs within these limits, highlighted by a grey box, are clinically acceptable for weekly growth monitoring. Additionally, a red line indicates the

overall accuracy represented by the combined mean or median ME for all three dolls. Because the Optiflow attachment method (Front or Back)

did not affect BL measurements, data from both methods are combined and presented as a single group.
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measuring tape in both precision and accuracy. For

PreemieScanner HC measurements, in addition to high precision,

the mean/median measurements did not significantly differ from

the GT, making them highly accurate for clinical use. Detailed

findings are discussed by topic below.

5.1 Success rate of scan sessions

In our study, the success rate of scan sessions was 100%

for measuring BL and HC, and 80% for measuring CrV, all of

which we consider sufficient for clinical use. In contrast, the

FIGURE 11

Hc measurement errors (MEs) for both the PreemieScanner and the measuring tape method for each doll, for Optiflow front and back. The plot

superimposes the precision limits per doll, corrected relative to the mean or median. MEs within these limits are considered clinically acceptable.

Additionally, a red line indicates the overall accuracy represented by the combined mean or median for all three doll.
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MONITOR3D validation study (30) reported a scan success rate of

45%, which we considered too low for clinical use. For further

comparison, Andrews et al. conducted a similar study measuring

HC and BL of preterm infants using a 3D camera, reporting a

success rate of 76% (43).

The 20% missing CrV measurements were all caused by

“invalid 3D merges”. This means that all of four merge attempts

resulted in a 3D image with large deformations, not present in

the real doll’s head, caused by missing 3D data in the capture.

Interestingly, these deformations would only result in biased CrV

but would not influence HC. In future research, we could

calculate CrV from the invalid merges, to see if we can find

other 3D postprocessing methods that still can cope with missing

3D data in a valid way, resulting in reliable merged heads. For

this study this fall outside our scope.

5.2 Measurements within precision limits

Regarding clinically sufficient precision for weekly

measurements, 93% of CrV measurements, 91% of HC

measurements, and 40% of BL measurements fell within our set

precision limits. Unfortunately, this performance cannot be

directly compared to that of the PreemieScanner’s predecessor,

MONITOR3D, as usability in that study was not expressed as

“percentage within precision limits”. However, we can compare

the performance of PreemieScanner and MONITOR3D using the

MME for accuracy and the 95% reference intervals for precision.

In these comparisons, all values favor PreemieScanner,

particularly for HC. Specifically, for HC, the absolute MME

(accuracy) and the 95% interval (precision) as percentages of the

GT were 0.6/2.9 for MONITOR3D, compared to 0.2/1.7

PreemieScanner. For CrV, the values were 2.3/10.8 for

MONITOR3D, vs. 1.5/10.7 for PreemieScanner.

The neonatologists involved in this study emphasized that, for

growth monitoring, the curve of the measured values (including

measurement errors) should closely align with the curve of the

actual values. Achieving this requires small error intervals,

meaning narrow precision limits. The proximity of the measured

curve to the true curve is considered more important than the

position of the measured curve relative to the true percentile

reference curve, which is determined by the accuracy of the

instrument. This concept is visualized using fictive plots in

Supplementary Materials Data Sheet 2—Accuracy and Precision.

For this study, we set the precision limits of the measuring device

to match the smallest anticipated weekly growth. This prevents the

odd situation that “shrinkage” is recorded, when in fact normal

growth is occurring. Determining these precision limits is somewhat

arbitrary, as there are no established clinical or engineering

standards for measuring instruments to serve as a reference.

When examining the specified accuracy (expressed as the +/−
error margin) of commercially available medical measuring

instruments from well-known manufacturers, we observe

relatively large error margins. For example, a BL measuring

FIGURE 12

Crv measurement errors (MEs) per doll, separated by Optiflow front and back positions. Precision limits, corrected relative to each doll’s mean or

median, are superimposed on the plot. MEs within these limits are considered clinically acceptable. Additionally, a red line represents the overall

accuracy, indicated by the combined mean or median for all three dolls.
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device for infants document lists an accuracy of +/− 1 cm (44), and

a neonatal HC measuring tape claims an error margin of +/−
0.5 cm (45).

Our precision limits were based on BL, HC, and CrV weekly

growth velocities, aggregated from various data sources identified

for this study. The BL and HC growth data, supported by

sufficient sources, can be considered representative of a large

portion of the preterm population. However, for preterm CrV

data, only two sources were identified, with sample sizes of

n = 26 and n = 1,703 (28, 29).

We identified one other study that measured preterm BL and

HC using 3D technology and used the error interval as an

indicator of clinical usability (43). The authors presented Bland-

Altman plots with 95% limits of agreement ranging from +2.1 to

−1.8 cm, noting that “… such a difference is likely to be

clinically important, leading to mis-allocation of the correct

growth percentile, especially in smaller infants”.

5.3 Smallest detectable change

The SDC values, in addition to the percentage of measurements

within set precision limits, provide insight in the clinical usability of

the device, as estimate of the minimum change the device can

confidently observe (with 95% certainty) as a real difference, and

not due to measurement error alone. The SDC values were directly

compared to the absolute smallest weekly increases, used to set our

precision limits: 0.8 cm for BL, 0.6 cm HC, and 24 ml for CrV. The

SDCs as proportion of expected smallest weekly growth are in line

with the percentages of measurements within limits, which is not

remarkable, as the computational approach is similar.

5.4 Head circumference measurement
compared between measuring tape and
PreemieScanner

The PreemieScanner outperforms the measuring tape in both

precision and accuracy. Additionally, the PreemieScanner is

expected to be less stressful for infants compared to the

measuring tape, making it a more preferable option. For the

Optiflow Back, the measuring tape’s precision is notably lower

than Optiflow Front. This outcome was anticipated, as the tubes

on the back of the head make it difficult to wrap the tape closely

around the head. Remarkably, the PreemieScanner HC Optiflow

Back measurements show no significant reduction in precision or

accuracy compared to PreemieScanner HC measurements with

Optiflow Front. This could be attributed to the Poisson mesh

reconstruction in the calculation script, which smooths out

extending artefacts, along with the script’s definition of the

largest section above the ears for HC measurement.

In our method we compared both PreemieScanner and

measuring tape to the ground truth. A direct comparison of

PreemieScanner to measuring tape, as new technique vs. gold

clinical standard, is available in Supplementary Materials Data

Sheet 2—Direct comparison of Measuring Tape to PreemieScanner.

5.5 Body length

BL measurements had the lowest accuracy and precision, with

only 40% falling within precision limits. For all dolls, most

measurements were lower than the GT. Suspected cause for low BL

accuracy and precision is lacking 3D data, especially in the crotch

and feet regions, which can be attributed to the camera positions

and their resulting field of view. Additionally, because the feet rest

on a soft blanket or matrass, the 3D image tends to blend the feet

and the surface, making it hard to distinguish the end of the heel

from the blanket. Given the constraints of measuring a curled-up

infant lying in the incubator through a transparent cover, achieving

an absolute precision limit of +/− 4 mm—relative to a BL of

approximately 300 mm—is technically challenging. A systematic

device related error may may also have contributed to the

inaccuracy, although our technical verification with phantom

objects demonstrated high accuracy within 1 mm. A sixth camera,

pointed at the crotch, positioned on the angled part of the

transparent incubator could add more 3D data, especially of the

crotch, knee and heel. Future studies should investigate this.

However, adding an extra camera, at that position, would make the

device a lot bigger. And compactness and light weight is a critical

success factor for practical implementation into standard NICU care.

Neonatologists involved in this study argued that, despite only

40% of BL measurements meeting our precision criteria, the

PreemieScanner can already be regarded a preferable technique

to the current caliper technique due to its stress-free

measurement process. We did not evaluate the caliper technique

in our study, which is a limitation. The reason for this omission

was using a caliper requires straightening the leg—which could

not be realistically simulated with the dolls.

5.6 Comparing measurements against
ground truth values

Using dolls instead of real patients allowed us to compare

measured values against accurately defined GT values, which we

consider a strength of this study. Obtaining accurate GT values

for real ELWB infants within ethical standards is nearly

impossible. For this reason, most studies assessing 3D body size

measuring techniques with real patients compare a novel

technique with an existing “gold standard” technique (46).

However, comparing a novel technique solely to an older one

without accurate GT values is debatable—good correlation of the

new technique with the older one does not necessarily indicate

how close the measurements are to true GT values, of either the

new or old technique. In other words, two very inaccurate

devices could perfectly correlate with each other. Therefore, our

method focused on direct comparison of measurement values

relative to the true ground truth values, as this would give the

most objective assessment of accuracy and precision. To comply

with the approach of comparing a new device to the old, we add

the direct comparison of HC measurements done with the

standard measuring tape, and the PreemieScanner as a supplement.
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Although we could accurately measure the dolls’ GT values

using an advanced medical scanner, achieving 100% accuracy

was impossible. The clinical 3dMD head system scanner we used

had a stated accuracy of 0.2 mm, according the manufacturer.

Additionally, there was some interrater variability in placing

landmarks for BL and HC/CrV measurements. To minimize this,

we averaged the (x, y, z) coordinates from 12 sets of landmarks:

four raters, each providing three sets.

5.7 Integrating scan sessions into routine
care

Integrating stress-free, “all-in-one-go” Bl, HC, and CrV

measurements into routine care for ELBW infants in incubators is

a notable advantage of the PreemieScanner. During the scan

sessions, most nurses indicated that the PreemieScanner was

expected to be less stressful for infants compared to the HC

measuring tape and significantly better than the BL measuring caliper.

5.8 CrV as longitudinal preterm growth
parameter

A key clinical advantage of the PreemieScanner’s measuring

technique is the potential to use CrV as a longitudinal growth

parameter for ELBW infants. The clinical value of CrV as a

growth metric is comprehensively discussed in the study

validating the MONITOR3D scanner (30).

5.9 Preemiescanner workload and costs

For successful implementation of a new technique such as the

PreemieScanner, besides clinical reliable measurements, workload

and device costs compared to currently used devices should be

regarded. In our study the 3D postprocessing was done by

researchers, who needed about 10 min for a merge and

calculation session for one doll. Postprocessing preferably should

be done by one person only, by nurses specially trained and

intercalibrated for the task. A training session to learn to use the

scanner could be done in 3–4 h.

Regarding hardware costs, The prototype used for this

validation study has a bill of materials of roughly 5,000 euro.

However, this does not include working hours for hand

building the prototype, developing the software, and other

development costs. If a commercial party would elaborate the

PreemieScanner into a commercially available medical device,

complying with EU CE MDR/FDA certification, the costs

might increase.

5.10 Future studies

Future studies should aim to validate the PreemieScanner with

real NICU patients. Such studies should focus on collecting

longitudinal growth data, particularly CrV, from admission to

the end of the NICU stay for a cohort of patients. The study

design should prioritize patient safety, specifically examining how

to plan and execute the three necessary head position changes

within routine nursing shifts without disturbing the infant. The

study should include adequate nurses’ training for performing

the scan session, placing landmarks on the 3D image, and 3D

postprocessing. To make the device more suitable for such

studies, further optimization of its weight, materials, and

compactness is recommended. Considerations should include

improving the ability to clean the device.

6 Conclusions

At the time of writing, the PreemieScanner is the world’s first

3D technique capable of measuring BL, HC, and CrV in even the

smallest ELBW preterm infants confined to incubators. Scan

sessions can be seamlessly integrated into routine nursing care

without causing additional disturbances to the infant. The HC

measurements demonstrated high accuracy and precision,

outperforming the current measuring tape technique in both

aspects, with minimal disturbance to the infant. Its usability

for CrV—with 93% of measurements falling within precision

limits—is promising, especially considering that this technique

could serve as the foundation for establishing longitudinal CrV

growth reference charts for ELBW infants. This advancement has

the potential to significantly enhance growth monitoring for

preterm infants worldwide.
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