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Overview

IBEX Bone Health (IBEX BH) is a CE certified medical device software. The purpose of IBEX BH is to
return a measure of aBMD and T-score from a standard DR of the forearm/wrist within automatically
selected regions of interest (ROIs) at the Ultra Distal Radius and the 1/3 Distal Radius examination sites.

IBEX BH returns the same outputs of aBMD and T-Score at the examination site as those returned by
dual-energy x-ray absorptiometry (DXA), the current WHO standard for diagnosis of osteoporosis. These
outputs may be used by a qualified healthcare professional to support a decision on the diagnosis, referral
treatment or therapy of bone health.

Instructions for use of the IBEX Bone Health software are separated by topics relevant to the user.

The end users manual (this document) provides an overview of the intended use as well as information on
the indications for use, contraindications, suggested use cases, and limited troubleshooting advice. All of the
information needed by the end user for safe and effective use of the product, including background on the
technical basis and clinical validation of the product is provided in this manual.

The service manual (IBX PRD SOP 003) provides guidance to the engineer on how to configure the product for
use. The instructions include details on licensing, system calibration, settings optimisation, and troubleshooting.
Engineers should familiarise themselves with the contents of the end users manual so they have a good
understanding of how the product will be used.

The integration manual (IBX PRD SOP 004) is intended for developers integrating IBEX BH into OEM
systems. Guidance on hardware requirements, API use, and system optimisation is provided. Integrators
should familiarise themselves with both the service manual and the end users manual for a complete
understanding of the product and its use.
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Revision History

Starting from IBEX BH v1.5.0 the instructions for use will be split into three manuals; one each for end users,
service engineers, and integrators. To ensure consistency across all versions of the product, vendor-specific
IFUs have been merged into a single set of documents describing the configuration and use of IBEX BH. For
traceability purposes, the revision histories for previous versions of the manuals are shown below.

Revision Date Comment Initials

1 2024/01/26 First release IFU for IBEX Bone Health v1.1 BL

2 2024/03/08

IFU for IBEX Bone Health v1.2 including customer feedback
and error corrections from the first version; clarification of user
responsibilities and activities; additional information on errors
and warnings; additional information on system configuration
including output configuration and licensing; removing the kV
offset setting; adding information on deep learning components.

DJ

3 2024/05/22

IFU for IBEX Bone Health v1.3 including calibration workflow
simplification; updated default aBMD normative data; new
APIs for flushing pipeline and deleting records; new settings for
licensing configuration, report configuration, and HTTP request
size limit; minor additions to the licensing status API; updated
screenshots to the latest interface.

DJ, CS

v1.3rev2 2024/05/29
Corrected information in [Production and Service Engineers]
Section 2.2.6.4 on the management of the “calibration QA
mode” setting.

CS

v1.3rev3 2024/06/13

Added instructions for native integrations. Added
documentation for new settings on report configuration
(rotation and clip). Added recommendations on password
storage and sharing. Clarify that passwords may only contain
ASCII characters.

CS

v1.4rev1 2024/12/11

Added documentation for new settings on report configuration
(scaling and version label). Added description of new error code
E210. Added details on the training and testing of deep learning
elements of the product, and other minor edits.

CS, DJ

Table 1: Instructions for Use IBEX Bone Health (AGF 01 PRD SOP 004; DISCONTINUED).
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Revision Date Comment Initials
0.1 2024/02/14 First release IFU for IBEX Bone Health v1.1 BL

v1.3rev1 2024/06/13

IFU for IBEX Bone Health v1.3 including customer feedback
and error corrections from the first version; clarification of user
responsibilities and activities; additional information on errors
and warnings; additional information on system configuration
including output configuration and licensing; removing the kV
offset setting; adding information on deep learning components.
Also including calibration workflow simplification; updated
default aBMD normative data; new APIs for flushing pipeline
and deleting records; new settings for licensing configuration,
report configuration, and HTTP request size limit; minor
additions to the licensing status API; updated screenshots to
the latest interface. Corrected information in [Production and
Service Engineers] Section 2.2.6.4 on the management of the
“calibration QA mode” setting. Added instructions for native
integrations. Added documentation for new settings on report
configuration (rotation and clip). Added recommendations on
password storage and sharing. Clarify that passwords may only
contain ASCII characters.

DJ, CS

v1.3rev2 2024/05/29
Corrected information in [Production and Service Engineers]
Section 2.2.6.4 on the management of the “calibration QA
mode” setting.

CS

v1.3rev3 2024/06/13

Added instructions for native integrations. Added
documentation for new settings on report configuration
(rotation and clip). Added recommendations on password
storage and sharing. Clarify that passwords may only contain
ASCII characters.

CS

v1.4rev1 2024/11/15

Added documentation for new settings on report configuration
(scaling and version label). Added details on use of IBEX BH
in a mammography setting, details on the training and testing
of deep learning elements of the product, and other minor edits.

CS, DJ

v1.4rev2 2024/12/11
Added documentation for new settings on report configuration
(bone edges scaling). Added description of new error code E210.

CS

Table 2: Instructions for Use IBEX Bone Health (MET 01 PRD SOP 001; DISCONTINUED).

Table 3: Instructions for Use IBEX Bone Health, End Users Manual (this document).

v1.5rev1 2025/03/03

IFU for IBEX Bone Health split into three documents (end users
manual, service manual, and integration manual). Document
links updated. Added new error/warning codes (new in
v1.5.0): W211, E503, E601, E602, E603, E604. Expanded the
troubleshooting information in Section 3.2 and made it more
relevant to the end user.

CS, DJ,
BL

Revision Date Comment Initials

Continued on next page
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Table 3: Instructions for Use IBEX Bone Health, End Users Manual (this document). (Continued)

v1.5rev2 2025/04/30

Additional information provided in the document overview.
Clarifications and additional context provided in Section
1. Adding references to hand exposures and removing
references to forearms where appropriate. Text in Section
1.3 updated to match the Intended Use for IBEX BH
in the EU Quality Management Certificate (Manufacturer
number GB-MF-000029305, ID: 1000165192, Effective date:
2024-02-22). Clarifications and additional context provided in
Section 2.

DJ

v1.6rev1 2025/06/20

Mentioned bone density image as an alternative output image.
Added warning against use of secondary capture image for
diagnostic purposes. Added documentation for additional
warning codes.

CS, DJ

v1.7rev1 2025/10/06

Reworded Section 1.6 to explicitly list all supported protocols
and applications, both standard and experimental. Correct
the range of supported SID. Reworded Section 1.7 to more
clearly separate contraindications from cautions, and emphasize
that any fracture in the ROI is contraindicated, as well as the
presence of large absorbers in the open beam. Reworded Section
3.1.2 and added Section 3.1.3. Added Section 1.8 and Appendix
4.4 to describe the clinical interface (new in v1.7.0). Added new
error/warning codes (new in v1.7.0): E212, E213, E214, E215,
E216, W308, E701, E702, W703, E704.

CS, DJ,
BL

v1.8rev1 2026/01/08

Updated the minimum radius length from 5 to 6cm for wrist
and hand protocols. Documented new settings for copy of
additional DICOM tags, clipping of bone edges, watermark
labels (not for diagnostic use, and source of normative data),
and error/warning labels. Expanded Section 4.4.3 to describe
the highlighting of modified settings. Added instructions on
how to change the clinical interface password (Section 4.4.2).
Updated Section 4.4.8 with CSV as the default output format for
analytics queries. Added new experimental application “Bone
Health for Bilateral Hands”. Added new error/warning codes
(new in v1.8.0): W217, W218, E219, W309, E310, E311, E312,
E313, E314, E315, W316, E317, W318, E319, E320. Retired
W202, E301, W302. Extended Section 2.4 to include more detail
on how the normative data was assembled and validated. Added
Section 2.5. Section 2.6 was edited for brevity and to remove
duplicated information.

CS, DJ,
BL, BC,
RmC

Revision Date Comment Initials
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Terms and Definitions

Term Definition

Application

A defined use case for the IBEX BH product. The product
currently supports the processing of wrist X-rays as standard.
Hand X-rays may also be processed but extra clinical vigilance is
advised (see Section 1.6).

Bucky
The platform or breast plate on which the arm is placed for wrist
X-rays in the mammography application

Central
Osteoporosis

An individual with a measured T-score ≤ −2.5 at the femoral
neck or lumbar spine is defined as having central osteoporosis.

Customer/End
User

Clinical end user or medical physicist — responsible person.

Fingerprint The set of images used to produce calibration files by IBEX.

Fingerprinting
The process of collecting the set of images used to produce
calibration files by IBEX.

IBEX Engineer or other appropriate personnel appointed by IBEX.

Integrator
Software engineer, applications engineer or other personnel
appointed by the system manufacturer to integrate IBEX BH into
their products and develop appropriate workflows.

Mammography
application

A variant of the IBEX BH product adapted for the analysis of
wrist X-rays taken on standard mammography equipment.

Protocol

The combination of system configuration and exposure parameters
which determine the output image quality and suitability for use
in IBEX BH applications. The protocol includes attributes such
as detector type, beam quality (source type, kVp and filtration),
system geometry (source to imager distance, object to imager
distance) and other system characteristics.

Service Engineer
Production, service, or other appropriate personnel appointed by
the system manufacturer to configure and support an integrated
version of the product.

Short Form Health
Check

A quality assurance measure for determining the suitability of a
system for IBEX BH.

T-score

Score created by comparing the patient’s bone density to the
average bone density of a healthy population of the same sex
between 20 and 30 years of age. A score of 0 indicates normal
bone health, and a score of −1 indicates bone health lower than
the norm by one standard deviation. Osteoporosis is typically
indicated by a score lower than −2.5 at the neck of femur.

Working hours

Core IBEX working hours are Monday through Friday from 10am
- 5pm CET. Response times outside of these hours cannot be
guaranteed but special arrangements for out of hours support can
be made by prior arrangement if necessary.
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Abbreviations

Abbreviation Meaning

AET Application Entity Title

AP Antero Posterior

API Application Programming Interface

aBMD areal Bone Mineral Density

AUC
Area Under the Curve in a receiver operating characteristic
curve - a representation of the sensitivity and specificity of a
measurement.

BH Bone Health

CPU Central Processing Unit

DICOM Digital Imaging and Communications in Medicine

DP Dorsi-Palmar

DR Digital Radiograph

DXA Dual-energy X-ray Absorptiometry

FRAX Fracture Risk Assessment Tool

GPU Graphics Processing Unit

HTML HyperText Markup Language

HTTP HyperText Transfer Protocol

IBEX BH IBEX Bone Health

IP Internet Protocol

JSON JavaScript Object Notation

LOA Limit of Acceptance

NHS National Health Service

NICE National Institute for Healthcare and Excellence

NoF Neck of Femur

OEM Original EquipmentManufacturer

PA Posterior Anterior

PACS Picture Archiving and Communication System

PII Personally Identifiable Information

PMMA Polymethyl Methacrylate

QA Quality Assurance

RAM Random Access Memory

RMSE Residual Mean Squared Error

ROC
Receiver Operating Characteristic curve - a representation of the
sensitivity and specificity of a measurement.

ROI Region Of Interest

SCP Service Class Provider

SCU Service Class User

SDK Software Development Kit

SFHC
Short Form Health Check - a quality assurance measure for
determining the suitability of a system for IBEX BH

SID Source-to-Image Receptor Distance

SOP Service Object Pair

TD Distal-third

UD Ultra-distal

UDI Unique Device Identifier

UK United Kingdom

WHO World Health Organisation

WSL2 Windows Subsystem for Linux version 2
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1 CLINICAL USE OF IBEX BH

1 Clinical Use of IBEX BH

1.1 Background to Osteoporosis

Osteoporosis is a disease characterised by low bone mass and structural deterioration of bone tissue. The
official World Health Organisation (WHO) definition of osteoporosis is a T-score of less than −2.5 at the
femoral neck [1] which is determined by conducting a DXA scan of the pelvis.

The consequence is an increase in bone fragility and susceptibility to fracture. Osteoporosis leads to nearly
9 million fractures annually worldwide [2], and over 300, 000 patients present with fragility fractures to
hospitals in the UK each year [3].

Fragility fractures result from mechanical forces that would not ordinarily result in fracture, known as
low-level (or “low-energy”) trauma [4]. The WHO has quantified this as forces equivalent to a fall from a
standing height or less. Reduced bone density is a major risk factor for fragility fracture. Other factors that
may affect the risk of fragility fracture include the use of oral or systemic glucocorticoids, age, sex, previous
fractures and family history of osteoporosis [5]. Because of increased bone loss after the menopause in women,
and age-related bone loss in both women and men, the prevalence of osteoporosis increases markedly with
age, from 2% at 50 years to more than 25% at 80 years in women [6]. As the longevity of the population
increases, so will the incidence of osteoporosis and fragility fracture.

Osteoporotic fractures are defined as fractures associated with low bone mineral density and include spine,
forearm, hip and shoulder fractures. Osteoporotic fragility fractures can cause substantial pain and severe
disability, often leading to a reduced quality of life, and hip and vertebral fractures are associated with
decreased life expectancy. Hip fracture nearly always requires hospitalisation, is fatal in 20% of cases and
permanently disables 50% of those affected; only 30% of patients fully recover [7]. The direct medical cost
of fractures to the taxpayer is £4.6 billion per annum [8].

A number of risk assessment tools are available to predict fracture incidence over a period of time, and these
may be used to aid decision making (e.g., FRAX, QFracture; [6]). These tools are limited in that they may
not include all risk factors, or may lack details of some risk factors. Tools are dependent on the accuracy of
the epidemiological data used to derive them and tools validated in other populations may not apply to the
patient demographic.

Fracture risk prediction tools are underutilised, mainly because primary care practitioners have insufficient
time with their patients to make effective use of them. The Royal Osteoporosis Society ’Stop at One’ survey
suggested that 1 in 5 women who break a bone will suffer 3 or more fractures before being diagnosed [9].

IBEX Bone Health (BH) is designed to help clinicians identify these patients, ideally before a first fracture
occurs, by automatically highlighting those most at risk. Based on findings from IBEX BH, clinicians can
refer patients for further assessment and ultimately treatment to reduce their fracture risk. It is important to
note that an indication of poor bone health at the wrist is not sufficient to diagnose osteoporosis. However,
this objective measurement offers greater clinical confidence in referring for a diagnostic test than subjective
assessments of bone health from radiographs [10].

1.2 Introduction to IBEX Bone Health

IBEX Bone Health (BH) provides an automated bone health assessment through analysis of standard digital
radiographs (DRs). Developed for compatibility with wrist X-rays, the software provides a measure of areal
Bone Mineral Density (aBMD), which is measured in units of grams per square centimetre (g cm−2), and
T-score (see Section 2.4), which is an indication of bone mass relative to a healthy population. T-score
is calculated as the number of standard deviations a patient’s bone mass is from a sample of the normal
healthy (normative) population. The measures are provided at the ultra-distal (UD) region and, optionally,
the distal-third (TD) region if it is present in the image. The software is designed to produce measures
comparable to a Dual-energy X-ray Absorptiometry (DXA) forearm scan, which is currently the reference
standard for measuring aBMD at the UD and TD regions [11].

The general characteristics of the IBEX BH aBMD estimate are as follows:

10 IBX PRD SOP 002 v1.8rev1



1.2 Introduction to IBEX Bone Health 1 CLINICAL USE OF IBEX BH

1. Insensitive to clinical variations in capture conditions (see Sections 1.6 and 1.7).

2. Well correlated to DXA forearm aBMD (see Section 2.1).

3. Reference databases are available (see Section 2.4).

The following steps are performed during an IBEX BH analysis:

1. A wrist or hand image containing a UD region is acquired.

2. The Digital Imaging and Communications in Medicine (DICOM) report is sent to the Picture Archiving
and Communication System (PACS).

A typical output report from the software is shown in Figure 1. The orange numbered sections in the figure
are as follows:

1. X-ray image, typically either a copy of the standard diagnostic image sent to PACS or an estimated
bone density image. This image is useful for confirming that the regions of interest (ROI) have been
positioned correctly. It is not intended for assessment purposes (see hazards in Section 3.1.4). Note
that the bone density image may include some soft tissue artefacts (e.g. shadowing near the skin-line).
These do not affect the bone density calculation.

2. Automatic ROI placed at the UD radius, if present. The box indicates the ROI, and the inner lines
denote the bone/soft tissue boundaries. The enclosed area inside these boundaries is the region where
aBMD and T-score are calculated.

3. As 2. but for the TD region. Note that this output will be ignored if the image field of view does not
extend to the TD region.

4. A clear indication (see Section 2.3) of the finding is displayed. In this example, “LOW BONE
DENSITY” is returned if the lowest T-score returned is less than −2.5. The text message and threshold
can be changed to meet local needs.

5. aBMD and T-score for the UD region. Where sex is known, this appears in brackets. Where sex is
not known, the T score values are shown for both men and women so that the clinician receiving the
result can select the correct value. aBMD is the same regardless of sex, meaning that the same value
is provided in all cases.

6. As 5. but for the TD region.

Note that your output may differ in appearance from that shown in Figure 1. Please refer to your system
vendor’s documentation or contact your system vendor for information on site- or system-specific output
formats. If you have been given access to the software’s clinical interface (see Section 1.8), this interface can
be used to adjust the appearance of the output to your preferences.

Note that some outputs may present the bone/soft tissue boundaries for an entire feature of interest. This is
intended to support clinicians in validating the outputs (e.g. checking that the radial bone has been correctly
segmented).

11 IBX PRD SOP 002 v1.8rev1



1.3 Intended Use 1 CLINICAL USE OF IBEX BH

Figure 1: Example IBEX Bone Health output report (configured to display a bone density image).

1.3 Intended Use

The purpose of IBEX BH is to return a measure of aBMD and T-score from a standard DR of the
forearm/wrist within automatically selected regions of interest (ROIs) at the Ultra Distal Radius and the
1/3 Distal Radius examination sites.

IBEX BH returns the same outputs of aBMD and T-Score at the examination site as those returned by
dual-energy X-ray absorptiometry (DXA), the current WHO standard for diagnosis of osteoporosis. These
outputs may be used by a qualified healthcare professional to support a decision on the diagnosis, referral
treatment or therapy of bone health.

1.4 Intended Users

The primary intended end user of the deployed device is a radiographer, radiologist, or other qualified
clinical professional who will use this software to support case finding and diagnosis of osteoporosis. IBEX
BH produces a DICOM output compatible with PACS.

IBEX BH also provides limited functionality for the end user to interact with the device, namely a web
interface for editing selected items of the software configuration, monitoring the status of the software, and
accessing clinical analytics (if enabled). This forms the “clinical interface” (see Section 1.8). This interface
requires user authentication, hence end users will need to request access during commissioning (see Section
4.4.1).

A secondary intended user is a production, field service or support engineer, who needs to configure the
device. IBEX BH provides limited functionality for the secondary intended user to interact with the device,
using an extended version of the clinical interface available to end users. This “engineering and configuration
interface” provides full control over the software configuration and status. Instructions are provided in the
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service manual (IBX PRD SOP 003). This interface requires user authentication and elevated permissions; it
is not intended to be accessible by end users.

Deployment of the device is managed by a software developer (or “integrator”) who is responsible for
integrating the IBEX BH device into an X-ray system or clinical workflow. Instructions are provided in
the integration manual (IBX PRD SOP 004).

1.5 Indications for Use

The use of the IBEX BH software is indicated in the following situations:

1. electively for patients at risk of reduced bone density, where an early indicator of bone health would
enable more efficient clinical decision making, or

2. opportunistically, for patients who have received a compatible X-ray exposure for another purpose.

The intended use population is male or female, 50 years of age or over (see Section 2.1). The software has
also been validated on healthy individuals 20− 30 years of age.

1.6 Supported Applications and Protocols

IBEX BH is applied to single exposures as a post-processing step. It can be configured to operate on
exposures taken for different clinical protocols. In this document, a “clinical protocol” is the set of clinical
parameters that define the exposure. More specifically, this currently includes:

• Exposed body part.

• Body part orientation or view (e.g., AP vs PA).

• Image laterality (e.g., B vs L/R).

For simplicity of use, clinical protocols are grouped into “clinical applications”, which are used to broadly
identify exposures taken with a similar intent and that will be processed.

Applications supported by IBEX BH are defined either as “standard” or “experimental”. Standard applications
have been fully validated and are enabled by default in the software. Experimental applications have not
been fully clinically validated, and therefore there is insufficient data to enable them by default. The list of
enabled applications can be configured by the field service engineer during commissioning, and can also be
configured on site at any time through the clinical interface (see Section 1.8).

The list of supported applications is provided in Table 4 and each application is described in more detail in
the following sections.
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Name Description Type
Bone Health for Wrists Includes the proximal two thirds of the metacarpals

and the ultra-distal forearm, optionally third-distal
forearm. Bone health assessment is performed on
the ultra-distal radius and third-distal radius (if
available). Supported views: AP, PA, and DP. See
Section 1.6.1.1.

Standard

Bone Health for Hands Includes all phalanges, metacarpals, carpals, and the
distal end of the radius and ulna. Bone health
assessment is performed on the ultra-distal radius.
Supported views: AP, PA, and DP. See Section
1.6.2.1.

Experimental

Bone Health for Bilateral Hands Same as “Bone Health for Hands”, but for bilateral
exposures where both hands are in the field of view.
Bone health assessment is performed simultaneously
on both hands. On systems where bilateral
exposures are not tagged differently from unilateral
exposures, this application may be merged with
“Bone Health for Hands”. See Section 1.6.2.2.

Experimental

Table 4: List of clinical applications supported by IBEX BH.

1.6.1 Standard Applications

1.6.1.1 Bone Health for Wrists
The scans must be Posterior Anterior (PA) view, also sometimes referred to as Dorsi-Palmar (DP). Antero
Posterior (AP) images may also be compatible with IBEX BH but validation data is limited so outputs
should be used with caution.

The software is tolerant to typical regional variations in protocol and patient positioning but, for guidance,
the optimal patient presentation for a wrist scan is shown in Figure 1.

In digital radiography (DR) the scan is performed as follows:

• Patient’s elbow flexed at 90 degrees with the forearm and palm placed directly on the detector surface.

• Patient’s hand relaxed with fingers close, but not tight, and slightly flexed so the radius and ulna are
brought closer to the detector surface.

• No wrist rotation — radial and styloid processes equidistant from the detector.

• Vertical central beam centred midway between the radial and styloid processes.

• Image presents the proximal two thirds of the metacarpals, the carpal bones and at least 6cm of the
radius and ulna. Note that, if the TD of the radius and ulna is not contained in the image, the software
will return only a UD bone health score. If the UD region cannot be identified, no bone health score
will be returned and the software will flag an error.

In mammography applications the scan is performed as follows:

• Patient’s elbow flexed at 90 degrees with the forearm and palm placed directly on the bucky near the
front (by the chest wall edge).

• Patient’s hand relaxed with fingers close, but not tight, and slightly flexed so the fingers (distal and
middle phalanges) curl over the edge of the bucky and the radius and ulna are brought closer to the
detector surface.

• No wrist rotation — radial and styloid processes equidistant from the detector.
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• Image presents the proximal two thirds of the metacarpals, the carpal bones and at least 6cm of the
radius and ulna. Note that, if the TD of the radius and ulna is not contained in the image, the software
will return only a UD bone health score. If the UD region cannot be identified, no bone health score
will be returned and the software will flag an error.

1.6.2 Experimental Applications

Experimental applications are disabled by default. Please contact your equipment provider if you wish to
discuss enabling this feature on your system.

1.6.2.1 Bone Health for Hands

Hand protocols generally show all phalanges, metacarpals, carpals, and the distal end of the radius and ulna.
In all other respects they are similar to wrist exposures. Collimation will frequently be set such that the
ultra-distal radius is very close to the collimator edge. Bone health assessments are performed on the UD
radius therefore PA, AP, or DP hand scans will be processed only if the UD radius appears in the field of
view with a minimum radial length of 6cm.

1.6.2.2 Bone Health for Bilateral Hands

Bilateral hand protocols show both hands in the same exposure, with the same characteristics and limitations
as for unilateral hand protocols (see Section 1.6.2.1). Scans will be processed only if both hands meet the
required conditions for analysis and the two hands do not touch or overlap.

1.6.3 Imaging Protocols

All IBEX BH functions require an accurate calibration of the software to the X-ray system over a predefined
set of protocols. This will be provided by the system vendor. IBEX BH must not be used on a system (or
system setup) that falls outside of the calibrated regime.

For DR systems in wrist or hand applications the standard supported protocols are as follows:

• Free exposure without an anti-scatter grid and without additional source filtration.

• Straight tube without angulation.

• Source-to-image receptor distance (SID) between 90 cm and 120 cm.

• X-ray beam energy between 50 kVp and 60 kVp.

• X-ray exposure setting between 2mAs and 4mAs.

Consult your system provider if your standard protocols fall outside of this range.

For mammography systems in wrist applications a single protocol will generally be provided within a range
defined as follows:

• X-ray beam perpendicular to the floor in standard breast screening mode (typical cranio-caudal
geometry).

• X-ray beam quality as defined by the system integrator (typically 45 kVp with 0.5mm aluminium filter
but other energies and filters are supported).

• X-ray exposure setting as defined by the system integrator (typically 5mAs).

• Anti-scatter grids removed.

• Breast compression paddle in the upper (rest) position, typically approximately 15 cm above the bucky.
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1.7 Contraindications and Cautions

1.7.1 Contraindications

The software has been validated for use on specific patient demographics (see Section 2.1). Performance on
patients outside of this demographic is untested and results should be interpreted with caution.

In particular, the use of the IBEX BH software is explicitly contraindicated in the following situations:

• Patients who have sustained a fracture that is visible at all available regions of interest (a fracture at
just one site may still provide a usable measure at another site).

• Patients with casts, splints, implants or other radio-opaque objects in the image, with the exception
of finger rings and left/right markers.

• Images taken with large absorbers in open beam (except L/R markers; e.g., sand bags).

• Patients under 20 years old (who generally do not have a fused distal radius).

• Images taken with an anti-scatter grid.

• DR images with a non-zero object-to-detector distance (the body part must be flat on the detector).
In mammography the body part must be flat on the bucky.

• For wrist, hand, or forearm exposures: images where the ulna overlaps the UD radius (for example, a
lateral or oblique scan of the wrist).

Figure 2: Comparison of ultra-distal (UD) and radial third (TD) T-score for exams with fractures in the UD
region and those without fracture. There is a statistically significant increase in T-score at the UD region
and a suspected decrease in T-score at the TD region when a fracture has occurred.

If the software is able to detect that data being processed falls under the defined contraindications, an error
will be raised and processing will abort. These automated controls are implemented on a best effort
basis and do not replace explicit checks by the operator or clinician.
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1.7.2 Cautions

Software performance testing and clinical validation is underway for the following use cases:

• Patients under the age of 50. Note: patients between 20 and 30 have been validated [12].

• Patients with a non-displaced fracture in the ROI being used for decision support. If a non-displaced
fracture is present in a region of interest, the aBMD will increase compared to a non-fractured region
(see Figure 2). The TD region could still be used if available.

• Patients with historic forearm fractures, particularly within the ROI being used for decision support.
ROIs that include a previous fracture are likely to provide misleading T-score results due to higher
local bone density around the previous fracture site [13].

• Patients with clothing, jewellery or other items that cause an artefact within the image.

• Images with other views where an adapted technique is required.

• Patient images taken on mammography systems.

If the software is able to detect that data being processed falls under the above situations, a warning will
be raised and processing will continue. These automated controls are implemented on a best effort
basis, and do not replace explicit checks by the operator or clinician.

1.8 Clinical Interface

While the primary interface with IBEX BH for clinicians is the output secondary capture DICOM, the
software also provides a limited interface for end users to interact with the device. This is the “clinical
interface”. Details on how to access this interface are provided in Appendix 4.4.1. If you have been given
access to this interface, including the necessary credentials to log into the interface, you will be allowed to:

• Configure the demographic filter (see 1.8.1).

• Configure the referral threshold (see 1.8.2).

• Configure the aBMD normative data (see 1.8.3).

• Configure the enabled clinical applications (see 1.8.4).

• Configure the appearance of the output (see 1.8.5).

• Configure the tagging of the output DICOM (see 1.8.6).

• Configure and access clinical analytics (see 1.8.7).

• Access system status for troubleshooting (see 1.8.8).

Consult your system provider if you have not been given access to the clinical interface and would like to
reconfigure the device away from the default settings.

1.8.1 Demographic Filter

By default, IBEX BH will process all patients aged 50 and over. This is the demographic for which assessment
of osteoporosis is recommended.

The device can be configured to alter the target demographic, either by extending it to younger patients,
or by narrowing it down to a more specific age range and/or sex. Please refer to Sections 2.2 and 2.3 for
clinical background. There are multiple reasons why adjusting this setting may be necessary:

• To better reflect local guidelines. For example, UK NICE guidelines recommend assessing fracture risk
for women aged 65 and above and men aged 75 and above only, unless there are additional clinical risk
factors present.
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• As a means to control referral rates by focussing on high-risk populations. For example, if the default
filter produces more referrals than can be handled by downstream resources, choosing a different filter
targeting the most at-risk patients can bring the referral rates down to manageable levels.

The demographic filter setting is available under the “Configuration” page, in the “Processing settings”
section, and is labelled as “Demographic filter expression”. Generic instructions on how to use the configuration
web page are available in Appendix 4.4.3, and more specific instructions on how to configure this setting are
available in Appendix 4.4.5.

1.8.2 Referral Threshold

By default, IBEX BH will flag patients for referral to DXA if their T-score is lower than −2.5 in any of
the detected ROIs. This threshold can be configured to control referral rates; see Section 2.3 for additional
details on intervention thresholds. Please refer to Sections 2.2 and 2.3 for clinical background.

The corresponding setting is available under the “Configuration” page, in the “Reporting settings”, and is
labelled as “T-score threshold for osteoporosis”. Generic instructions on how to use the configuration web
page are available in Appendix 4.4.3, and more specific instructions on how to configure this setting are
available in Appendix 4.4.7.

1.8.3 Normative Data

The T-score produced by IBEX BH is computed by comparing the measured aBMD of the patient against
the expectation for a “normal” population at the given ROI and for a given patient sex. This is the aBMD
normative data; see Section 2.4 for details. IBEX BH comes pre-configured with default normative data
which is appropriate for the UK population (see Figure 19).

Warning: Changing the normative data will affect referrals. Please seek advice from your
equipment provider before modifying this setting. If this setting is changed to a non-default value,
this will be noted on the output secondary capture.

The normative data is available under the “Configuration” page, in the “aBMD Normative Data” section.
Generic instructions on how to use the configuration web page are available in Appendix 4.4.3.

1.8.4 Enabled Clinical Applications

IBEX BH will be configured to support a range of clinical applications, or clinical protocols. See Section 2.2
for details.

Controls are available to enable or disable specific applications. There are several reasons why this may be
necessary:

• Experimental applications are disabled by default. If processing exposures from the associated clinical
protocols is desirable, then the corresponding application must be turned on.

• Experimental applications require close clinical supervision. If the “experimental” results are unsatisfactory
or generally not useful, processing for these protocols can be disabled.

The controls to enable and disable clinical applications are available under the “Calibration” page, in the
“Installed Package” section, and are listed in the box labelled “Available Clinical Applications”. Instructions
on how to use these controls are available in Appendix 4.4.6.

1.8.5 Output Appearance

The default appearance for the output from IBEX BH is shown in Figure 1. The pre-configured text has
been suggested by clinicians in the UK but can be changed to meet local needs.

The following items are configurable:
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• All displayed text. This can be adjusted to better match local preference, including to translate the
output to languages other than English.

• The relative sizes and white level of all elements. These can be adjusted to produce a more readable
or pleasing output, depending on the displays available on site.

• Which X-ray image to show as background of the report.

• Whether or not images are rotated and cropped.

• Whether and how to display watermarks for specific warnings.

All these settings are available under the “Configuration” page, in the “Reporting settings” section. Generic
instructions on how to use the configuration web page are available in Appendix 4.4.3, and more specific
instructions on how to configure and validate these settings are available in Appendix 4.4.7.

1.8.6 Output DICOM Tags

The output DICOM created by IBEX BH will be filed under the same study as the primary exposure, but
filed into a new series. The software will automatically select the parameters of this series.

Some settings are available to control how these parameters are chosen, namely, the series number and the
series description. These parameters are known to influence the ordering of exposures when displayed in
PACS, therefore it may be useful to adjust them so that the IBEX BH output is displayed correctly in PACS.
Please consult with local PACS manager for guidance.

These settings are available under the “Configuration” page, in the “Reporting settings” section. Generic
instructions on how to use the configuration web page are available in Appendix 4.4.3, and more specific
instructions on how to configure these settings are available in Appendix 4.4.7.

1.8.7 Analytics

IBEX BH can be configured to record anonymised metrics for each processed exposure, which can later be
queried for analysis either as individual records or in aggregated form. By default, this recording feature is
turned off.

Example record for a single exposure (in JSON format):

{

"datasets": [

{

"time_min": "2025-09-18T00:00:00.000Z",

"time_max": "2025-09-19T00:00:00.000Z",

"properties": {

"bh.abmd_tdr": null,

"bh.abmd_udr": 0.3421761691570282,

"bh.osteoporosis": false,

"bh.tscore_tdr": null,

"bh.tscore_udr": -1.6705644130706787,

"patient.age_bracket": null,

"patient.id_hash": null,

"patient.info_hash": "cbsG97CP",

"patient.sex": "other",

"patient.study_id_hash": "ij1ET00g"

}

}

]

}

These records are only intended to be used for:
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• Clinical research.

• Performance monitoring.

In particular, these records are not to be used as replacement for an Electronic Health Records (EHR)
system, nor as a backup for such system. All records are anonymized and cannot be traced back to the
patient. Furthermore, the records are only stored locally on the device and are automatically erased after 7
days (this duration is configurable).

Settings are available to control this feature, including enabling/disabling the feature, selecting what data
are recorded, and how long the data are kept on the system. A specific interface can then be used to perform
queries and download the recorded data.

All these settings are available under the “Configuration” page, in the “Analytics settings” section. Generic
instructions on how to use the configuration web page are available in Appendix 4.4.3. The query interface
is then available under the “Analytics” page. Specific instructions on how to configure and use this feature
are available in Appendix 4.4.8.

1.8.8 System Status

Occasionally, exposures sent to IBEX BH for processing will fail. This will still result in an output DICOM;
however, this will not include any bone health results and only indicate that a failure has happened, with a
list of error codes. See Section 3.2 for details.

When the clinical interface is available, additional troubleshooting information can be obtained from the
system by visiting any of the following pages:

• The “Dashboard” page. This page lists all recently processed exposures and provides access to the
complete list of errors and warnings recorded for each exposure. Each recorded error or warning also
comes with additional details which are not otherwise available. Instructions on how to use this web
page are available in Appendix 4.4.9.

• The “Events” page. This page lists all notable events that have been recorded on the system. This
can be useful, for example, to correlate a change in output with a change to the system configuration.

• The “Logs” page. This provides access to the low level logs of the system. These will be very detailed
and therefore challenging to read; the best use will be to share them with customer support when
advised.
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2 Reference Data and Suggested Use Cases

2.1 Performance Compared to Reference Standards

The performance of the IBEX BH software has been published in two papers based on a clinical trial of 261
patients who received PA wrist scans[14], [15]. The performance was compared to the reference standard,
DXA. The patient demographic information is presented in Tables 5 and 6.

µ All (SD) µ O (SD) µ Non-O (SD) T W AUC
Age 70.92 (9.03) 73.88 (8.27) 69.75 (9.12) 3.52 8007.5 0.62

Height 167.93 (9.74) 162.16 (8.41) 170.55 (9.17) -7.20 3509.50 0.75
Weight 72.35 (14.34) 62.57 (11.67) 76.78 (13.21) -8.68 2713 0.81

Table 5: Table of continuous variables split by i) all and ii) osteoporosis (O) defined as T-score ≤ −2.5 at
either left or right ultra-distal region, as measured by DXA. The total number of participants reported in
this table is n = 261 (80 in the Osteoporosis Cohort). The mean (µ) of the group and the standard deviation
(SD) of the group are reported in the first three columns. The test statistics of a t-test (T) and a Wilcoxon
signed rank test (W) for the difference between osteoporosis and non-osteoporotic groups are reported in
the fourth and fifth columns. All t-test statistics and Wilcoxon test statistics were statistically significant
with a p-value < 0.001. The sixth column reports the area under the receiver operating characteristic curve
(AUC) for classifying the osteoporosis group.

Total % n O % O n Non-O % Non-O p-value
Male (No) 144 56.03 70 87.50 74 41.81 < 0.001

Previous fracture (No) 237 92.22 68 85 169 95.48 0.01
Parental hip fracture (No) 220 85.60 69 86.25 151 85.31 0.99

Smoker (No) 254 98.83 79 98.75 175 98.87 1
Glucocorticoids (No) 237 92.22 71 88.75 166 93.78 0.25

Rheumatoid arthritis (No) 246 95.72 76 95 170 96.05 0.96
Secondary osteoporosis (No) 215 83.66 61 76.25 154 87.01 0.05

High alcohol use (No) 227 88.33 76 95 151 85.31 0.04

Table 6: FRAX demographic factors split by i) all and ii) osteoporosis (O) defined as T-score ≤ −2.5 at
either left or right ultra-distal region, as measured by DXA. The total number of participants reported in
this table is n = 261 (80 in the Osteoporosis Cohort). Column one reports the number of participants
without that factor. Column two reports the percentage of the entire cohort without that factor. Column
three reports the number without that factor in the osteoporotic group. Column four is the percentage
without the factor in the osteoporotic group. Column five reports the number without that factor in the
non-osteoporotic group. Column six is the percentage without the factor in the non-osteoporotic group.
Column seven is the p-value testing whether the percentages are different.

Table 7 shows that IBEX BH returns an aBMD at the wrist which is well correlated to a DXA scan at the
same site [15]. Figure 3 shows a number of comparisons of aBMD measured by IBEX BH against aBMD
measured by a GE Lunar Prodigy DXA system [15].
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DXA Actual R2 [LCI, UCI] DXA 29cm R2 [LCI, UCI]
IBEX BH UD 0.87 [0.83, 0.89] 0.86 [0.83, 0.89]
IBEX BH TD 0.88 [0.85, 0.90] 0.88 [0.86, 0.91]

Table 7: Table reporting the adjusted R2 values for linear regression models mapping IBEX BH to DXA
with 99% confidence intervals. The first column shows the values matching to DXA reports that used the
patient’s arm length. The second column shows the values matching to DXA reports with a default 29cm
arm length.

When predicting T-score ≤ −2.5 at the TD radius, an area under the receiver operating characteristic curve
(AUC) of 0.98 (99% CI [0.97, 0.99]) was found when comparing to DXA. The receiver operating characteristic
(ROC) curve for the UD and TD regions is shown in Figure 3.

22 IBX PRD SOP 002 v1.8rev1



2.1 Performance Compared to Reference Standards2 REFERENCE DATA AND SUGGESTED USE CASES

●

●

●

●

●

●

●

●●

●

●

●

●
●

●

●

●

●

●

●
●

●

● ●●

●

●●

●
●

●

●

●

●

●

●
●

●

●

●

●

●

●
●

●

●
●

●

●

●

●●

●

●

●

●

●● ●

●

● ●

● ●

●

●

●

●

●

●

●

●

●

● ●
●●

●
●

●

●

●

●

●

●

●
●

●

●
●
●

●

●

●

●●

●

●
●

●

●●

●

●

●
●

●

●

●

●

●

●

●

●

●●

●

●

●

●
●

●

●

● ●
●

●

● ●
●

● ●

●

●

●

●

●

●

●

● ●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●
●

●

●
●

●

●

●

●

●

●

●

●
●

●

●

●
●

●

●

●
●

●●
●●

●

●

●

●
●

●

●

●
●

●

●

●

●
●

● ●

●

●
●

●
●

●

●

●

●

●
●

●

●

●

●

●

●

●

●
●

●

●

●

●

● ●
●

●

●

●

●

●
●

●

●

●

●

●

● ●

●

●

●

●●

●

●

●

●

●

●

●

● ●

●

●

●

●

●

●

●

●

●

●
●●

●

●

●

●
●

●

●

●

●

●

●

●

●●

●

● ●

●

●

●
●

●

●

●

●

●

●
●

●

●

●
●

●

●

●

●

●
●

●
●

●●

●

●●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●●

●

●

●

●

●●●

●

●

●
●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●●

●
●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●
●

●

● ●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●
●

●●
●●

●

●

●

●●

●

●

●

●

●

●

●

●
●

●

●

●

●
●

0.2 0.4 0.6 0.8

0.
2

0.
4

0.
6

0.
8

DXA aBMD

IB
E

X
 B

H
 a

B
M

D

●

●

Ultra−distal
Distal Third

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●●

●

●

●

●●

●

●

●
●

●

●

●●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●

●

●

●

●

●
●

●

●

●
●

●

●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●
●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●
●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●●

●●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●
●

●

●

●

●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●
●
●

●

●
●

●

●

●
●

●

●

●

●

●

● ●

●

●

●
●

●

●
●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

● ●

●

●

●
●

●

●

●

●

●

●

●

●

●
●

●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●
●

●

●

●
●

●

●

●

●

●

●

●
●

●

●

●

●

●

●
●●

●

●

●

●

●

●

●

●

●
●

●

●

●

●
●

●

●

●

●●

●

●
●

●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●
●●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●

●

●

●●

●

●

●

●

●
●

●

●

●

●

●

●

●
●

●

●

●

●

●
●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

● ●

●●

●

●

●

●

●

●

●

●
●

● ●●

●

●

●

●

●

●

●

●

●

●
●

●

●

●

●
●

●

●

●

●
● ●

●

●
●

●

●

●

●

●
●

●

IBEX BH Auto Predicted aBMD Against DXA aBMD

−6 −4 −2 0 2

−
6

−
4

−
2

0
2

DXA T−score

IB
E

X
 B

H
 T

−
sc

or
e

IBEX BH Auto Predicted T−score Against DXA T−score

●

●

Ultra−distal
Distal Third
Osteoporosis/Osteopenia Threshold
Osteopenia/Normal Threshold

−6 −4 −2 0 2

−
3

−
2

−
1

0
1

2
3

mean T−scores

D
iff

er
en

ce
 T

−
sc

or
es

Bland−Altman IBEX BH Auto T−score and DXA T−score

●

●

Ultra−distal
Distal Third

Receiver Operating Characteristic Curve

Specificity

S
en

si
tiv

ity

1.0 0.8 0.6 0.4 0.2 0.0

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

●

●

Ultra−distal
Distal Third

Figure 3: Top left: IBEX Bone Health (IBEX BH) predicted areal Bone Mineral Density (aBMD) using
the software, against Dual-energy X-ray Absorptiometry (DXA) aBMD reported using the participant’s arm
length at the ultra-distal (UD) and distal-third (TD) regions. Top right: IBEX BH predicted T-score using
the software, against DXA T-score reported using the participant’s arm length at the UD and TD regions.
The manufacturer’s reference ranges were used to calculate the T-score. Bottom left: Bland-Altman plot
depicting the difference between DXA T-scores using a participant’s arm length and IBEX BH T-scores
using the automated software at the UD and TD regions. Bottom right: Receiver Operating Characteristic
curve of the output of the logistic regression model predicting DXA (reported with the patient’s arm length)
T-score ≤ −2.5 using the IBEX BH outputs.

The risk of osteoporosis at the hip has been shown to increase as the T-score at the UD radius decreases [11].
This was confirmed for IBEX BH, the results of which can be seen in Figure 4 (see also [14]). This allows
a referral threshold to be selected which optimises for downstream resource availability and minimises false
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positive results. This referral threshold is available as a setting accessible by a service engineer through the
system configuration interface.
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Figure 4: Receiver operating characteristic curves for clinical central osteoporosis prediction, where
osteoporosis is defined as the minimum central T-score ≤ −2.5, as measured by Dual-energy X-ray
Absorptiometry (DXA).

2.2 Clinical Application

Clinical use of the IBEX BH finding will depend on local factors. An example use case based on general
radiography is provided below for illustration purposes. Figure 5 shows an example care pathway where the
patient receives their normal X-ray and subsequent follow-up. In parallel, the IBEX BH software analyses
key regions in the DR image, in this case the UD and TD regions. If the lowest T-score is less than a
predefined threshold (less than −3 in this example), then a clinician may choose to use that information to
support a referral for follow-up assessment.
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Figure 5: Illustration of the use of IBEX Bone Health as an opportunistic screening tool, used alongside a
standard wrist X-ray. In this example, the patient may be referred for follow-up assessment if the lowest
T-score measured by the software is less than −3.

The indication provided by IBEX BH should be considered as a risk factor for osteoporosis and local clinical
guidelines should be followed in relation to the necessary course of action for patients who are suspected
of having osteoporosis. Taking the United Kingdom (UK) National Institute for Healthcare and Excellence
(NICE) guidelines, CG146 [16], as an example, an illustration of a potential referral pathway is given in
Figure 6. NICE CG146 states that women aged under 65 years and men aged under 75 years should be
assessed for fracture risk in the presence of risk factors. These risk factors may not be evident when a patient
presents for an X-ray, but should be considered when considering referral after an IBEX BH assessment.
In resource constrained settings, many women over 65 and men over 75 years are not routinely screened
in accordance with the guidance. In this situation the risk indication provided by IBEX BH may offer an
opportunity to identify and refer those most at risk, either opportunistically using an X-ray taken for another
purpose or electively if the patient’s risk factors are high enough to justify a referral for a wrist X-ray.
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Figure 6: Illustration of a potential referral pathway for a patient found to have a T-score less than −3
(threshold locally defined) from the IBEX Bone Health software. The actual pathway will depend on local
guidelines for assessment of patients identified to be at risk of osteoporosis.

As a screening test, the purpose of IBEX BH is to raise awareness of the likelihood of the disease and
ensure that the patient receives the correct follow-up assessment. The standard clinical guidelines should be
followed when a patient is identified as being at risk.

2.3 Intervention Threshold

A T-score intervention threshold of less than −3 is shown in Figures 5 and 6. This is chosen as an example
and may be configured by a service engineer.

Selecting a lower T-score as the intervention threshold will result in a smaller cohort of patients, each having
a relative risk of osteoporosis higher than 4.75. This leads to fewer referrals for follow-up assessment and,
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of these, fewer false positive cases. There is likely to be a beneficial impact on downstream resources but it
comes at the expense of more patients who have osteoporosis not being referred.

Selecting a higher T-score for the intervention threshold increases the size of the cohort identified as at high
risk, resulting in more patients with osteoporosis being referred but also more patients without osteoporosis
being referred. This may have a beneficial impact on diagnosis rates but higher downstream costs, for
example, more false positives or DXA scans that do not result in a recommendation to treat.

The selection of a referral threshold is therefore likely to depend on local factors. In areas with a high
prevalence of osteoporosis and sufficient downstream capacity, a more sensitive approach may be advisable
and hence a lower referral threshold may be chosen. Conversely, in an area of either low prevalence or low
downstream capacity, more specific criteria would be advisable to avoid large numbers of false positives
overwhelming downstream services.

These decisions require local clinical judgement and the result from IBEX BH should be used to support,
rather than replace, clinical decision making. In doing so, other patient-specific factors should be taken into
account prior to making a referral decision.

2.4 Normative Data Study

This section presents validation of IBEX Bone Health (IBEX BH) measures of areal Bone Mineral Density
(aBMD) from standard wrist radiographs against reference standard Dual-energy X-ray Absorptiometry
(DXA) on a cohort 20-30 years of age. It is important to evidence the performance of IBEX BH in this key
age group, as it provides normative data for T-scores.

Normative data is a set of summary statistics of a sample of the sex-matched healthy population. “Healthy
normal” is any individual between 20–30 years of age without any clinical risk factors for osteoporosis or
fracture. The summary statistics are the sample mean:

µ =
1

n

n∑
i=1

xi, (1)

and sample standard deviation

σ2 =
1

n− 1

n∑
i=1

(xi − µ)
2
. (2)

Here n is the number of individuals sampled from the healthy normal population and xi is the aBMD in an
ROI. The normative DXA is sex-matched meaning that males and females have separate summary statistics.
Each ROI also needs a distinct set of summary statistics.

A T-score is calculated using the following formula:

T =
xj − µ

σ
, (3)

where xj is a measure of aBMD from an individual in the test population. Therefore, a T-score is how far an
individual’s T-score is from the healthy normal population measured in standard deviations of the healthy
normal population.

2.4.1 Methods

A 203-participant single-centre, non-randomised, prospective, study was carried out where wrist posterior-anterior
radiographs and DXA forearm images were collected for every participant following informed consent (IRAS
ethics reference: 23/YH/0089).
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IBEX BH and DXA aBMD values were calculated at the ultra-distal (UD) and distal-third (TD) regions.
Mean values are presented after confirming normality. Associations between IBEX BH and DXA were
explored using linear regression and Pearson’s correlation. Precision mean error is reported and presented
using Bland-Altman plots. Results were compared to previously published OFFER1 data from 257 participants,
all aged over 50. Statistically significant differences between cohort were investigated for using unpaired
t-tests.

2.4.2 Results

Mean (SD) age is 23.5 (3.31) and 66% of the cohort are female. Mean (SD) aBMD of the UD and TD region
are 0.374 (0.0609) and 0.699 (0.707) respectively. The demographic details of the participants are given in
Table 8. Correlations between DXA aBMD and IBEX BH aBMD at the UD and TD ROIs are 0.901 (95%
CI [0.889,0.924]) and 0.852 (95% CI [0.823,0.877]) respectively (Table 9).

Mean error between DXA aBMD and IBEX BH aBMD is 0.00954 (95% CI [0.00703, 0.0124]) and 0.00259
(95% CI [0.000199, 0.00497]) for 20− 30 and over 50s respectively. Standard deviation of the error is 0.0361
(95% CI [0.0344, 0.0380]) and 0.0375 (95% CI [0.0358, 0.0395]) for 20− 30 and over 50s respectively.

There are no statistically significant differences in the standard deviation (p = 0.0983) of the error between
DXA aBMD and IBEX BH aBMD for the 20 − 30 and over 50 population. There is evidence of a bias in
the mean error (p < 0.01).

Table 8: Summary statistics for demographic factors from 203 participants, 66% of which were female. The
summary statistics are given as the minimum of the left and right. For example, Min ultra-distal is the
minimum of the left and right ultra distal region.

Demographic Factor Mean (standard deviation)

Age 24 (3.31)

BMI 25 (4.98)

Min Hip T-score 0.11 (1.05)

AP Spine T-score 0.083 (1.01)

Min Ultra Distal T-score -0.53 (1.42)

Min Third Distal T-score -0.78 (0.84)

Table 9: Comparison between IBEX BH and DXA for 20-30 year olds. Column 1: Number of wrists. 2:
mean and standard deviation of DXA aBMD 3: correlation between DXA aBMD and Ibex BH aBMD,
with 95% confidence interval. 4: Residual Mean Squared Error (RMSE) between DXA aBMD and Ibex BH
aBMD, with 95% confidence interval. 5: Mean difference between DXA aBMD and Ibex BH aBMD, with
95% CI.

Region n Mean (SD) R (95% CI) RMSE (95% CI) Mean Difference (95% CI)

UD 400 0.37(0.061) 0.91(0.89,0.92) 0.031(0.029,0.034) 0.0086(0.0057,0.012)

TD 400 0.70(0.071) 0.85(0.82,0.88) 0.043(0.040,0.043) 0.01(0.0046,0.014)

Both 800 0.54(0.180) 0.98(0.98,0.98) 0.037(0.035,0.037) 0.0095(0.0070,0.012)
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Figure 7: Comparison between IBEX BH and DXA for 20-30 year olds. Left: Scatter plot showing DXA
aBMD against Ibex BH aBMD. Right: Bland-Altman plot showing the mean of DXA aBMD and Ibex BH
aBMD against the difference between DXA aBMD and Ibex BH aBMD. The dashed horizontal line shows
the mean difference between the aBMDs.

2.4.3 Discussion

The population mean DXA aBMD is higher for 20–30-year-olds compared to over 50s. The standard deviation
DXA aBMD is significantly smaller for 20–30-year-olds. Therefore, as expected, younger people have on
average more dense bones and the range of densities is smaller. The correlation between Ibex BH aBMD
and DXA aBMD is strong for all regions. It is statistically significantly smaller for 20–30-year-olds in
the TD region than over 50s. However, there is no statistically significant difference in RMSE between
20–30-year-olds and over 50s for any regions. This indicates the differences in correlation are due to the
smaller standard deviation in aBMD rather than a mismatch between DXA and IBEX BH. The mean
difference in IBEX BH and DXA aBMD is statistically significantly larger for 20-30-year-olds compared to
over 50s indicating a bias for younger individuals. However, the bias is less than one sixth of a standard
deviation and therefore is unlikely to be clinically significant. Figure 3 demonstrates that both hip and AP
Spine T-score distributions have a similar mean and standard deviation. As T-score is calculated from a
NHANES database of American 20–30-year-olds, if our sample is from a similar distribution of bone density
as NHANES, the mean for our population should be zero and the standard deviation should be 1. The
mean is close to 0 and the standard deviation is close to 1 indicating that the central DXA measurements
are close to that of the NHANES database. The forearm measurements use manufacturer values, which are
a combination of proprietary data and NHANES, to calculate the T-score. Even though our central DXA
measurements match the NHANES database well, the forearm measurements differ significantly showing a
significant bias towards low density, more variable UD region and less variable TD region. This indicates
the population ranges on the manufacturer equipment are high for the population of 20–30-year-olds we
sampled.

FRAX risk factors were present in a small number of individuals in the cohort. 1 had a parental hip fracture,
12 were smokers, 1 was using glucocorticoids, 1 had rheumatoid arthritis, 2 had secondary osteoporosis and
3 had high alcohol use.

2.4.4 Conclusions

The cohort of participants is suitable to calculate normative data. IBEX BH has the potential to measure
forearm aBMD on individuals 20-30 years of age.
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2.5 Expected Deviations Between Regions of Interest

Some deviation between repeat examinations of the same anatomy is expected with IBEX BH. Data are
provided below as guidance for the order of magnitude of variation seen in a variety of cases.

2.5.1 Left and Right Wrists

Bilateral symmetry in the bone density measurements of third and ultra-distal radius of a patient is a
reasonable hypothesis. However, aBMD and thus T-score can differ; unilateral, localised conditions such as
arthitis, prolonged disuse or post-traumatic issues can cause asymmetry. The dominant wrist may also have
a small, statistically significant, increase in aBMD. Data from Section 2.1 were analysed for variation in left
and right aBMD.

Figure 8: Comparison of left and right wrist aBMD variation. Top Left: Scatter plot showing IBEX BH
aBMD for left and right wrists at the ultra-distal region. Top Right: Scatter plot showing IBEX BH aBMD
for left and right wrists at the third-distal region. Bottom Left: Bland-Altman plot showing the mean of left
and right wrist IBEX BH aBMD against the difference between left and right wrist IBEX BH aBMD at the
ultra-distal region. The dashed horizontal green line shows the mean difference between the aBMDs, and
dashed yellow lines show the limits of agreement (LOA) as a 95% interval. Bottom Right: Bland-Altman
plot showing the mean of left and right wrist IBEX BH aBMD against the difference between left and right
wrist IBEX BH aBMD at the third distal region. The dashed horizontal line shows the mean difference
between the aBMDs.
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For the 250 patients, following extractions where a left and right wrist was not available, 230 had a change
in T-score between the left and right wrist within the range of [-2,+2] at the third-distal region.

2.5.2 Third Distal and Ultra-Distal Regions

Positive correlation between the bone density measurement at the ultra-distal radius and third distal radius
is expected, with a higher value expected for the third distal as a result of the higher cortical bone content.
Bone loss at the two sites occurs at different rates due to bone composition. Trabecular bone is more
metabolically active and thus rapid bone loss occurs more frequently at the ultra-distal region, therefore the
correlation can be relatively low. Data from Section 2.1 were analysed for variation in UD and TD aBMD.

Figure 9: Comparison of TD and UD wrist bone density variation. Top Left: Scatter plot showing IBEX BH
aBMD for UD and TD wrist regions. Top Right: Scatter plot showing IBEX BH derived T-Score for UD
and TD wrist regions. Bottom Left: Bland-Altman plot showing the mean of UD and TD wrist region IBEX
BH aBMD against the difference between UD and TD wrist region IBEX BH aBMD. The dashed horizontal
line shows the mean difference between the aBMDs. Bottom Right: Bland-Altman plot showing the mean
of UD and TD wrist region IBEX BH aBMD against the difference between UD and TD wrist region IBEX
BH derived T-Score. The dashed horizontal line shows the mean difference between the T-Scores.

95% of the difference between UD and TD T-score is within the range [-2.24, 2.18], and 95% of the difference
between UD and T-score aBMD is in the range [-0.43, -0.19]. If you observe differences that lie outside of
these ranges, please use the results with caution.
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2.6 Deep Learning Components

There are two components of the algorithm that are deep learning neural networks and are therefore
considered black box algorithms. As such, the mechanism by which they come to a decision is non-interpretable.
All other components of IBEX BH are considered interpretable or explainable.

The two components are a segmentation algorithm that identifies the tissue regions and bone regions within
the image, and an ROI identification algorithm that identifies the radius and the ulna, and then uses these
bones to draw the UD and TD ROIs. Non-interpretable methods were considered acceptable for these models
as they automate time-consuming tasks that a clinician would otherwise be unable to perform. The clinician
acting upon an IBEX BH report can supervise the algorithms and check that they have performed the task
correctly.

Figure 1 items (2) and (3) show the two regions a clinician should check. The white lines within the boxes
should demarcate the bone from the tissue. The boxes should be aligned with the scanning axis of the wrist.
The UD region (2) should be 1.58 cm below the styloid process. The TD region (3) should be 9.62 cm below
the styloid process.

If any of these criteria are not met, the result from that ROI should be treated with caution.

2.6.1 Deep Learning Methodology - Semantic Segmentation

A proprietary CNN (convolutional neural network) architecture designed for the task of semantic segmentation
is used within the IBEX BH software to segment the bone and tissue of the sample. The CNN assigns values
to each pixel within the image, providing each pixel within the images with a class index representing
the material in the pixel. These classes determine if the pixel contains any bone, contains soft tissue, is
illuminated by x-rays, or is not illuminated due to the position of the collimator vanes. The architecture
developed for the IBEX BH algorithm is XNet, a close relation to the UNet architecture which is widely
used within medical image segmentation applications. A description of the XNet architecture may be found
here: https://arxiv.org/pdf/1812.00548.pdf.

2.6.1.1 Semantic segmentation algorithm training methods

• Criteria for training dataset

– Digitised x-ray images (digital or computed radiography)

• The algorithms were applied to the target groups in two external test sets: over 50s (see section 2.1)
and 20-30 year olds (see section 2.4).

• Pre-processing of Training data

– A limited number of pre-processing steps were applied before the data was used for training the
CNN model, or before inference is performed on a patient image. The pipeline is set out below:

1. Min-max normalisation of the input image

2. Resample of the image to 256x256 pixels

3. Ensure correct photometric interpretation of the image (bone is black)

– As a supervised learning approach is used for training of the semantic segmentation model, each
image was labelled by IBEX’s in-house annotation team. A labelling specification was devised for
the tissue-bone task. Each label undergoes an annotation team peer review and moderation was
performed by a team lead.

– An augmentation pipeline was applied to the training data and multiple training samples were
generated from each image. The augmentation pipeline included the following transformations:

1. Translation
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2. Rotation

3. Shear

4. Flip

– The body part imaged was tracked, and training samples per image were adjusted accordingly to
ensure no over-sampling of a single body part.

• Training methodology

– Data was randomly sampled into training and validation sets, with a 95% (train) and 5% (validation)
split. Model selection was performed by training multiple models with varying architecture
and hyperparameters (such as loss functions, optimisers, learning rate schedulers, reqularisation
techniques) with the training set and evaluating performance on the validation set.

– The model with the best performance on the validation set was selected, and then trained on
the combined training and validation set. Performance of this model was then checked on the
out-of-sample test set to ensure overfitting had not occurred.

• Dataset version control

– A dataset consisting of 1158 images was used in the training of the semantic segmentation model;
the images are stored in a github repository with the git large file storage enabled. The commit
hash of the repository is stored when training is performed. Image details are stored in a comma
separated variable file, including a cryptographic hash derived from the image file to allow for
checking of data integrity.

2.6.1.2 Semantic segmentation algorithm testing

• Test methodology

– For model selection and assessment of the final model, multiple metrics evaluating different
aspects of the segmentation performance are considered. Key metrics are the pixel accuracy
and intersection over union (IoU) of the bone and tissue classes, misclassification of tissue as
other classes and metrics considering the accuracy and IoU of the pixels at class boundaries.
Outputs for these metrics are aggregated and weighted according to perceived importance to
prior generation for the IBEX BH algorithm. Visual assessment of the segmentation output
is also considered. With the metric information and the visual assessment, a final qualitative
assessment is undertaken.

– The semantic segmentation algorithm has been evaluated for the initial hold-out set and was
monitored for the data collected as part of the OFFER 1 clinical study [14].

• Test Results

– Performance of the semantic segmentation model was assessed quantitatively with a series of
metrics. The model shows high overall pixel accuracy and intersection over union (IoU) close to
1, demonstrating that the model classifies almost all pixels correctly. The key segmentation classes
of bone and tissue have high overlap with the hand labelled mask and thus high IoU. Similarly,
in the typically more difficult border regions (defined as a 5-pixel neighbourhood around the line
where the class changes) of the class there is relatively high overlap between the hand labelled mask
and the model prediction. Additionally, misclassification of bone and tissue as different classes as
proportion of the class is small, with less than 5% of the bone or tissue typically misclassified.

• For assessment of deep learning performance on external datasets in the bone health context, see
sections 2.1 and 2.4.
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2.6.2 Deep Learning Methodology - Region of Interest Definition

The Mask Region-based Convolutional Neural Networks (R-CNN) framework for object detection, consisting
of several convolutional neural network (CNN) components is used within the IBEX BH software to segment
the individual radius and ulna bones of the forearm within the sample. The framework produces multiple
binary masks with an associated class label representing each instance of each bone found within the sample
image. Mask R-CNN is a widely used framework for object detection. A description of Mask R-CNN may
be found here: https://arxiv.org/abs/1703.06870.

2.6.2.1 ROI algorithm training methods

• Criteria for training dataset

– Inclusion

1. Digitised x-ray images of anthropomorphic samples (digital or computed radiography)

2. Wrist, forearm or hand patient series

3. Aged 18+ patients

4. PA, AP and oblique views

– Exclusion

1. Presence of orthopaedic cast

• The algorithms were applied to the target groups in two external test sets: over 50s (see section 2.1)
and 20-30 year olds (see section 2.4).

• Pre-processing of Training data

– A number of pre-processing steps were applied before the data was used for training the CNN
model, or before inference is performed on a patient image. The pipeline is set out below:

1. Min-max normalisation of the input image

2. Resample of the image so that its smallest dimension is 800 pixels

3. Ensure correct photometric interpretation of the image (bone is black)

– As a supervised learning approach is used for training of the model, each image was labelled by
IBEX’s in-house annotation team. Each label undergoes an annotation team peer review and
moderation was performed by a team lead.

– An augmentation pipeline was applied to the training data and multiple training samples were
generated from each image. The following augmentations were applied:

1. Rotation

2. Horizontal and vertical flips

3. Addition of gaussian noise

4. Addition of multiplicative noise

5. Gaussian blur

6. Power law transforms

7. Contrast and brightness adjustment

• Training methodology
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– Data was randomly sampled into training, validation sets. Model selection was performed by
training multiple models with varying architecture and hyperparameters (for example loss functions,
optimisers, learning rate schedulers, reqularisation techniques) with the training set and evaluating
performance on the validation set. The data from the OFFER 1 trial was used as the test or
hold-out set.

– Transfer learning was used, with weights from Imagenet [17] used to train the ResNet-50 backbone,
and weights from the COCO Train 2017 dataset used for all additional subsystems of the Mask
R-CNN framework.

– The model with the best performance on the validation set was selected, and then trained on the
combined training and validation set. Performance of this model was then checked on the test set
to ensure overfitting had not occurred.

• Dataset version control

– A dataset consisting of 1622 images was used in the training of the Mask R-CNN model. Data
was stored within files containing singular datasets which have not been updated, with backups
created. Datasets were produced from version-controlled code which accessed these folders. After
the initial training process, version control was implemented in which each dataset is described
by a csv file, with cryptographic hashes stored for each image. The csv files are also stored in a
backed-up drive.

2.6.2.2 ROI algorithm testing

• Test methodology

– For model selection and assessment of the final model, multiple metrics evaluating different aspects
of the segmentation performance are considered. Key metrics are the pixel accuracy and IoU
for the radius and ulna classes. Additionally mean average recall and mean average precision
are calculated for various IoU thresholds. Visual assessment of the segmentation output is also
considered. With the metric information and the visual assessment, a final qualitative assessment
is undertaken.

• Test results

– High IoU with ground truth was demonstrated for both the radius and bone masks detected for
the OFFER 1 clinical study dataset. High IoU signifies large overlap between the ground truth
and detected mask, therefore detected masks closely match the ground truth.

– The average precision and recall results show that the object detection model produces high
quality masks (large overlap of ground truth and detected mask) with very few false positive
(detection of a mask that should not exist) and false negative (low overlap with ground truth or
non-existent) masks. Therefore, the ROI algorithm reliably produces masks that are suitable for
determining key points and direction vectors for determining the ROI position across the OFFER
1 clinical study dataset.

– For assessment of deep learning performance on external datasets in the bone health context, see
sections 2.1 and 2.4.
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3 Hazards and Troubleshooting

3.1 Hazard Summary

3.1.1 Primary Operation of the X-Ray Equipment

There are no hazards related to the diagnostic image quality of the primary X-ray exposure or to the dose
to the patient of this device due to the following:

• Essential performance of the X-ray system does not depend on this device.

• The device does not control the X-ray equipment.

• The output DICOM image is not used for diagnostic purposes.

• If the device fails to process a given input for any reason, an error message will be generated and no
useable bone health output will be returned.

3.1.2 Bone Health Indication

There is a risk that:

1. a patient at low risk of osteoporosis is identified as high risk or

2. a patient at high risk of osteoporosis is not identified as high risk.

The first scenario could make the patient unduly concerned and lead to a follow-up referral, most likely a
DXA scan confirming treatment is not necessary. DXA scans are low dose and, as any indication will be
confirmed via the gold standard diagnostic pathway, there is no additional risk of incorrectly treating patients.
Furthermore, after the DXA patients will be reassured and can be offered lifestyle advice to maintain their
bone health.

The second scenario would mean no change to the patient’s current care. This could make the patient unduly
reassured and not lead to a follow-up referral.

3.1.3 Additional Dose

If used electively, where the acquisition is taken for the purpose of creating an IBEX BH report, there is also
an additional dose to the patient. The worst case additional dose for the patient is estimated at 0.006mSv
for the mammography protocol (see Section 1.6.3), which is equivalent to 24 hours of background radiation.

3.1.4 Secondary Capture Imaging

The output of the software is a Secondary Capture DICOM which includes either a copy of the primary X-ray
exposure, or a bone density image. These images are provided as an aid for interpreting the bone health
results, in particular the placement of ROIs, and will be processed by the software (windowing, rotating,
cropping) for that purpose.

For this reason, these images are not suitable for diagnostic use and, in particular, cannot be used as
replacement or alternative to the primary X-ray exposure. It is recommended to always refer to the primary
exposure to rule out any contraindications, such as casts or foreign objects.

3.2 User Troubleshooting Guide

Warning and error messages are automatically generated by IBEX BH in the event of image presentation,
data processing, or other software issues. The more clinically relevant messages are displayed in the Secondary
Capture DICOM output image, either as a list of warning and error codes (codes start with “W” for warnings
and “E” for errors), or as a watermark for the most important messages. Some errors and warnings apply
specifically to a given ROI, and will be displayed accordingly; when this occurs, other ROIs which have no
reported errors or warnings may generally be used with caution (see below for more detailed guidance).
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The system integrator may also choose to display messages on the system user interface. All messages are
saved and available to view either within a private tag in the DICOM output, or on the dashboard page
of the clinical interface (if access to that interface is granted; see Section 1.8). Note that, in the event of
an error, no bone health outputs will be returned. The output will be a DICOM containing the errors and
warning messages only. Bone health output DICOMs labelled with one or more warnings should be reviewed
carefully.

Warnings and errors will generally be resolved by contacting a service engineer or your system vendor. The
list of warnings, errors, and probable causes that are actionable by an end user is provided in Table 10, along
with recommended actions. Causes will typically fall into the following categories:

• Protocol-related errors. This includes: incompatible view or orientation (E212, E216, E312, E313),
incompatible body part (E212, E216, E311), poor positioning of the body part (W202, E301, E311,
E312, E313), non-standard protocol (W211), or no calibration available for the selected protocol (E201,
E203, E210).

• Patient-related errors. This includes: patient falling under one of the contraindications or limitations
of the software (E215, W218, E219, W316, E317, W318, E319, E320), or bone health assessment not
indicated (W206), or patient falling outside the configured demographic filter (E214).

• System-related errors. This includes: calibration is out-of-date (W205, W202, E303), or license has
expired (E401).

If any other warning or error is produced, or if none of the probable causes listed in Table 10 apply, or if the
issue persists after attempting the proposed corrective action, please contact customer support. The full list
of warnings and errors is provided for completeness in Table 11.
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Table 10: Error and warning codes actionable by end user

E201 DICOM tag value
unsupported or out-of-range

Wrong protocol selected. Please select an appropriately configured protocol.

E203 Protocol out of calibrated
range

Wrong protocol selected. Please select an appropriately configured protocol.

W205 Calibration out-of-date Calibration is too old. Please contact customer support to renew the
calibration, and use output with caution.

W206 Bone health assessment not
indicated

Patient is too young. Product intended and tested for use on patients
over 50 years of age. Discretion advised if used on
younger patients. Product should not be used on
patients under 20 years of age.

E210 Invalid input property Wrong protocol selected. Please select an appropriately configured protocol.

W211 Experimental clinical protocol Software configured to accept non-standard clinical
protocol (see Section 1.6) and exposure from such
protocol is received.

Exercise caution when interpreting the results.

E212 Unsupported clinical protocol Exposure received for clinical protocol that is not
supported (neither standard nor experimental, see
Section 1.6).

Please check if the error is consistent with the
configured clinical application(s). If in doubt,
contact customer support.

E214 Patient outside configured
demographic

Exposure received for a patient that does not meet
the configured demographic filters.

Please review the patient information and check
that this is expected. If this is expected, no
action is necessary. If this is not expected and you
have access to the clinical configuration interface,
please correct the configured demographic filter.
Otherwise contact customer support.

E215 Bone health assessment
contraindicated

Exposure received for a patient for whom use of
IBEX BH is contraindicated (see Section 1.7).

Please review the patient information and check
that this is expected. If this is expected, no action
is necessary. Otherwise, please contact customer
support.

Code Meaning Cause Action

Continued on next page
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Table 10: Error and warning codes actionable by end user (Continued)

E216 Clinical protocol is disabled Exposure received for clinical protocol that is
supported but has been disabled.

Please review the selected protocol and check that
this is expected. If this is expected, no action is
necessary. If this is not expected and you have
access to the clinical configuration interface, please
enable the corresponding clinical application on
the “Calibration” web page. Otherwise contact
customer support.

W218 Input similarity check failed Unsupported positioning. Please ensure the patient is positioned as expected.
Use output with caution for all reported ROIs.

Any other cause. Use output with caution for the ROI where this
warning is raised.

E219 Extreme input outlier Unsupported positioning. Please ensure the patient is positioned as expected.
Output should not be used for any ROI.

Any other cause. Nothing to do. Output cannot be used for this
ROI; other ROIs may be used with caution.

E311 No suitable bone detected for
this ROI

Unsupported body part or positioning. Please ensure the patient is positioned as expected.

Implant or cast present in the
image.

Output should not be used for any ROI.

E312 Not enough bone in the field of
view for this ROI

Unsupported positioning or collimation. Please ensure the patient is positioned as expected
and the collimation is not too tight.

E313 ROI is partially or fully
outside the field of view

Unsupported collimation. Please ensure the collimation is not too tight.

E315 No valid bone health output No suitable ROI was detected, or none of the
detected ROIs provided valid bone health results.

Please refer to the errors reported for each ROI for
guidance.

W316 Segmentation similarity check
failed

Implant or cast present in the image. If the implant or cast does not overlap with the
ROI, use output with caution. Otherwise, output
should not be used.

Code Meaning Cause Action

Continued on next page
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Table 10: Error and warning codes actionable by end user (Continued)

Any other cause. Use output with caution for the ROI where this
warning is raised.

E317 Extreme segmentation outlier Implant or cast present in the image. Output should not be used for any ROI.

Any other cause. Nothing to do. Output cannot be used for this
ROI; other ROIs may be used with caution.

W318 Output similarity check failed Unusual imaging conditions or unusual patient
characteristics.

Use output with caution.

Any other cause. Use output with caution for the ROI where this
warning is raised.

E319 Extreme output outlier Unusual imaging conditions or unusual patient
characteristics.

Output should not be used for any ROI.

Any other cause. Nothing to do. Output cannot be used for this
ROI; other ROIs may be used with caution.

E320 Non-anatomical bone density Implant or cast present in the image. Nothing to do. Output cannot be used for this
ROI; other ROIs may be used with caution.

E401 Invalid license License has expired. End user software licensing is provided by the
system vendor or service engineer. All end user
queries relating to software licensing should be
referred to the software licensor.

Code Meaning Cause Action
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3.2 User Troubleshooting Guide 3 HAZARDS AND TROUBLESHOOTING

Table 11: Error and warning codes (full list).

E101 Required DICOM tag unavailable

W102 Optional DICOM tag unavailable

E201 DICOM tag value unsupported or out-of-range

W202 Similarity check failed (retired)

E203 Protocol out of calibrated range

W204 Protocol out of explicitly calibrated range

W205 Calibration out-of-date

W206 Bone health assessment not indicated

E207 Ambiguous protocol calibration

W208 Unused system property

E209 Calibration awaiting QA

E210 Invalid input property

W211 Experimental clinical protocol

E212 Unsupported clinical protocol

E213 Ambiguous clinical protocol

E214 Patient outside configured demographic

E215 Bone health assessment contraindicated

E216 Clinical protocol is disabled

W217 Calibration QA override in effect

W218 Input similarity check failed

E219 Extreme input outlier

E301 Required ROI was not detected (retired)

W302 Optional ROI was not detected (retired)

E303 Bone health calculation failed

E304 Exhausted resource

E305 Unexpected internal error

E306 Processing cancelled

E307 Calibration QA failed

W308 Bone density image could not be generated

W309 Optional calibration QA step not run

E310 Required calibration QA step not run

E311 No suitable bone detected for this ROI

E312 Not enough bone in the field of view for this ROI

E313 ROI is partially or fully outside the field of view

E314 ROI detection algorithm failure

Code Meaning

E704 System startup failed

Continued on next page
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Table 11: Error and warning codes (full list). (Continued)

E315 No valid bone health output

W316 Segmentation similarity check failed

E317 Extreme segmentation outlier

W318 Output similarity check failed

E319 Extreme output outlier

E320 Non-anatomical bone density

E401 Invalid license

E402 No calibration data available

E403 Corrupted calibration data

E404 No normative population data available

E405 Calibration is invalid

E501 Inbound request refused

E502 Invalid inbound request

E503 Inbound connection aborted

E601 Output connection failed

E602 Output connection aborted

E603 Invalid outbound request

E604 Outbound request refused

E701 System installation failed

E702 System migration failed

W703 System reset to defaults

Code Meaning

E704 System startup failed
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3.3 Emergency Situations 3 HAZARDS AND TROUBLESHOOTING

3.3 Emergency Situations

In the event of a serious incident (leading to death or serious deterioration of health) involving this device,
the user must inform IBEX (the manufacturer) and the competent authority of the member state in which
the user is established as soon as possible. When in doubt, report. A list of contact points of the competent
authorities for EU member states can be found here: https://health.ec.europa.eu/system/files/

2022-10/tse_bse_contact_points.pdf.
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4 APPENDIX

4 Appendix

4.1 Medical Device Label

Figure 10: Product label for integration on Nvidia Jetson Xavier NX (Docker, Linux).

Figure 11: Product label for integration on generic desktop PC (Native, Windows).
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4.2 Regulatory Clearance

IBEX BH is a CE marked class IIa according to Regulation (EU) 2017/745 (EU MDR) and approved for
use in applicable jurisdictions.

• 2017/745 — Regulation (EU) 2017/745 of the European Parliament and of the Council of 5 April 2017
concerning Medical Devices.

• EN ISO 13485:2016+A11:2021 — Medical Devices — Quality Management Systems — Requirements
for Regulatory Purposes.

• EN ISO 14971:2019+A11:2021 — Medical Devices — Application of Risk Management to Medical
Devices.

• EN ISO 15223-1:2021 — Medical devices. Symbols to be used with information to be supplied by the
manufacturer — General requirements.

• EN ISO 20417:2021 — Medical devices. Information to be supplied by the manufacturer.

4.3 Patents

The IBEX BH software is protected by following patents: JP6598087, US10588592, GB2576772, GB2608900,
GB2611231, GB2589643, GB2563115, US 10820878 (Japan, South Korea Pending, EU, China Pending).
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4.4 How to Use the Clinical Interface

4.4.1 Accessing the Clinical Interface

Figure 12: Log-in web page.

The clinical interface is accessed as a local web site via a web browser. A link to this website will be provided
to you by the OEM either as a shortcut, a bookmark, or a dedicated control in the X-ray modality’s own
UI.

The clinical interface is password-protected, and a log-in page will be displayed as shown in Figure 12 to
enter your credentials. These credentials should be chosen by you, and configured into the system by the
service engineer during installation. If you need to change your password at any time after installation,
please follow the instructions in Section 4.4.2.

Once logged in, it is possible to log out by clicking on the user icon (top-right corner of the page) and
selecting the “Log out” option. You will be automatically logged out when the browser tab is closed; it is
therefore recommended to close the browser tab when the clinical interface is not in use.

4.4.2 Changing your Password

Your password can be changed at any time, provided you still have access to your current password. If you
do not know your current password, please contact support and ask for it to be reset on your behalf.

Figure 13: Password reset prompt.

Once logged in with your current password, click on the user icon (top-right corner of the page) and select
the “Change password” option. This will bring up the password reset prompt (see Figure 13). Enter your
new password in the “New password” box, then press “Apply”. The prompt will automatically close and
you can keep using the interface as normal.

The next time you log into the interface, you will need to use this new password; the old password can no
longer be used.
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4.4.3 How to Use the Configuration Page

Figure 14: Example section of the configuration web page (see Appendix 4.4.4 for a complete listing). Each
section is formatted the same way, starting with a heading and a hint (?) button, the list of individual
settings, and an “Update” button at the bottom. This button is greyed-out and disabled until a setting is
modified.

All configuration pages follow a similar layout, as shown in Figure 14; the full list of configurable settings
and their default values are provided in Appendix 4.4.4.

You may modify any number of settings, from multiple sections or sub-pages, then press the “Update”
button to commit the new settings to the software. Pressing this button is mandatory; until this is done, the
modified settings will not be applied. Updates can take several seconds to apply, and will trigger an internal
server restart. Therefore the server will become unresponsive for a short period of time after applying new
settings (at most a few seconds, unless there are data sets in the queue, see below).

If data sets are being processed while settings are updated, these data sets will be discarded (displayed as
“cancelled” on the dashboard, see Section 4.4.9). If a data set is being processed, the server will have to
wait for processing to abort, which can take up to a few seconds. Therefore, it is best to avoid changing the
configuration while data sets are being processed.

While the setting values are changed on the page but not yet committed, the corresponding settings are
highlighted with an orange border (see Figure 15). A button will also be displayed alongside the changed
setting, which can be used to cancel the change (the value on the page is reset to the value currently
committed to the software).

Figure 15: Example of a setting that has been modified on the web page but not yet committed to the
software. This change will be lost if the page is reloaded or closed; it is not yet applied. It can be cancelled
by pressing the “X” button to the left of the setting label.

Once settings modifications are saved and applied, the corresponding settings will be highlighted with a
green border if the saved value differs from the factory default (see Figure 16). This can be used to quickly
identify which settings have been customized. A button will also be displayed alongside the corresponding
setting, which can be used to reset this setting to factory default; note that this only changes the value on
the page (as if it was manually entered), and the “Update” button still needs to be pressed to commit this
change.

47 IBX PRD SOP 002 v1.8rev1



4.4 How to Use the Clinical Interface 4 APPENDIX

Figure 16: Example of a setting which has been modified to a non-default value and committed to the
software. This change is applied, and can be reverted to factory defaults by pressing the “X” button to the
left of the setting label then pressing the “Update” button.

4.4.4 Default Configuration

Figures 17 to 23 provide the complete list of configurable settings, and their default values as delivered by
IBEX. Note that your system provider may have changed these defaults. Some of these settings will be
protected against modification, and can only be changed by a service engineer or other user with elevated
permissions. These protected settings will be greyed out and won’t be editable on the web page.

Figure 17: Configuration web page showing all configurable “Communication” settings, their current values,
and a button to update the server settings.

Figure 18: Configuration web page showing all configurable “Licensing” settings, their current values, and a
button to update the server settings.
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Figure 19: Configuration web page showing all configurable “aBMD Normative Data” settings, their current
values, and a button to update the server settings.

Figure 20: Configuration web page showing all configurable “Processing” settings, their current values, and a
button to update the server settings. See Appendix 4.4.5 for more details on how to configure these settings.
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Configuration web page: “Reporting” settings (continued on next page).
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Configuration web page: “Reporting” settings (continued on next page).
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Configuration web page: “Reporting” settings (continued on next page).
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Figure 21: Configuration web page: “Reporting” settings (continued). This picture shows all configurable
settings, their current values, a button to generate output image previews with the entered settings, and a
button to update the server settings. See Appendix 4.4.7 for more details on how to configure these settings.
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Figure 22: Configuration web page showing all configurable “Analytics” settings, their current values, and a
button to update the server settings. See Appendix 4.4.8 for more details on how to configure these settings.
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Figure 23: Configuration web page showing all configurable “System” settings, their current values, and a
button to update the server settings.

4.4.5 How to Configure the Demographic Filter

Figure 24: The demographic filter setting. (1) A button is available to bring up an “Expression builder”
tool, which provides a user-friendly interface to configure the setting (see Figure 25). (2) The actual value
of the setting is a free-form expression, and can be directly entered as such.
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Figure 25: Expression builder for the demographic filter setting. (1) Controls are available to enable
processing for male and female patients separately. (2) For each sex, further controls are provided to specify
the minimum and maximum allowed patient age. (3) The “Build” button will generate an expression based
on the selected parameters. (4) The “Reset” button will reset the filter to the defaults.

The demographic filter setting is available on the “Configuration” page, under “Processing settings”, and
under the label “Demographic filter expression”; see Figure 24. The setting can be entered using an
“Expression builder” tool (see Figure 25), or manually if more complex expressions are desired. Using
the expression builder is recommended, since it will reduce the risk of configuring this setting incorrectly.

Instructions using the expression builder:

• Press the “Expression builder” button. A new modal window appears as in Figure 25.

• Select whether to allow processing for male and female patients by ticking the corresponding checkbox.
If the checkbox is ticked, processing will be enabled for patients of the corresponding sex.

• For each enabled sex, select the minimum and maximum allowed patient age (inclusive). For example,
with the default values of “Min: 50” and “Max: 100”, patients aged 50 to 100 will be processed, but
patients aged 49 and younger, or 101 and older, will be rejected.

• Press the “Build” button to generate the corresponding expression. The expression builder will
disappear, and a new value will be entered for the setting.

• Press the “Update” button to save the new setting.

Instructions without the expression builder:

• Enter the desired expression directly in the setting box. The expression uses the custom language
defined in Appendix 4.4.10, and can only refer to the following variables:

– patient.sex – The sex of the patient; possible values are 'male', 'female', 'other', or null
(unknown).

– patient.age – The age of the patient (in years).

– If additional demographic criteria would be required, this has to be requested during commissioning.

• Press the “Update” button to save the new setting.

• If the expression is invalid, a message will be shown to explain the problem; please correct any reported
error and press “Update” again.

• Please note: the software will only validate that the entered value for this setting is a valid expression
that can be evaluated; it cannot validate that the expression is “correct”. For example, it is possible
to set up a valid-looking expression that effectively disables processing for all patients. Please review
this setting carefully.
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Regardless of the method used, please bear in mind that any patient property referenced in the filter must be
supplied in the input exposure, otherwise the exposure will be considered as not matching. For example, if the
patient age is referenced, then any exposure for which the patient age is not provided will not be processed.
If this behaviour is undesirable, it can be worked around by manually editing the filter to explicitly check
and allow for null values. For example, the filter “patient.age == null or patient.age >= 50” will
reject patients younger than 50, but will process exposures where the patient age is not provided.

4.4.6 How to Configure Clinical Applications

Figure 26: Example list of clinical applications on the calibration page (the actual list will depend on
the installed calibration package). (1) Each application is listed by name. (2) Applications can be either
“Standard” or “Experimental”. (3) The details of the clinical protocols associated with each application can
be accessed by clicking the “More details” button. (4) Controls are available to enable or disable processing
for each application.

The list of supported clinical applications is available on the “Calibration” page, under “Installed Package”,
in the box labelled “Available Clinical Applications”, as shown on Figure 26.

For each supported application, a checkbox is available to enable (tick) or disable (untick) processing of
exposures matching this particular application. Any change to these controls must be committed to the
software by pressing the “Update” button.

The page provides a name and description for each application, as well as the detailed list of all associated
clinical protocols (namely, body parts and views) under the “More details” button. This information can be
used to identify the type of exposures that would fall under the corresponding application. Together with
the “Standard” or “Experimental” status of the application, you can determine whether processing these
exposures is desirable or not.

At this stage, it is not possible to add new applications, nor to edit the existing ones. If such change is
required, this must be handled as a request for a new calibration.
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4.4.7 How to Configure the Output Report

Figure 27: The output preview feature. (1) Modified settings not yet committed to the software are
highlighted and used when generating a preview. (2) A “Generate Previews” button is provided to generate
a new set of preview images: (3) an image for a patient with normal bone health, (4) an image for a
patient with identified risk of osteoporosis, and (5) an image for an exposure that failed processing. Please
refer to Appendix 4.4.7.1 for the exact definitions of these three possible outcomes. (6) If the previews are
satisfactory, the “Update” button can be used to commit the changes.

All output appearance settings are provided on the “Configuration” page, under “Reporting settings”; see
Figure 21 for the full list of settings and their default values.

When these settings are changed, a preview of the corresponding output can be generated by pressing the
“Generate Preview” button (see Figure 27). This will generate three images, each corresponding to a different
type of output (normal, osteoporosis detected, and error). Each image can be clicked to display a full-screen
version. The preview is not automatically updated, and is only generated on demand. It uses the value of
the settings as they are entered on the page, instead of the settings currently committed to the server, so
the preview can be used to test different settings before committing them to the server.

Please note that generating a preview does not update the settings on the server; if the preview is satisfactory,
make sure to press the “Update” button to commit the settings to the server.

4.4.7.1 Configurable Text
The settings listed below can be used to alter the texts displayed on the output. This can be tuned to
local preferences, or translated to a language other than English (for localisation settings, see also Appendix
4.4.7.3). All settings can make use of formatting tags, which can alter the appearance of the text (size,
bold/italic, ...); see Appendix 4.4.7.2 for details. Placeholders are used to indicate where and how the
numbers computed by the software are to be displayed; how to use these placeholders is covered in Appendix
4.4.7.2.

The most important configurable texts are the ones summarizing the findings of the software. They are
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separated into a “title” (short summary sentence of the findings) and a “statement” (longer paragraph
which can include guidance or prompt follow-on actions). There are three different outcomes which result
in different text being displayed:

• “Normal” – None of the reported T-scores is lower than the configured threshold for osteoporosis, i.e.,
the patient is not identified as high risk. This outcome corresponds to the settings “Title for normal
result” and “Statement for normal result”.

• “Osteoporosis” – At least one reported T-score is lower than the configured threshold for osteoporosis,
i.e., the patient is identified as high risk. This outcome corresponds to the settings “Title for osteoporosis
result” and “Statement for osteoporosis result”.

• “Error” – An error occurred and no assessment of bone health could be produced. Errors can be
flagged for several reasons, including a mismatch between the image protocol and the calibrated range,
or failure to identify a suitable ROI for bone health measurement. In the event of an error, no bone
health outputs (e.g., T-scores) are reported. This outcome corresponds to the settings “Title for error
result” and “Statement for error result”.

Each of these outcomes is illustrated in the report preview feature (see Figure 27). When modifying these
settings, it is recommended to generate a preview and check the following before committing the new settings:

1. The displayed text is fully readable. For example, if the configured text is too long, it may not fit in
the allocated space or will overlap with other elements of the report.

2. The meaning of the displayed text is appropriate for the corresponding outcome. For example, it would
not be appropriate to flag patients as high-risk if their T-scores are normal, or to make any clinical
statement of bone health when an error occurs.

3. All possible outcomes are clearly distinguishable. For example, it is recommended to avoid texts that
differ only slightly between the different outcome (e.g., single word changed or added), so that there is
no risk of overlooking the difference.

The other configurable text on this page is related to the appearance of the output and is less likely to
require modification:

• Ultra distal (UD) region title: The header text for the box displaying results for the UD region of the
wrist.

• Third distal (TD) region title: The header text for the box displaying results for the TD region of the
forearm.

• Areal bone mineral density label: Number format and label text for the aBMD results.

• Male T-score label: Number format and label text for the male T-score results.

• Female T-score label: Number format and label text for the female T-score results.

• Error codes label: Label text for the list of errors.

• Warning codes label: Label text for the list of warnings.

• Placeholder for too many errors or warnings reported: Placeholder text displayed if there are too many
errors in the list of errors or warnings.

• Version label: Label text for the product version number.

• Watermark label for images not for diagnostic use: Text to display at the bottom of the image to
indicate that the image is not to be used for diagnostic purposes.

• Watermark label for source of normative data: Text to display at the bottom of the image to indicate
the source of the normative data. Depending on whether the normative data is configured to factory
default or user-edited, a different description will be used:

– Label for default normative data: description of the factory default normative data.
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– Label for user-defined normative data: description of the user-defined normative data.

• Display watermark for warning X : Whether a watermark will be displayed or not for this specific
warning. It is not recommended to adjust this setting unless otherwise instructed.

• Watermark label for warning X : Text to display on the watermark when this specific warning is raised.
This setting (and the previous) control whether and how the software generates a watermark for a
selected set of important warnings that can be raised (see Table 10 for the full description of these
warnings).

• Label for error/warning X : Text to display in the report when this specific error or warning is raised
(see Table 10 for the full description of these errors and warnings).

• Label for ROI error status: Label text for the ROI status message, displayed to explain why no bone
health results are available for that ROI.

• Description for ROI status code X : Text to display as the ROI status message for that specific status
code. List of possible statuses:

– Algorithm failed: The automated ROI detection algorithm failed to complete, either because of
an internal error or unsuitable data.

– No suitable bone detected: The automated ROI detection algorithm did not find a suitable bone
on which to place this ROI.

– Not enough bone in field of view: The automated ROI detection algorithm detected a suitable
bone, but there was not enough of this bone in the field of view to accurately place the ROI.

– Region partially or fully outside field of view: The automated ROI detection algorithm detected
a suitable bone but could not place this ROI because it would fall outside of the available field of
view (either fully or partially).

– No results: The automated ROI detection algorithm succeeded, but bone health results could not
be reported because of another failure.

4.4.7.2 Text and Number Formatting Codes
For text fields including numerical values, formatting can be customised using format placeholders. These
fields can be identified as containing a placeholder of the form {...}. This placeholder will be replaced by
the actual numerical value output by the software. The full specification for these format placeholders can
be found at the following address: https://fmt.dev/11.0/syntax/. As a short summary:

• The format placeholder must start with {: (an opening curly brace followed by a colon), and end with
} (a closing curly brace).

• Placeholders for floating-point numbers (such as aBMD, T-scores, ...) must end with either Lf, Le, or
LE characters (e.g., {:.4Lf}). The L indicates that the number should be formatted according to the
rules of the chosen locale (see Appendix 4.4.7.3), and the following letter defines the display format.

• If using the Lf format, the number will be displayed with “fixed point” formatting, i.e., it will always
display the same number of digits to the right of the decimal point. The number of digits can be
configured using the a.b syntax, where a configures the total width of the displayed number (including
padding with white space if necessary), and b configures the number of digits to the right of the decimal
point. The total width can be omitted, which will result in no padding. For example, using {:.6Lf}

could result in a number being displayed as 13.141500.

• If using the Le or LE formats, the number will be displayed using “scientific notation”. This works
similarly to the fixed-point formatting, except that exponential notation is used. For example, using
{:.6Le} could result in a number being displayed as 1.314150e01.

• Placeholders for textual values (such as software version, list of errors, ...) must only be of the form
{:} or {} (which are equivalent).
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In addition, all settings controlling text displayed on the output image can make use of format tags (e.g.,
<font face=bold>...</font>. The full specification for these format tags can be found the technical
specification (IBX SWD PRS 006). As a short summary:

• Format tags are of the form <tag attribute=value>text</tag>, where tag is the name of the format
tag, attribute is the name of an attribute to modify, value is the value to give to that attribute, and
text is the text that will be affected by the specified format.

• The <font> tag can be used to modify the appearance of characters drawn for the enclosed text.
Allowed attributes:

– size: Font size in pixels (integer).

– script: Font script as an ISO 15924 script code.

– colour: HTML hexadecimal Red Green Blue Alpha (RGBA) colour code. Note: the secondary
capture is a greyscale image, so colours are always converted to grey levels before rendering. The
Alpha component controls transparency.

– face: Comma-separated list of font face values, possible values: bold, italic.

• A single tag can contain any number of attributes.

• Tags can be nested if necessary.

4.4.7.3 Localisation Settings
The settings listed below can be used to fully adapt the output to the appropriate cultural conventions for
the display of numbers and text.

• Font script: Default font script to use when rendering characters. The script influences the choice of
font file and exact appearance of characters, and should be set appropriately for the target language.

• Locale: Conventions to follow when displaying numbers (e.g., decimal separator) and dates (e.g.,
year-month-day vs year-day-month). Locales are identified by the corresponding IANA languages-region
codes; e.g., en-GB is Great Britain English while en-US is US English. If you require a locale that is
not listed, please contact customer support.

4.4.7.4 Report Elements and Geometry Settings
The settings listed below can be used to enable or disable certain elements of the outputs, as well as changing
the shape and colour of these elements.

• Draw data panel: Whether to display the data panel (on the right of the X-ray image). The data panel
contains the text boxes with measured T-score and aBMD values. This can be turned off to only show
the X-ray image and the regions of interest. It is only advisable to turn this off if the reported values
are displayed in another part of the integrated user interface.

• Report brightness: Maximum white intensity level (0: black, 1: white) to use when drawing text, logos,
and boxes.

• Report scale: Scale factor of the report elements, such as text boxes and logos (e.g., 1: standard size,
2: twice standard, 0.5: half standard).

• Report overlay scale: Scale factor of image overlay elements, such as arrows and ROI borders (e.g., 1:
standard size, 2: twice standard, 0.5: half standard).

• Report bone edges scale: Scale factor of bone edges drawn inside ROIs (e.g., 1: standard size, 2: twice
standard, 0.5: half standard).

• Clip bone edges outside ROIs: Whether to automatically clip the bone edges outside of the detected
regions of interest or not.
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• Draw watermark on X-ray image only: Whether the watermark is displayed only over the X-ray image,
or over of the full output image.

• Watermark text scale: Scale factor of watermark text (e.g., 1: standard size, 2: twice standard, 0.5:
half standard).

• Watermark brightness: Maximum white intensity level (0: black, 1: white) to use when drawing the
watermark on the output report.

• Watermark position: Location of the watermark on the output report.

4.4.7.5 Image Rendering Settings
The settings listed below can be used to alter the image of the patient, on which the regions of interest are
drawn.

• Preferred display image: Which image to display as background on the output report. Available options
are: ‘For Presentation Image’, ‘For Processing Image’, and ‘Bone Density Image’. If the selected image
is not available, the fallback is to use the ‘For Presentation’ image, and if that is also not available,
the ‘For Processing’ image is used as a last resort.

• Report X-ray image brightness: Maximum white intensity level (0: black, 1: white) to use when
drawing the background X-ray image on the output report.

• Report X-ray image rotation step: The step size for the automatic X-ray image rotation, in degrees (a
step size of 0 allows all rotations, while a step size of 90 degrees will only rotate the image by multiples
of 90 degrees; a step size of 360 effectively disables automatic rotation). The default setting (0) ensures
the body part is consistently orientated on all outputs, but will generally lead to small rotations even
for inputs that are already correctly orientated. If this is undesirable, the setting may be increased,
for example to 15, 45, or 90 degrees (at the highest values, only the most significant rotations will be
corrected). Values higher than 90 are not recommended unless the data panel is disabled, as it could
cause ROI arrows to cross.

• Clip image outside collimator area: Whether to automatically clip the X-ray image to the detected
collimated area or not.

4.4.7.6 Output DICOM Settings
The settings listed below can be used to alter the content and tagging of the output DICOM generated by
the software. This may impact how and where the DICOM is displayed in PACS, hence choosing correct
values for these settings may require the assistance of the local PACS manager.

• Series description: The name of the DICOM series in which the IBEX BH output will be created.
Some PACS implementations will sort series alphabetically using this value.

• Series number policy: The method used for generating the series number. Some PACS implementations
will sort series according to this number. Possible options are:

– Increment source series number. This generates the series number by adding 1 to the series
number of the input DICOM.

– Fixed value. This sets the series number to the value specified in the “Fixed series number”
setting.

• Copy X-ray tags from input DICOM: When enabled, the software copies additional X-ray tags from the
input DICOM into the output DICOM. This includes the following modules from the ’Digital X-ray
image – For Processing’ IOD which are not included in standard ’Secondary capture’ IOD: X-ray
generation, X-ray filtration, X-ray grid, DX positioning, DX detector. This is enabled by default, but
can be turned off if the additional tags are causing problems with PACS (such as double counting of
patient dose).

62 IBX PRD SOP 002 v1.8rev1



4.4 How to Use the Clinical Interface 4 APPENDIX

4.4.7.7 Reporting Thresholds
The settings listed below can be used to alter the criteria for flagging at-risk patients.

• T-score threshold for osteoporosis: Influences the number of patients identified as being potentially
at risk of osteoporosis. Setting this threshold to higher values (i.e. greater than the default of −2.5)
will tend to flag more patients as being at risk and may increase the workload in the clinical pathway.
Setting this threshold to lower values (i.e. less than the default of −2.5) will tend to reduce demand
on the care pathway but may miss patients who are at risk of osteoporosis. Further background
information can be found in Section 2.2.

4.4.8 How to Use And Configure Analytics

If enabled, analytics are recorded by the system for each input exposure. The feature is designed to
minimize the risk of exposing identifiable patient information, and consequently the following details of
the implementation are important to understand before using the feature:

• Immediately identifiable information (such as patient name, birth date, or IDs) are hashed with
a destructive algorithm to form a new (non-reversible) pseudo-random ID, the source data is then
immediately discarded. This allows tracking of unique patients without actually revealing any identifying
information.

• The list of recorded data is fully configurable, so if you do not want to store sensitive patient data on
the system, you can exclude it.

• The software files all records in approximate time windows, in a random order. This prevents cross-matching
records with other databases (e.g., admissions, RIS) either by matching timestamps or processing order.

• The software allows fetching the data either as individual records, or as statistics aggregated in broad
time windows. The latter further anonymises the data, since the recorded analytics are reduced to
summary numbers (e.g., min, max, average) for a group of patients only.

4.4.8.1 Configuration

All analytics settings are provided on the “Configuration” page, under “Analytics settings”; see Figure 22
for the full list of settings and their default values. The meaning of the available settings is provided below.

• Enable dataset metrics recording. This setting controls whether analytics will be recorded for each
input exposure (ticked) or not (unticked). Disabling recording will only stop new records from being
created; it will not erase previous records (this can be done from the Analytics page, see below).

• Dataset metrics retention (in days). The maximum amount of time for which individual analytics
records will be preserved on the system. Records older than this specified time will be automatically
erased and cannot be recovered. This should be chosen to the smallest duration that allows the data
to be reliably extracted from the system before it is deleted.

• Minimum count for aggregation. This specifies the minimum number of records to use when aggregating
data into time windows. Setting this to 2 or higher prevents accidentally exposing records for individual
patients in the aggregated data. Setting this to 1 ensures all the data is reported in the aggregation.
This is a compromise between data accuracy and confidentiality.

• Record time reference. This sets the origin of the recording time windows. For example, if the recording
time window (see below) is set to one day, this setting effectively determines the start of the day; if
the recording time window is one week, this determines the start of the week.

• Record time window. The length of the time windows in which to store individual records. The longer
the window, the less information is available about the exact time the record was made, which preserves
confidentiality. This is a compromise between data accuracy and confidentiality. It is recommended to
set this window to a length of time that will reliably include multiple patients.
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• Enabled metrics. This provides the list of all metrics being recorded by the software for each exposure.
Each metric can be enabled (ticked) or disabled (unticked); disabled metrics will not be recorded. A
risk estimation is provided next to each metric, from low to high. Some metrics are specified with a
“.*” at the end; this indicates a placeholder for “any other metrics in this category”.

Figure 28: The analytics query web page. (1) Filters can be entered to query only a subset of the recorded
data based on the values of the recorded metrics, or (2) by the time at which the records were made.
(3) When querying aggregated data, the length of the aggregation window can be selected; this defaults
to the configured recording window length. (4) The output format of the query can be selected (CSV is
recommended as it can be read as a spreadsheet). (5) A live count of datasets matching the selected criteria
is displayed. Buttons are available to (6) download the matching records, (7) download aggregated records,
(8) delete matching records, and (9) reset all filters to defaults.

4.4.8.2 Queries
The “Analytics” page (see Figure 28) can be used to make queries against the recorded analytics and to
download the recorded data.

Instructions on how to query and download the data:

1. Enter any desired filters (on time or recorded values). For example, this can be used to only query
analytics for patients of a given sex, or exposures at a given dose. The filter expression uses the
custom language defined in Appendix 4.4.10, and can refer to any of the recorded metrics; a list of
commonly-used metrics is provided in Table 12. Note that any metric that has no recorded value will
be reported as null. Example expressions for common use cases are provided in Table 13. Leaving
the filter empty will return all available data.

2. Press either the “Download” or “Aggregate” buttons to download individual or aggregated records.
This will initiate a file download; depending on your browser configuration, you may be asked where
to save this file, or the file will automatically be saved in the download folder of the browser.

3. The downloaded file is in CSV format, and can be opened as a spreadsheet or consumed by an analysis
script. If desired, the output can instead be downloaded in JSON format, which can be opened in any
text editor or programming language for further analysis.

This web page can also be used to remove recorded data, using the “Delete” button. This will delete all
records that match the selected filters.

64 IBX PRD SOP 002 v1.8rev1



4.4 How to Use the Clinical Interface 4 APPENDIX

Table 12: List of commonly-used metrics which can be used as filter parameters (not exhaustive).

patient.sex

Sex of the patient.
’male’, ’female’,
’other’

patient.age_bracket

Bracket range for the patient age (in years, rounded to nearest decade).
’60-70’, ’70-80’

input.clinical_protocol.patient.body_part_examined

The exposed body part.
’WRIST’, ’HAND’

input.clinical_protocol.patient.view_position

The view of the exposed body part.
’PA’, ’AP’

input.calibration_protocol.source.kvp

The voltage of the X-ray source.
52, 60

input.calibration_protocol.source.dose

The output dose of the X-ray source (in mAs; not patient dose).
2, 3.6

input.calibration_protocol.detector.serial_number

Serial number of the detector/panel.
’VFDBAUXXX’

processing.success

Whether the exposure was processed without error.
true, false

processing.qa_mode

Whether the exposure was received during the system QA procedure.
true, false

bh.osteoporosis

Whether the patient was flagged as at risk of osteoporosis.
true, false

bh.abmd_udr, bh.abmd_tdr
Estimated aBMD of the patient in the UDR or TDR.

0.2935, 0.7658

bh.tscore_udr, bh.tscore_tdr
Estimated T-score of the patient in the UDR or TDR.

-2.7, 1.2

Metric Example values

Table 13: Examples of analytics filters.

processing.success and not processing.qa_mode

Return all patient exposures with a valid bone health assessment, regardless of outcome.

bh.osteoporosis

Return all exposures for patients flagged as at risk of osteoporosis. Note: this will implicitly reject all
records for which the bh.osteoporosis value is null (no recorded value), which occurs when processing
fails or data is used for QA.

not bh.osteoporosis

Return all exposures for patients not flagged as at risk of osteoporosis. This will also exclude records for
which the bh.osteoporosis value is null.

patient.sex == ’male’ and patient.age_bracket == ’50-60’

Return all exposures for male patients aged between 50 and 60. Warning: the age bracket is always
specified as a decade (e.g., here ’50-60’); trying to use a different interval (e.g., ’55-60’ or ’50-70’)
will result in no record matched. If a larger age range is required, please see the next example.

Example filter

Continued on next page
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Table 13: Examples of analytics filters. (Continued)

patient.sex == ’male’ and patient.age_bracket in [’50-60’, ’60-70’, ’70-80’]

Return all exposures for male patients aged between 50 and 80. The list of age brackets can be edited to
include any other bracket, gaps are allowed.

input.calibration_protocol.source.dose > 3

Return all exposures with a dose greater than 3mAs.

Example filter

4.4.9 How to Use the Dashboard Page

Figure 29: Dashboard web page, showing received data sets (1), the current status of the processing pipeline
(2), and the summary history of received datasets (3). For each data set, a button (4) is available to download
all reported alerts in JSON format, for troubleshooting purposes. A second button (5) is also available to
download associated files, if the feature is enabled during commissioning. Errors and warnings are reported
under each dataset (6), with the error code, description, and a “More details” button to display the full error
information.

This web page includes real-time (and continuously refreshed) information about the software processing
pipeline. In what follows, a “data set” means a single X-ray exposure, its corresponding DICOM files, any
accumulated errors and warnings, and processing outcome. As shown in Figure 29, the information displayed
on this page includes:

• Summary statistics about the current status of the pipeline as a graph (top-left). This includes the
number of data sets currently located in each step of the pipeline.

• Summary statistics about the outcome of each data set that has gone through the pipeline (top-right).
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This includes the number of data sets that have failed in each step the pipeline, and the number of
data sets for which the output was successfully sent.

• Detailed information about each data set that has been received by the software (bottom). This
includes the location and status of the data set in the pipeline, the date at which it was received, as
well as the list of alerts (errors and warnings) that have been triggered for this data set. Buttons are
available to download parts of the data set.

The displayed data can be filtered to specific time ranges using the control at the top of the page. The “Live
Pipeline” graph is only displayed for the “Live/Today” time range. Data is retained only for a duration
configured by the service engineer during commissioning.

This page also includes controls to flush or clear the pipeline; these controls are not enabled in the clinical
interface, and can only be used by a service engineer.

4.4.10 Expression Language

Type Description
null This is normally used to indicate the absence of a value (e.g., an expected value

was not recorded or not supplied). This type can only have a single value: null.
boolean This is used for logical operations. This type can only have two values: true

or false.
number This is used to represent numerical values. This type can have a range of

values, either integers or fractional, positive or negative, finite or infinite.
string This is used to represent textual or coded values. This type can have a range

of values, from an empty string (no content) to very large strings. Strings are
denoted either with 'single quotes' or "double quotes"; this is equivalent.
Strings are case-sensitive, so 'abc' is not the same value as 'ABC'.

array This is used to represent an list of values. This type can have a range of values,
from an empty array (no content) to very long arrays. Arrays are denoted with
['square', 'brackets'] (this is an array containing two strings). Arrays can
contain values of different types.

object This is used to group a set of named values (or “fields”). This type can have
a range of values, from an empty object (no content) to very large objects.
Objects are denoted with {'curly': 'brackets'} (this is an object containing
a single field). Objects can contain values of different types, though the name
of a value must always be a string.

Table 14: List of types available in the expression language.
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Operator
a[n] (array or object access)

a.b (object access)
-x (number negation)
not x (boolean NOT)

x**y (exponentiation)
x*y (multiplication)

x/y (division)
x%y (modulo)
x+y (addition)

x-y (subtraction)
x<y

x<=y

x>y

x>=y

(comparisons)
x==y (equality)
x!=y (inequality)
x in y (inclusion)

x not in y (exclusion)
x and y (boolean AND)
x or y (boolean OR)
x if y else z (conditional)

Table 15: List of operators available in the expression language. The list is ordered by decreasing precedence,
i.e., if an operation involves multiple operators, the operators at the top of the list are evaluated before the
ones listed below (e.g., in a + b * c, the operation b * c will be evaluated first, followed by a + ...,
because * has a higher precedence than +. Operators with the same precedence are evaluated left-to-right.

Function Meaning
min(a,b) (numbers only) Produces either a or b, whichever is the smallest.
max(a,b) (numbers only) Produces either a or b, whichever is the largest.
abs(a) (numbers only) If provided a negative number, makes the number positive.

Otherwise returns the input number.
sqrt(a) (numbers only) Produces the square root of the number.
round(a)

floor(a)

ceil(a)

(numbers only) Rounds the number to an integer, either the nearest integer
(round), the fist integer lower than the provided value (floor), or the first
integer higher than the provided value (ceil).

len(a) (arrays and strings) Produces the length of the array or string (0 is empty).

Table 16: List of common functions available in the expression language (not exhaustive).

The language used for configuring expressions (filters, etc.) is called jsonexpr. This section provides a brief
summary of the rules of this language:

• The language is used to create “expressions”. An expression is a set of operations that produces a
value. For a filter expression, the produced value must be either true or false.

• An expression can reference values and variables of different types. The list of available types is
provided in Table 14.

• An expression can access any number of variables that are made available by the software; the list of
available variables depends on the context in which the expression is evaluated.
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• An expression can operate on values and variables using the list of operators provided in Table 15.
The meaning of these operations matches the standard mathematical meaning, or the

• Arrays and strings can be “sliced” to produce a sub-array or sub-string, using the notation a[b:c] to
extract the range from b (included) to c (exluded), a[:c] to extract the range ending at c (excluded),
or a[b:] to extract the range starting from b (included).

• An expression can call any number of functions. The list of available functions is provided in Table 16.
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