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Abgtract: 3D scanning as an innovative method of obtainipgciic substrates for the design of prosthetitvatit
devices is now becoming increasingly popular. Ttheaatages of this technology over the classic wataking the
dimensional and shape characteristics of partkehtiman body are its non-invasiveness, speedyiamgland, more
recently, the possibility of using a low-cost 3Casner, thus reducing economic demands and maketgtihnology
available to most orthopaedic technicians. Thelartiffers a comprehensive overview of the corpesitioning of the
hand and fingers for selected types of grippingvals as possible complications in their scannimgy,the achievement
of correct digital models applicable to the desi§personalized orthotic devices.

1 Introduction human hand is a highly mobile organ that allows
Today, technological developments offer severdlombination of several movements [1].
possibilities for obtaining detailed informationaai the The bones of the hand are arranged into three sirche

internal structure of objects. Digitising the oustvape of Which are reinforced by the inner muscles of thadha
real objects becomes a standard tool in variousisee.g., Those are two transverse arches and one longitatle a
engineering, quality management, forensic sciences, Most of the activities are done between the thumb a
archaeology and medicine, especially in the fiefd dorefinger or middle finger, the remaining two rifiggers
prosthetics and orthotics. For these purposescabrers, and the little finger serve as auxiliary fingers.

devices that convert a real object into a digitadnf, The grip can be generally defined as active hagdifn
capture information about the shape, dimensions aA@ object with a purpose of holding it and usinfpitan
texture of real objects, and then transform theto m activity. For an optimally performed grip not ofignd and

d|g|ta| form for further Computer processing [1] the entire upper limb must take the rlght pOSItimm; also
the body and its individual functional segmentanfrithe
2 Hand and its basic functions typology point of view, grasping can be dividedi@tmain

In the process of human development, the hand @laygroups, on precise (fine) grasping and power (force

one of the key tasks. The interaction of the haraheorgan grasping [1].[2]' . Lo
that enables work, and work as an activity thatoand 7O Precise grasping, the object is located betvigen
improves the hand, has a decisive impact on tips of the fingers and thumb, while the thumbnsthe

development of the relevant areas of the braimgtheon abduction. These grips provide precise and gentle

the development of man as an animal species with vement With objects thatlare small and f_rfag_im:l ean
exceptional position in nature. The human hand e divided into lateral, terminal and oppositiompgr{3].

g : : " he power grasping is used when the object neetle to
distinguished from other animals by creating théitglof ; . C
the thumb opposition, i.e., converting the handnfrine hheld tt))y fort;)e. Flngerr]s ter;)q to bend in one dlre. mm_d trfl? h
movement organ (used in walking) to the grippingaor. thumb embraces the object. Power grasping Is furthe

The main function of the hand is to grasp the dbged divided into cylindrical, spherical, hook and diieaal
press it with such force that the hand can movetject. grp.
The hand with the wrist, as its functional parfsists
of 27 bones, has over 20 joints and 33 differensatas
and nerves patrticipating in controlling its movemndrhe
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When scanning with the fingers in adduction, i@
possible to capture the gap between the fingerst iso
necessary to count on the fact that the seconietdifth
finger will be captured as a single unit (Figuret®)wever,
digitisation itself is simple and there is no néeébcus on
scanning the lateral aspects of individual fingers.

3 Hand 3D scanning

Before the scanning of upper extremities, it isisalvie
to know the purpose for which the digitization diet
segment is carried out. If the model of the limoiserve
as a blueprint for designing of an orthopaedic c&vit is
necessary to consider the functional purpose ofiévie.
Should the function be dynamic or static? If thgnsent
needs to be fixed, it is advisable to perform andoathe
position in which the segment should be fixed. The
scanning position also depends on the quality wiripr
areas [3].

When digitising the entire upper limb, it is optinta
capture the subject in a sitting position with tpper limb
abducted (120° to 160°), ensuring an appropriearsog
distance and relatively free access from all sitleghis
position, however, it is necessary to know thatshiject
may not maintain a sufficiently static positiondan the
distal part of the limb, movement may occur, whichy o . ] o
not be compensated when processing the digital mode When digitising the hand with abducted fingersisit
This creates a risk of reduced accuracy of theltiegu €ssential to adjust the gap between each fingethatat
model, its morphological deformation as well as théan capture their lateral aspects well (Figurdf3he gaps
formation of artefacts and bifurcated scans dughto are too wide, the natural position of the handbi bnd

Figure 3 Scan of the hand area with the fingers in a mutual
abduction

impossibility of correct alignment (Figure 1).

Figure 1 Example of a bifurcated model

When scanning the area of the hand and forearis, it

advisable to stabilize the elbow joint by restihggainst
the mat, thus significantly facilitating the ahjilio keep the
distal segment in a stabile position. The positérthe

thumb and fingers must be chosen according touhgose

to which the model will serve. The thumb may be

positioned in opposition if the resulting positiof the
model of the hand is to be rested or active, arrgposition
if the aim is to focus on the entire palm areagEns can
be digitized in mutual adduction or abduction.

Figure 2 Scan of the hand area with the fingers in a mutual
adduction

passes into the form of a spherical grip, if thpggare too
narrow, it is difficult to obtain a model with septe
fingers without deformations and artefacts.
When digitizing the fingers, it is necessary to pay

attention to the area of distal digits and scaretiteée area

of the edge of the nail, especially from the palside. The
area of distal digits is critical in the formatiofhthe model

in terms of the risk of deformities and artefaéiig(re 4).

Figure 4 Artefacts on the distal finger digits

3.1 Grasp scanning

The following four grips - spherical, cylindricdteral
and opposition grip - are selected to showcaseptiens
within the grasp scanning.

3.1.1 Spherical grip

The distal (DIP) and proximal interphalangeal (PIP)
joints are approximately in 30-degree flexion ame t
thumb is abducted relative to the metacarpophakdnge
(MCP) joint. Forces are formed between the fingasthe
palm.
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3.1.2 Cylindrical grip

With the cylindrical grip, fingers and thumb are in
flexion and the thumb embraces the object in th@osipe
direction to the fingers. Scanning the cylindriaaip
without the object is quite difficult. This grip rabe
scanned with the second to the fifth finger withtual
abduction (Figure 8). In the first case, it is possible to
capture the gap between the fingers and therefoi® i
necessary to know that the fingers will be captuaedc
single unit. However, it is possible to modify aseparate
them. When scanning the cylindrical grip withoute th
object, it is difficult to capture the ventral saces of the
fingers, as they are strongly oriented towardspiden. It
is therefore appropriate to be aware of reduced sca
jaecuracy and possible occurrence of artefactsisnattea
and thus the need for a higher degree of additional
modification and modification of the model.

Figure 5 Scan and photography of a spherical grip

The spherical grip is relatively simple from a stiag
perspective (Figure 5). Since the fingers are irtualu
abduction, it is possible to take a good scan eif thteral
aspects. If the wrist is positioned between 45fpalto
60° dorsal flexion, the dorsal aspect of the hanery well
digitized. It is necessary to focus on the distatpof the
fingers and when scanning with a holding objecttiun
transition between the object and fingers, where t
transition between the texture of the object arelhthnd
doesn’t have to be clearly defined (Figure 6).

Figure 6 Scan and photography of a spherical grip with an
object

A well-captured texture of both the hand and thiel he
object — the apple (Figure 7) is visible on thensCehe Figure 8 Scan of a cylindrical grip without an object with

fingers are clearly separated, also the aspetiegbalm is adducted and abducted fingers
taken. Distal digits that are free of artefacts afso
digitised. In the case of scanning the cylindrical grip with

separate fingers, it is necessary to appropriatsgate a
gap between each finger in order to maintain thg gtile
at the same time make it possible to capture tterda
aspects of each finger with enough precision. is ¢ase,
it is often to redo the positioning and recapture grip.
Making a suitable scan of the cylindrical grip vaith the
object requires experience in finger and hand ioositg
as well as in scanning.

While the most difficult part is to capture the ipakr
aspect of fingers, when grasping the object, ttoblem is

Figure 7 Example of a spherical grip with an object
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eliminated. It is necessary to focus on setting the
appropriate gaps between each finger (Figure 9).

Figure 10 Opposition grip without an object

On the scan of the opposition grip without the obje
the arches of the hand are clearly visible, as aglthe
articulated areas of the fingers, creases and gedming
(Figure 10).

Figure 9 Cylindrical grip with an object

3.1.3 Opposition grip
It represents a press between the volar side giule
of the last digits of most of the first three fingig.e., three-  Figure 11 Opposition grip with an object - whiteboard marker
point (but it can also be four points). Itis mginked when
holding stationery. As can be seen in the images of the oppositiorvgtip
Scanning an opposition grip without an object ishe object (whiteboard marker), the quality of tesulting
relatively easy, but if a scan with a grasped dbjsc scan is excellent, as the requirement for extenfsarth
required, the process is complicated. The qualityhe and fifth finger in the MCP joint has been met ¢émaks the
resulting model depends heavily on the positionthef digitization of the palm as well as the palm aspedtthe
fingers, which do not participate in the graspiiigs best fingers has been allowed (Figure 11).
if they are extended in MCP, proximal and distal
interphalangeal joints in mild flexion, thus allowifor the
scanning of the palmar area.
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Figure 12 Opposition grasping with flexed and extended fingers

Figure 14 Exanple of an unsuitable positioning during scanning

The figure shows an example of inappropriate
positioning when scanning. The dorsal part of twedand
fingers as their distal aspect are very well adbkss
However, the held object (an apple) prevents tiptuciag
of the palmar aspect, where the non-compliant malqoy
and texture of the hand as well as the apple itiself
subsequently created (Figure 14).

3.1.4 Lateral grip

With this grasp, considerable force can be exesrd,
the tool coordinated. The thumb is in adductiontio&
radial aspect of the second fingers second digis rip
is important for the coordinated handling of snadijects.

Scanning the lateral grip, whether with or withthe
object, is quite easy. The resulting scans are aafdg
quality, mostly without obvious deformations oredarts.
Second to fifth finger may be flexed in both MCH Rnd
DIP joints (in which case it is important to payoss
attention when scanning the contact of distal gligitd the
palm) (Figure 15) or with flexed MCP and PIP joiatsd

The figure shows an example of a scan with flexegyiended DIP joints (Figure 16).

fingers and the subsequent creation of artefadtseimrea
of the handled object, thumb and distal digit & second
finger (Figure 12). Represented below is a scahefame
subject with extended fingers and therefore enapgite
for data collection.

Figure 13 Artefacts between the second finger and the thumb

The picture below presents an insufficient scathef

Figure 15 Visible deformity of distal digits with flexed DIP
joints

palmar aspect of the thumb and the second finger,

therefore, there is no clearly defined surface aag
between these aspects (Figure 13). The artefaceided

when the model is processed and edited to fillhe t

missing data. It can be deleted by changing thekcfill
setting or by modifying the created model.
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Figure 16 Satisfactory scan of the lateral grip without an object

Digitising the hand in selected resting, functiora
gripping positions with a selected object or in its
pathological position is currently advantageousCi\D
designing of personalised orthotic devices in teofritheir
function as well as the offering of countless alédive
options for model modifications.
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3D scanners currently have a major impact on both

medical research and practice, and their use éoptinpose
of obtaining the shape and dimensional paramefettseo

human body is very beneficial.
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