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Assessment of dimensional and geometrical data on the humeral head
replacement (HHR) objects is essential for solving the relevant designing
problems in the physics of reverse engineering (RE). In this work, 2D-assess-
ment for human humerus was performed using the computed tomography (CT)
technique within the RE plan, after which the 2D images of humeral objects
were converted into 3D images. The conversion was successful and indicated
a clear difference in the 2D and 3D estimates of sizes and geometry of the hu-
merus. The authors have analyzed and confirmed experimentally the statistical
information on the relevant anatomical objects. The results of finite-element
simulation of the compressive stresses affecting the geometry of 3D surface
mapping were analyzed using SolidWorks software. For developing the bio-
mechanical design of an HHR object suitable biomaterials were selected, and
different metal-based biomaterials are discussed as applied at various loads.
New methodology is presented for the size estimation of humeral head — both
anatomical and artificial — in 3D-shape. A detailed interpretation is given for
the results of CT D-measurements.

Keywords: humeral head, dimensional assessment, image metrology,
HHR design, 3D surface mapping.

1. INTRODUCTION

Dimensional metrology plays a highly important role in the plastic surgery,
especially concerning the human joint replacement. This metrology, with inclusion
of the X-ray computed tomography (CT) technique and image processing, is a sig-
nificant tool of designing the engineering objects [1-3].

The anatomical human joint is the location of two or more connected ele-
ments or objects. From the viewpoint of engineering the human shoulder joint is a
natural wonder. The shoulder joint is constructed to allow its movement and provide
mechanical support; it consists of four main parts, numerous ligaments and muscles
working synergistically [4]. The humeral head (HH) — a ball (half-sphere) located
at the upper end of humerus — is an important object in the replacement of a human
shoulder joint [5]. Patients treated for glenoid problems may require revision to the
total shoulder arthroplasty due to the HH arthrosis. Therefore, the 3D surface map-
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ping for developed design of an HHR object deserves a wide analysis.

In this paper, the CT technique is used to obtain precise dimensions and geo-
metric shape of humeral head, with validation and simulation of the design proposed
for the metrology of HHR objects as a reverse engineering (RE) tool. The finite-ele-
ment (FE) analysis for 3D surface mapping is used to study the mechanical behavior
of a humeral head in real-life situations.

For visualization of humeral head — both anatomical and made of artificial
materials — a method is proposed which has been confirmed by FE analysis of both
compression stresses and surface deformations for developed HHR object in 3D
mapping. We also describe a biomechanical design proposed for the humeral head.
The results of our studies would make it possible to better optimize this design so
that it is suitable for the total shoulder joint replacement.

2. MATERIALS AND METHODS

The artificial materials for human joints in most joint implants are combined
from two components, one of them from metal and the other from polymer [6].
The two implanted components can rub together smoothly, while minimizing debris
based on the frictional wear mechanism. The most common metal bases for bioma-
terials used in orthopaedic implants are aluminum foam as well as cobalt-chromium
and nickel-titanium alloys. In this work, of importance are the dimensions and geo-
metrical shape of the anatomical shoulder humerus as a target object. Physical and
mechanical properties of the selected biomaterials are presented in Table 1.

Physical and mechanical specifications of biomaterials for HHR design el
Biomaterial Density Elasticity Poisson’s ratio  Comp. strength
(Kg/m?) modulus (MPa) (MPa)
Co-Cr [7] 8300 210000 0.30 1150
Ni-Ti [8] 6450 79000 0.33 895
Al-foam [9] 900 6000 0.32 30
Bone [10] 1900 17200 0.32 135

For the computed tomography a HiSpeed-dual machine was used. Under in-
vestigation were four cases corresponding to the number of healthy young volun-
teers. The CT measurement procedures were controlled by the experts in anatomy
and radiology using the CT method for displaying the 2D transverse section images.
The digital conversion of 2D standard images in the DICOM" format into 3D im-
ages with precise dimensions required the use of special computer programs such as
Vesalius, MeshLab and 3-matic packages. The InVesalius version was used to read
the standard 2D DICOM data generated from CT, and to construct the 3D standard
triangle language (STL) model. The 3D visualization by images is of significant
interest for understanding the properties of HH surface structure. The processing
of 3D STL data was performed by the 3D editing MeshLab software. Conversion
of the 3D model required the use of special 3-matic software — the unique software

"Digital Imaging and Communications in Medicine
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which is able to endow the AutoCAD tool with pre-processing (meshing) capabili-
ties [11]. The standard deviation (SD) in the measurements was calculated using the
n-1 method:

N2
oo [ZE=X) W

(n=1)

where 7 is the number of measurement runs.

The SolidWorks software is a 3D computer-aided design (CAD) running un-
der MS Windows package. The software uses the FE method to compute the results
of stresses and displacements relative to the geometry of the parts under internal
and external applied loads, thus making it possible to optimize and validate each
design in order to ensure its quality, performance and safety [12]. In this work, Solid-
Works-2013 software was applied for analyzing the stress distribution and displace-
ment of surface deformations. This was done in 3D for different suitable biomateri-
als at various loads applied to a HHR object.

3. SETTING UP AND PROCESSING

The work was set up in three main phases or processes. The first was measur-
ing of the right shoulder humerus for four volunteers using CT technique in 2D im-
ages at the same conditions. The second one deals with using the software packages
for conversion of the anatomical humerus 2D-CT images to 2D-DICOM, 3D STL
and then to 3D images. The third phase is the complete conversion procedures from
2D image into 3D solid body, which are done as follows.

* Measuring the dimensions of the object using the HiSpeed CT scan tech-
nique.

* Converting the CT scan 2D-image into 2D data using DICOM reader soft-
ware.

» Converting the DICOM data into a 3D STL model by InVesalius software.

» Editing the 3D-model and smoothing by means of MeshLab.

» Editing the 3D solid-body using 3-matic software.

The conversion aims at obtaining a clear field of details in the assessment of
dimensions and geometry of the proposed HHR design. The third stage of the pro-
cess is based on the use of SolidWorks software package in order to build the 3D
maps of the proposed humeral head and clarify the extent of changes in the geomet-
ric mapping at different designing conditions.

3.1. CT measurement and 2D-3D image conversion

The CT scan images have been done and stored in the DICOM form, which
cannot be easily decoded to visualize the actual image without proper hardware that
is normally associated with the scanner. The cost of such a system is very high;
therefore, it was necessary to visualize these images in the proper form to make them
helpful for medical practitioners as well as for engineers so that they could better
understand the anatomical structure or the abnormalities associated with the patient
[13]. Special InVesalius software was used to read the 2D DICOM data generated
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by CT method and then to construct a 3D STL model of the humerus bone that was
exposed to radiation (Fig.1). The data processing and editing 3D STL was performed
using 3D MeshLab software (an open source program — a portable and extensible
system for processing and editing the unstructured 3D triangular meshes). Figure 2
shows the results of editing process. The visualization capability for conversion into
3D image of the humerus is presented in Fig.2b. Now, it becomes possible to have a
3D solid body image from the 2D DICOM data generated by CT method.

Fig.2. A 3D solid body for the right chest and shoulder joint: (a) before editing (b) after editing
3.2. Dimensional Measurement of Anatomical Humerus

To provide a better way for designing artificial humerus for replacement, it is
important to know precisely the anatomical dimensions; besides, it is necessary to
select the most efficient biomaterials that are suitable for the HHR and, therefore,
to measure and analyze the anatomical dimensions. The 3D images generated from
2D-CT ones for four right-shoulder humeri of the volunteers (two males and two
females) were measured using MeshLab software. Table 2 gives the comparative
results obtained at room temperature.
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Comparative data for four volunteers

Table 2

Females Males

Parameters of volunteer

F#1 F#2 M#1 M#2
Age, years 21 21 24 21
Weight, kg 60 56 73 76
Height, cm 163 157 180 183
Bone density, 1561.50 1286.67 2042.67 1522.33
kg/m? (Hounsfield) ' ' ' '

Figure 3 shows four commonly measured dimensions of humerus bone:
Part I, Length A-B: the maximum height of the humerus.

Part 11, Section C-D: the humeral head diameter.

Part III, Section E-F: the bone width at the median.

Part IV, Section G-H: the trochlea humerus.

Fig.3. Dimensions of human humerus bone

3.3. Dimensional Analysis of Anatomical Humerus

Measurement results must have a degree of doubt, regardless of precision and

accuracy. This is caused by two factors: the limitation of the measuring instrument
and the skill of the person making the measurements [14]. Therefore, we have cal-
culated the average measured values and the standard measurement deviations. The
results for different positions of humerus are presented in Fig.4, where difference
between these values for females and males is clearly seen.
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Fig.4. The mean of dimensional measurement results for anatomical humerus bone
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The anatomical humerus length (A-B) varied from 291.97 mm to 294.77 mm
(standard deviation £ 1.39 mm) in females and from 322.12 mm to 322.36 mm (stan-
dard deviation + 0.12 mm) in males. The average in all measurements is 293.36 mm
and 322.24 mm for females and males, (standard deviation = 14.44 mm). Thus, it
can be inferred that the observed difference in dimensions of anatomical humerus is
probably due to genetics and environmental conditions of human life.

3.4. Confirmation of the Measurement Accuracy

Previous researchers tried to compare and explain the phenomenon of differ-
ence in length between the right and left humeri of humans [15,16]. The average
length of the humerus was found to be 344.8 mm + 0.63 mm for the males and 316.6
mm = 0.36 mm for the females [15]. In [16], the maximum length of the dry humeri
for adults from sex-aggregated Indian population are reported to be 299.6 mm + 22.5
mm and 309.6 mm =+ 20.6 mm for the left and the right hand, respectively. Thus, the
average length of the left-hand humerus is here 304.6 mm + 7.1 mm. One possible
explanation for the humerus asymmetry is the handedness” [15]. In the present work,
mean lengths were compared with the values recorded in other studies [15,16].

The reported results on the humeral head length were 330.70 mm = 19.9 mm
[15] and 304.6 mm = 7.1 mm [16], which is within the limits obtained in the present
study (see Fig.5). Analysis of this comparison has confirmed that the measurement
results of the present work are located within the upper limit (UL) and lower limit
(LL) of the worldwide published international results. Therefore, it could be said that
the presented results of D-measuring the human humerus bone are confirmed.
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Fig.5. Comparison of the mean humerus sizes measured by different authors

4. ANALYSIS OF 3D SURFACE MAPPING FOR ANATOMICAL HUMERAL
HEAD

The stress analysis and the surface deformation of anatomical humeral head
are presented using the maximum von Mises stress criterion. Reconstruction of the
bone geometry and artificial structures of the anatomical humeral head are illustrated
in Fig.6, with more than 8058 and 5838 elements, respectively, meshed via Solid-
Works software. In this figure, the details of boundary conditions obtained by the FE
method are given for the anatomical and artificial HH shapes. The FE solid mesh
analysis is optimal for understanding the behavior of each biomaterial under differ-
ent compressive loads, thus helping to develop the biomechanical design of artificial
HH shape that replicates the anatomical one.

"Handedness is the unequal distribution of kinetic skills between the left and right hands.
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(b)

Fig.6. Solid mesh of humeral head created in SolidWorks: (a) anatomical shape (number of nodes
12134; number of elements 8058); (b) artificial shape (number of nodes 10423; number of elements
5838)

4.1. 3D Stress Analysis of the Proposed Design for Anatomical HH

The simulation details of FE method are shown in Fig.7, where the data are ac-
quired from the stress analysis of bone HH at the minimum and the maximum com-
pression loads for Co-Cr alloy. In this figure it is seen that using the 50 N compres-
sion load gives the minimum stress point value of 26,404.4 N/m? and a maximum of
2,591,936.0 N/m?. The use of 3000 N compression load leads to the minimum stress
point value of 1,584,263.8 N/m? and the maximum of 755,516,160.0 N/m?.

The compression stress analysis of Al-foam humeral head under 50 N and 3000
N loads gives the following stress point values: the minimum/maximum of 26624.8
N/m?/12697708.1 N/m? and 1597571.2 N/m?*/761862496.0 N/m?, respectively. Such
analysis for HH from Ni-Ti alloy at 50 N and 3000 N compression load gives re-
spectively: 26,035.3 N/m?/12,297,728.0 N/m? and 1,562,117.8 N/m?/737,863,616.0
N/m? The same analysis for bone humeral head at 50 N and 3000 N compression
load gives respectively: 26,100.5 N/m?/12,399,809.0 N/m? and 1,566,032.5 N/
m?*/743,988,544.0 N/m?.
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Fig.7. 3D stress distribution over humeral head

Comparative results of stress analysis for anatomical humeral head — both
natural bone and the replications from Al-foam, Co-Cr and Ni-Ti alloys — at the
minimum and the maximum compression loads are presented in Table 3.
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Table 3

The maximum/minimum compression stress points (N/m?) for humeral head
Load, N Bone Al-foam Co-Cr Ni-Ti
50 26101/12399809 26625/12697708 26404/12591936 26035/12297728

3000 1566032/743988544 | 1597571/761862496 | 1584263/755516160 | 1562118/737863616

4.2. 3D Surface Deformation Analysis of the Proposed Design for Ana-
tomical HH

The details of simulated behavior of HH surface deformation obtained by the
relevant analysis using SolidWorks are shown in Fig. 8 for Co-Cr at the minimum
(50 N) and the maximum (3000 N) compressive loads. In the former case the mini-
mum displacement was 1.000E-030 mm and the maximum — 1.676E-003 mm. In
the latter case (using 3000 N compressive load) the minimum displacement was also
1.000E-030 mm and the maximum — 1.006E-001 mm. The results of deformation
analysis for the Ni-Ti humeral head at different compression loads (not illustrated
by a figure) are as follows. In the case of 50 N compression load the minimum dis-
placement was 1.000E-030 mm and the maximum — 4.430E-003 mm. Using 3000
N compression load leads to the minimum displacement of 1.000E-030 mm and the
maximum of 2.658E-001 mm.
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Fig. 8. 3D surface deformation of humeral head at different loads.

Comparative values of the maximum and the minimum surface deformation
at different loads for the 3D anatomical and artificially-shaped HH made of different
biomaterials are shown in Table 4.

Table 4
Maximum surface deformation (mm) for different HH biomaterials
Load, N Bone Al-foam Co-Cr Ni-Ti
50 0.02038 0.05855 0.001676 0.004430
3000 1.2230 3.5070 0.1006 0.2653

Thus, Figs. 7, 8 as well as Tables 3,4 give accurate description of the new
methodology for evaluating the surface shape of anatomical humeral heads.
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5. DESIGN AND DEVELOPMENT OF 3D SURFACE MAPPING FOR ARTIFICIAL
HUMERAL HEAD

The methodology for stress and surface deformation analyses of artificially
developed humeral heads (HHs) was worked out using SolidWorks software. The
artificial components at a typical shoulder joint replacement include a humeral head
made of matal-based biomaterial, and a glenoid made of polymeric biomaterial. This
section focuses on the functioning of developed humeral head. The design of the
artificial HH is done according to the precise measurements and the results of analy-
sis (mentioned previously) using the AutoCAD tool (Fig. 9). The analysis was per-
formed in order to obtain results about how the artificial design responds to different
factors, such as load, type of material, and type of test. The dimensions of the global
humeral head implant are assessed based upon the observed variability in humeral
head sizes in the normal shoulder [17-18]. The stress and surface deformation analy-
ses were done on the artificial HH using three different biomaterials: Co-Cr alloy,
Ni-Ti alloy, and Al-foam (their properties were described previously in Table 1).

I Thickness

48 nun HH diameter 21 mm HH height 6 mm Nail diameter 40 nun Nail length

Flevation view Side view

Fig.9. Dimensions of the humeral head (HH) design obtained using AutoCAD.

5.1. 3D Stress Analysis of the Proposed Design for Artificial HH

The 3D stress analysis of artificial humeral head from Co-Cr alloy exposed
to different loads is illustrated in Fig. 10. The analysis is based on the finite-element
(FE) simulation. The results are as follows. The use of 50 N compression load re-
sults in the minimum stress of 721.3 N/m? and the maximum of 120,509.8 N/m?.
The 3000N compression load gives the minimum stress of 43.279.9 N/m? and the
maximum of 7,230,586.0 N/m2.
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Fig. 10. 3D stress analysis of artificial humeral head.
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The stress analysis of the Al-foam humeral head at compressive loads is as
follows.

The 50 N compression load generates the minimum stress point of 781.9 N/m?
and the maximum of 116,997.0 N/m?> while the 3000 N compression load produces
the respective minimum/maximum stress values of 47,204.7 N/m? and 7,027,467.0
N/m?2. In turn, the stress analysis of Ni-Ti alloy artificial humeral head under com-
pressive loads is as follows. The 50 N compression load gives the minimum stress
point of 817.9 N/m? and the maximum of 115,272.4 N/m?, while the respective val-
ues using 3000N compression load are 49,376.5 N/m? and 6,922,929.0 N/m?. Com-
parison of the maximum and minimum stress analyses for 3D artificial HH using
different biomaterials at 50 N and 3000 N loads is shown in Table 5.

Table 5
Minimum/maximum stress points (N/m?) of artificial humeral head
Load, N Al-foam Co-Cr Ni-Ti
50 782/116997 721/120510 818/115272
3000 47205/7027467 43279/7230585 49376/6922929

5.2. 3D Surface Deformation Analysis of the Proposed Design for Artifi-
cial HH

The simulation results of the surface deformation analysis using FE Solid-
Works are presented in Fig. 11 for Co-Cr alloy. The analysis for the Co-Cr alloy
based humeral head at compressive loads is as follows. The 50 N compression load
generates the minimum surface displacement of 1.000E-030 mm and the maxi-
mum of 7.621E-006 mm as shown in Fig.11a. In turn, the 3000 N compression
load produces the respective minimum/maximum displacement values of 1.000E-
030 mm/4.573E-004 mm, see Fig.11b. The surface deformation analysis of Al-foam
humeral head at 50 N and 3000 N compression loads is as follows. The use of 50 N
compression load results in the minimum displacement of 1.000E-030 mm and the
maximum of 2.617E-004 mm. The 3000N compression load gives the minimum
displacement of 1.000E-030 mm and the maximum of 1.570E-002 mm.

The surface deformation analysis of Ni-Ti alloy artificial HH under compres-
sive loads is as follows. The 50 N compression load gives the minimum displacement
point of 1.000E-030 mm and the maximum of 1.969E-005 mm, while the respective
values using 3000N compression load are 1.000E-030 mm and 1.660E-003 mm.
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Fig.11. 3D surface analysis of artificial humeral head.
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Comparison of maximum and minimum deformation of surface for 3D artifi-
cially-shaped humeral head using different biomaterials and loads is shown in Table
6. Thus, the new methodology for evaluation of the surface shape of artificial HH has
been accurately described.

Table 6
Maximum surface deformation (mm) of artificial humeral head
Load, N Al-foam Co-Cr Ni-Ti
50 2.617-10* 7.621-10° 1.969-10°
3000 0.01570 0.000457 0.001166

6. RESULTS AND DISCUSSION

The visualization capability for conversion of 2D image of anatomical hu-
meral head bone into 3D image is illustrated in Fig.2b. The dimensions and standard
deviations of anatomical humerus bone found for different volunteers are shown in
Fig.4. The measurement results for the humerus dimensions have been assessed and
confirmed by comparison with the data of other researchers (see Fig.5). A methodol-
ogy for the evaluation of humeral head in both anatomical bone shape and artificial
shape has been accurately described above. It is of value to establish visual corre-
spondence of 3D surface as shown in Figs.7-11 to recieve a good idea and intuitive
sense of how to visualize the effect of compressive loads. However, the successful
design of developed HHR requires verification of the impact of such loads in FE
analysis. Series of FE computations that have been carried out to study the 3D dis-
tribution of the compression stresses and surface deformations for replacement of
anatomical and artificial HHs are illustrated above. The predicted deviations of the
surface mapping for the proposed artificially shaped humeral heads are presented in
Figs.12 and 13 for the optimum design conditions. The charts in Fig.12 present the
maximum compression stress and the maximum deformation for different biomate-
rials at different applied loads. These charts show that the correlations between the
applied force (N) and either the compression stress (N/m?) or the surface deforma-
tion (mm) are regulated linearly. With increase in the load applied under test, the
compressive stress increases almost similarly for all the materials used. If there are
large deviations in the surface responses, this is attributed to the degree of elasticity
of material.

8.0E+08

6.0E+08 -

2

(a) Compressive stress of anatomical humeral head ‘
- 2 - Bone

—&— Al-foam
—&—Co-Cr
—A—Ni-Ti

4.0E+08 -

Comp. stress, N/m

2.0E+08 -

0.0E+00 = ‘ ‘ ‘ ; ;

0 500 1000 1500 2000 2500 3000
Applied force, N

51



4.0

(b) Surface deformation of anatomical humeral head
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Fig.12. Chart of: (a) compression stress; (b) surface deformation due to compression stress for the
anatomical humeral head.

Figure 13 displays the charts for compression stress and surface deforma-
tion of selected biomaterials and their response to different applied loads for the
3D artificial humeral head at the same compression location. These charts show the
linear correlations between the applied force (N) and either compression (N/m?) or
displacement (mm). Presented charts evidence that the Co-Cr alloy has the best com-
pression stress resistance, which might be due to the toughness of the alloy. The
object made from Ni-Ti alloy has the worst compression stress resistance, probably
due to its excessive elasticity. The best material for humeral head in the deforma-
tion test turned out to be the Co-Cr alloy owing to its ability to resist bending under
compression, maybe due to the reduced yield. The aluminium foam material was the
worst in the deformation test because of large spaces between the foam molecules —
i.e. owing to its low density. It appears that different biomaterials and their surface
characteristics cause changes in the response of the material to different applied
loads. Similar results were found by the authors of works [19,20].
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Fig.13. Chart of: (a) compression stress; (b) surface deformation due to compression stress for the
artificial humeral head.
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Obviously, it is difficult and somehow incorrect to provide a general overview
of the physical activities of an individual based on the information collected on the
typology of a single bone (humerus). Nevertheless, the combination of these results
with other information collected by accurate anthropological analysis of the skeleton
could be useful and would help in understanding the functional stress pattern gener-
ated by physical activities.

7. CONCLUSIONS

The proposed biomechanical design of artificial humeral head replacement
(HHR) using different biomaterials has shown a good performance. The 3D FE
analysis into the stress distribution and surface deformation mapping for different
compressive loads applied to the humeral head are presented and discussed. There-
fore, conclusions based on the results of studying the biomechanical design behavior
are as follows.

1. CT scan as an accurate dimensional metrology technique helps to determine the
dimensions of the bone of a human, which is important for developing the HHR
design.

2. Conversion of the 2D CT image into a 3D image of the object could be per-
formed efficiently based on the relevant measurements and analyses.

3. The mean length of humerus bone in males is greater than that of females within
the accuracy of measurements. The obtained results for the dimensional assess-
ment of the human humerus bone agree well with those found by other researchers.

4. Visualization realized due to the FE simulation allows identifying the response
behaviors of humerus and humeral head — both natural and artificially shaped
from biomaterials within different metrologies.

5. The humeral head based on Co-Cr alloy has the best resistance to compression
stress and the minimum deformation of the surface as compared with other se-
lected biomaterials (based on Ni-Ti alloy and Al-foam).

6. The aluminium foam shows the worst results of 3D surface deformation as com-
pared with other biomaterials in the analysis (Ni-Ti and Co-Cr alloy based) due
to its high elasticity and low density.

7. It has been convincingly shown that the accurate dimensional metrology tech-
niques play an important role in the study and interpretation of the biomechani-
cal designs for engineering objects.

8. Analysis of the results provides a possibility to further optimize the HHR design
so that it is suitable for the total shoulder joint replacement.
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MODERNIZETS DIZAINS PLECA KAULA GALVINAS NOMAINAL,
IZMANTOJOT TRISDIMENSIJU VIRSMAS ATTELOSANU

Salah H. R. Ali

Kopsavilkums

Izméru un geometrisko datu novert&jums, kas attiecas uz pleca kaula galvinas
nomainas (PKGN) objektiem, nepiecieSams, lai risinatu virkni reversivas inzenierijas
(RI) problému. Saja darba cilveka pleca kaula galvinas divdimensiju novértgjums tika
veikts ar datortomografijas palidzibu (RI) ietvaros, un péc tam objekta divdimensiju
attelojums tika parveidots trisdimensiju. Parveidojums bija sekmigs, paradot pleca
kaula galvinas izméru un geometrijas atSkiribas starp 2D un 3D novértéjumiem. Au-
tori izanaliz€ja un eksperimentali apstiprinaja statistisko informaciju péc dota veida
anatomiskiem objektiem. SaspieSanas sasprindzinajumi, kuri ietekmé trisdimensiju
virsmas att€lojuma geometriju, tika analiz&ti ar gala-elementu simulacijas metodi,
lietojot programmu SolidWorks. Biomehaniskajam PKGN dizainam tika atlasiti
pieméroti materiali. Apspriesta dazadu biomaterialu ar metalisko pamatu reak-
cija uz mainigam slodzém. Tiek piedavata pleca kaula galvinas - ka anatomiskas,
ta maksligas - tris dimensijas mérisanas metodologijas. Dota datortomografisko
precizo mérijjumu rezultatu detaliz&ta interpretacija.
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