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Abstract

Purpose: Aim of the study is to make a clinical evaluation of parameters used in prosthesis design for the
humeral component applied in arthroplasty of the proximal upper extremity.

Methods: In our study the plain shoulder radiographs were used of 195 (101 male, 94 female) patients
aged 18-65 years (mean age, 38.8 + 11.5 years; males 35.4 + 11.6 years, females 42.5 + 10.2) with soft
tissue trauma, but no degenerative or structural disorder in the shoulder joint (fracture, tumour,
osteoarthritis etc.). Measurements were made on the radiograph of Head Height (HH), Frontal Base
Diameter of the Head (FBD), 3 points at 3 cm intervals from proximal to distal of the medullar canal at
surgical neck Endosteal Diameter (ED1, ED2 and ED3 respectively), Neck-Shaft Angle (NSA) and Head-
Neck Angle (HNA).

Results: According to the results, in the comparison of Groups I and III except the mean values of HH
and ED1 in other parameters, no statistically significant difference was determined. In the comparison
of Groups II and IV except the mean values of FBD and ED1 in other parameters no statistically
significant difference was determined.

Conclusions: In conclusion, the success of shoulder arthroplasty is explained well by the anatomic
structure and proximal humerus morphometric parameters examined in this study. In prosthesis design,
the differences in age and populations should be taken.
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Introduction

In current shoulder arthroplasty applied for traumatic and other
reasons (tumour, osteoarthritis etc.) developments in prosthesis
design and application have been reported to have resulted in
significant reductions in loss of labour force and mortality
[1-3]. The shoulder joint is one of the most mobile joints in the
body and one of the joints most exposed to trauma. Industries
established for the manufacture of prostheses have been
primarily in economically developed countries such as the
USA, Japan and the UK and with modern prosthesis
production conforming to the latest developments, the products
are marketed in many countries. The countries with a
prosthesis industry design and manufacture prostheses
primarily according to the morphometric data of the population
of their own country.

However, these prostheses are used in populations of different
ethnic and morphological structure and there is generally an
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incompatibility between the features of the prosthesis and the
morphometric data of the population where they are used. As a
result of this incompatibility and curettage of the bone
structure, associated loss of tissue develops which has a
negative effect on clinical progress and success [4,5]. These
problems could be overcome if the countries with a prosthesis
industry produced prostheses appropriate to the morphometric
features of countries with different ethnic characteristics. High
levels of patient satisfaction, excellent functional results, relief
of pain and long survival have been reported in series of
shoulder arthroplasty [6-8]. In parallel with these good results,
an increasing number of shoulder arthroplasties are being
applied in Turkey [9]. Loss of time, work force and costs are
also reduced to a minimum. In this study of a Turkish
population, a morphometric evaluation was made in a 2
dimensional environment of some parameters used in the
design of proximal humerus prosthesis used in the shoulder
region.
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The aim of this study was to evaluate the effect on prognosis of
morphometric features by measuring on Anteroposterior (AP)
plain shoulder radiographs some parameters which are used in
the design of proximal humerus prosthesis.

Materials and Methods

Study design

Approval for the study was granted by the Institutional Ethics
Committee. In the period 2010-2015 anterior-posterior
radiographs were taken because of shoulder pain in a total of
850 patients at Kirikkale University Medical Faculty Hospital,
Turkey. In this retrospective clinical study, the plain shoulder
radiographs were used of 195 (101 male (51.8%), 94 female
(48.2%)) patients aged 18-65 years (mean age, 38.8 + 11.5
years; males 35.4 + 11.6 years, females 42.5 = 10.2) with
adhesive capsulitis, rotator cuff rupture and soft tissue trauma.
Measurements were made on the radiograph of Head Height
(HH), Frontal Base Diameter of the Head (FBD), 3 points at 3
cm intervals from proximal to distal of the medullar canal at
the level of surgery Endosteal Diameter (ED1, ED2 and ED3
respectively), Neck-Shaft Angle (NSA) and Head-Neck Angle
(HNA). In the radiographic measurements, the Radiant Viewer
measurement program was used in a digital environment. The
measurements were performed on radiographs obtained
digitally using radiopacs media. The measurements were made
by two authors (Both are radiologist). Intra and inter-observer
error analysis was made. Standard error means are 0.754, 0.696
about HH, 0.629, 0.615 about FBD, 0.321, 0.308 about NSA,
0.284, 0.293 about HNA, 0.467, 0.433 about ED1, 0.397, 0.393
about ED2 and 0.388, 0,392 about ED3. Linear measurements
were made with sensitivity to 1 mm and angular measurements
were made with sensitivity to 0.1° using Radiant viewer own
measurement program. Magnification range is 15% and
correction factor is 1.09.

In the study, a total of 7 parameters were measured as 2
angular and 5 linear measurements. The definitions related to
these parameters are given below.

A) Angular measurements were stated in degrees (°): 1.

NSA: Neck-shaft angle (Humeral inclination angle): Head
inclination angle is defined as the inclination of the anatomic
neck in the frontal plane. The angle was measured on the
anteroposterior radiographic projection and was formed by the
intersection of the axis of the proximal humerus and the line
perpendicular to the neck axis (Figure 1).

2. HNA: Head-neck angle: Head-Neck Angle was measured
on the antero posterior radiographic projection and was formed
by the intersection of the axis of the proximal humerus and the
line perpendicular to the anatomic neck (Figure 2).

B) Linear parameters were stated in millimetres (mm): 1.
HH: Head height: Head height determines the height or
thickness of the humeral head and was measured in the
anteroposterior radiographic projection (Figure 3).
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2. FBD (Frontal base diameter): Frontal diameter of the base
of the head: Frontal diameter of the base of the head is the
diameter of the head segment at the anatomic neck and was
measured in the anteroposterior radiographic projection.
(Figure 3).

3. ED1: Endosteal Diameter at surgical neck (diameter of the
medullar canal at the level of surgery in the neck) (Figure 3).

4. ED2: Endosteal Diameter 3 cm below surgical neck
(diameter of the medullar canal 3cm below the level of surgery
in the neck) (Figure 3).

5. ED3: Endosteal Diameter 6 cm below surgical neck
(diameter of the medullar canal 6cm below the level of surgery
in the neck) (Figure 3).

Figure 1. Angular measurements on anteroposterior shoulder
radiographs of patients. NSA: Neck-Shaft angle.

Figure 2. Angular measurements on anteroposterior shoulder
radiographs of patients. HNA: Head-Neck Angle.
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Statistical analysis

In the statistical analyses of the study, SPSS (Statistical
Package for Social Sciences) for Windows 15.0 program was
used. In the comparison of paired groups, Student’s t-test was
used for parameters showing normal distribution. A value of
p<0.05 was accepted as statistically significant. The cases were
separated into 4 different age groups as males and females. A
statistical comparison was made of the mean morphometric
measurement values of same gender cases in different age
groups. The groups were Group 1: 61 males aged 18-39 years,
Group II: 30 female aged 18-39 years, Group III: 40 males
aged > 40 years and Group IV: 64 females aged > 40 years.
The mean and standard deviations were calculated for each
parameter separately for males and females and for all cases.
The mean measurement values were statistically compared
between the genders regardless of age using the t-test.
Parameters measured in other populations were statistically
compared with the values obtained from the current study
population. The results obtained were presented in table
format.

Table 1. General statistical results of measurements.

Results

The data related to the results of the parameters measured in
the study are presented in Table 1. The results of the
measurements made for specific age groups are shown in Table
2. The results of the statistical test applied with the t-test to the
parameter values of different age groups of the same gender
are shown in Tables 3 and 4. In the comparison of Groups I and
III, , the mean values of HH were 23.9 + 2.61 in Group I and
22.7 £ 2.61 in Group III and the mean values of ED1 were
measured as 22.1 + 3.12 in Group I and 20.6 £+ 3.01 in Group
Il and in other parameters, no statistically significant
difference was determined. In the comparison of Groups II and
IV, the mean values of FBD were 29.1 + 3.72 in Group II and
30.5 £ 2.95 in Group IV and the mean values of ED1 were
measured as 18.5 = 2.59 in Group II and 13.7 £+ 1.9 in Group
IV and in other parameters, no statistically significant
difference was determined. The results of the current study and
those of studies of other populations based on the parameters
measured in the current study are shown in Table 5.

Age (Mean * HH (mm) FBD (mm) ED1 (mm) ED2 (mm) ED3 (mm) NSA (degree) HNA (degree)
SD) (Mean £ SD) (Mean £ SD) (Mean £ SD) (Mean £ SD) (Mean £ SD) (Mean £ SD) (Mean £ SD)
WOMEN (n=94) 425+10.2 20.5+2.26 30.1+3.27 19.2+2.28 13.5 +2.06 11.3+1.89 136.2 + 3.53 43.7 +3.53
MEN (n=101) 354+11.6 234 +2.67 32.5+4.96 21.5+3.16 15.4+2.72 12.8 +2.39 136.5 £ 3.5 43.4+£35
TOTAL (n=195) 38.8+11.5 22+2.88 31.3+4.39 20.4+2.98 145+2.6 12.1+£2.29 136.4 £ 3.5 43.5+3.5

HH: Head Height; FBD: Frontal Base Head; ED1: Endosteal Diameter at level surgical neck of humerus; ED2: Endosteal Diameter 3 cm below surgical neck; ED3:

Endosteal Diameter 6 cm below surgical neck; NSA: Neck-Shaft Angle; HNA: Head-Neck Angle.

Table 2. General statistical results of measurements in different age and gender groups.

Group | (n=61) (18-39 age Group Il (n=30) (18-39 age Group Il

(n=40) (40 age and Group IV (n=64) (40 age and

men) women) upper men) upper women)

MEAN % SD MEAN % SD MEAN % SD MEAN % SD
HH (mm) 23.9+2.61 20.3+1.98 22.7 +£2.61 20.5+2.39
FBD (mm) 33.2+4.06 29.1+£3.72 322+3.18 30.5+£2.95
ED1 (mm) 22.1+3.12 18.5 +2.59 20.6 +£3.01 19.5+2.05
ED2 (mm) 15.7 £ 2.62 12.9+2.32 14.9+2.83 13.7+1.9
ED3 (mm) 13.2+2.24 10.9+2.04 12.4+2.55 11.5+£1.79
NSA (degree) 136.3+2.24 135.6 £4.21 136.8 + 3.66 136.6 + 4.01
HNA (degree) 43.6+3.73 44.3+4.21 43.1+3.66 44.8 +1 2.60

HH: Head Height; FBD: Frontal Base Head; ED1: Endosteal Diameter at level surgical neck of humerus; ED2: Endosteal Diameter 3 cm below surgical neck; ED3:

Endosteal Diameter 6 cm below surgical neck; NSA: Neck-Shaft Angle; HNA: Head-Neck Angle.

Table 3. Statistical analysis results between group I and group III.

HH (mm) 23.9+2.61 22.7 +2.61 0.01
Parameters Group | (n=61) Group lll (n=40) (40 P-value FBD (mm) 832+4.06 822318 02
(18-39 age men) age and upper men)
ED1 (mm) 22.1+3.12 20.6 £ 3.01 0.01
Mean * SD Mean * SD
ED2 (mm) 15.7 £ 2.62 14.9+2.83 0.18
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ED3 (mm) 13.2+2.24 12.4 +2.55 0.1 HH (mm) 20.3+1.98 20.5+2.39 0.12
NSA (degree) 136.3+2.24 136.8 + 3.66 0.51 FBD (mm) 29.1+3.72 30.5+2.95 0.01
HNA(degree) 43.6+3.73 43.1+3.66 0.52 ED1 (mm) 18.5+2.59 19.5+2.05 0.01
HH: Head Height; FBD: Frontal Base Head; ED1: Endosteal Diameter at level ED2 (mm) 12.9+232 13.7+£1.9 0.22
surgical neck of humerus; ED2: Endosteal Diameter 3 cm below surgical neck;
ED3: Endosteal Diameter 6 cm below surgical neck; NSA: Neck-Shaft Angle; ED3 (mm) 10.9+2.04 1.5+£1.79 0.13
HNA: Head-Neck Angle.
NSA (degree) 135.6 +4.21 136.6 £ 4.01 0.51
Table 4. Statistical analysis results between group II and group IV. HNA (degree) 44.3 +4.21 44.8 +1 2.60 0.53

Parameters  Group Il (n=30) (18-39 Group IV (n=64) (40 age P-value

age women) and upper women)

Mean * SD Mean * SD

Table 5. Data of the articles related with parameters.

HH: Head Height; FBD: Frontal Base Head; ED1: Endosteal Diameter at level
surgical neck of humerus; ED2: Endosteal Diameter 3 cm below surgical neck;
ED3: Endosteal Diameter 6 cm below surgical neck; NSA: Neck-Shaft Angle;
HNA: Head-Neck Angle.

Authors/ McPherso Michael Jennifer et Ralph et al./ Bakir et al./Sweden Fraser et al/ Zhang et Katsumi Iyem et al./
netal et al./ al./JUSA and . Scotland al./China et al./ Turkey
Country UK Switzerland Japan (Current
JUSA US.A P
study)
Method On AP X- On AP An Directly on On AP X-ray Directly on on 3D On AP On AP X-
ray X-ray electromagneti specimens specimens CT X-ray ray
c tracking
system
Number of cases 93 21 28 200 70 24 180 471 195
Mean £ SD Mean * Mean £ SD Mean = SD Mean * SD Mean = SD Mean * Mean % Mean*SD
SD SD SD
Parameters HH (mm) 47.6+4.8 185+2 Left 154 £ 1 17+£17 203 16.9+1.5 16.7 22+2.88
1.9
Right 14.5 +
0.9
FBD 488 543 + 313 ¢
(mm) 3.2 54 4.39
ED1 427 + 7.9 Mean of Best- 204 #
(mm) (Neck) all sides fitting 2.98
engage cylinder
ED2 16B ilr 3.; d M5 =+ ;46.5 +
(mm)  ( Below 5 (457 2.09) :
cm) 1.7)
ED3 153 + 2.6 12.1 +
(mm) (Below 10 2.29
cm)
NSA 141°+ 8.6 Left 132.9° + 137° + 133°+6 135.0° + 1324°+47 140.4° + 136.4° +
(degree) 2.9 3.62 4.4 4.1 35
Right 132.8° +
4.4
HNA 40.7° % 43.5°
(degree) 4.7 3.5

HH: Head Height; FBD: Frontal Base Head; ED1: Endosteal Diameter at level surgical neck of humerus; ED2: Endosteal Diameter 3 cm below surgical neck; ED3:
Endosteal Diameter 6 cm below surgical neck; NSA: Neck-Shaft Angle; HNA: Head-Neck Angle.

Discussion

The application of shoulder prosthesis started in 1973 with the
Monoblock prosthesis (3M, Paul, MN, USA) [7,8]. There was
limited information at that time about significant changes in
the normal humerus anatomy. Since then, many studies have
described the size of the humerus head in normal individuals,
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the neck-shaft angle, the presence of retroversion variations
and that there could be pathological offset [6,10-12]. Modular
designs (2" and 3" generation) have been developed to
increase as much as possible the compatibility with the normal
biological mechanics of the shoulder and these variations [13].
In several biomechanical studies, it has been shown that better
restoration of the normal anatomy and better clinical results
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could be obtained with the use of a modular prosthesis design
[14-16].

Morphological differences between populations demand
changes in prosthesis design. Therefore, the manufacture of
prosthesis compatible with the morphological structure of
every population would be a factor increasing the functionality
of the prosthesis. Clear information related to the anatomic
connections and bone anatomy of the normal proximal
humerus and glenoid region is important for prosthesis design
[17]. Data of the dimensions of the proximal humerus are
important for the appropriate design of a prosthetic humeral
component [10]. When using a prosthetic implant with a
varying incline, the surgeon has a limited number of head
dimension alternatives. If there is any incompatibility between
the measurements and local head dimensions in prostheses
which can be used, there will be restricted anatomic matching.
In addition, any prosthesis system outside the range of
anatomic prosthesis options, will not allow an infinite number
of special positions [18].

This study is of value in that compatibility to normal anatomic
structure and the selected and measured parameters are taken
into consideration in the design of shoulder prosthesis. The
indicator for the choice of these parameters was their
importance in clinical use. In the application of shoulder
prosthesis, Head Height is important in providing compatibility
of the humeral component with the glenoid component in all 3
axes (vertical, transverse and sagittal). An inappropriate size
prosthesis may cause restriction of head height shoulder
movements and subluxation [10,17-20]. In the application of
shoulder arthroplasty, head base frontal diameter affects
humeral head resection and the movements in the transverse
axis of the prosthesis head [10]. In studies conducted on other
populations, with the exception of a study of 93 cases by
McPherson (HH: 47.6 £ 4.8 mm), the other HH measurement
values were below the mean value of 22 + 2.88 mm measured
in the current study (Table 5) [17].

The endosteal diameter is an important parameter used in the
determination of the dimensions within the intra-medullar
canal of the humeral stem. A suitably prepared humeral stem
of sufficient thickness and length is extremely important in the
provision of postoperative prosthesis stabilisation. Errors in
measurement in this section may cause humeral shaft fractures
and prosthesis loosening. Humeral stem diameters have been
classified by international prosthesis manufacturers. According
to Zimmer, humeral stem diameters are classified as 6-8 mm
small, 9-11 mm medium, 12-14 large and>15 mm extra-large.

According to this, humeral stem lengths vary between 130
mm-170 mm. The reason for the selection of endosteal
diameters at 3 and 6 cm from the surgical neck level used in
this study was related to the use of 9-12 cm length generally
from the resection section for the prosthesis head of the
humeral stems [17-20]. In the data shown in Table 5 of the data
of research conducted on other populations, in a study of 93
cases by McPherson et al. the endosteal diameter of the most
distal section (ED3) was measured as mean 15.3 = 2.6 mm, in
a study of 21 cases by Michael as 12.7 = 1.7 mm, and in a
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study of 200 cases by Ralph et al. as 11.5 = 2.09 mm. When
the values obtained in the current study were examined, the
most distal Endosteal Diameter (ED3) was determined as mean
12.8 £2.39 mm in males and 11.3 = 1.89 mm in females.

In shoulder arthroplasty applications, NSA is a very important
parameter in determining the valgus and varus angle of the
prosthesis and providing the extent of the angular movement in
the shoulder joint. However, attention must be paid to provide
compatibility between the humeral head and the glenoid cavity
[10,13,17-20]. In the data related to NSA shown in Table 5, the
NSA was measured as between 132° and 141° in studies
conducted on other populations and as mean 136.4° £ 3.5° in
the current study.

A decrease in HNA in shoulder prosthesis application causes
pain and limitation of joint movement by creating pressure on
the lateral angular section of the scapula when the humerus
calcar section of the shoulder joint is in adduction. In this
respect, the use of this parameter in surgery is important
[13,21,22]. In the data related to HNA shown in Table 5, the
HNA was measured in only one study and was mean 40.7° and
4.7° and was measured as mean 43.5° + 3.5° in the current
study.

The failure of many existing shoulder replacement systems to
develop the proximal humeral geometry is responsible for
some complications related to shoulder arthroplasty [19].
Using different stem fixation techniques, the possibility of
choice of size of humeral head components and non-anatomic
stem design prostheses for the removal of different symptoms
offers the surgeon the use of a wide range of partial shoulder
prosthesis options [23]. To ensure a regular head size and avoid
varus or valgus humeral head inclination, defining the straight
cut bone level is a critical step [24].

A previous study reported that the dimensions of an
osteotomised humeral head would be useful in correcting
errors for an ideal implant design [25]. In a study conducted in
China, the results of 3 dimensional measurements were
reported to be helpful in preventing large bone losses in
surgical applications [26]. A Japanese study stated that it was
necessary to pay attention to tissue impingement developing
associated with a reduced angle of humeral inclination and
weakening abductor muscle [27].

The aim of this study was not to recommend any new method
or application technique for shoulder prosthesis applications.
The aim was to identify that there are differences in the
morphometric data of each population and that taking these
differences into consideration in prosthesis applications will
contribute to the success of the prosthesis. In Table 5, the
results of the current study are compared with the results of
studies conducted on populations with ethnic differences such
as England, the USA, some African countries, China and
Japan. The HH measurement of the current study sample was
higher, whereas the NSA value was similar to that of some
European countries but differences were seen compared to the
other populations. These results showed that each population
has differences in the morphometric data of the proximal
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humerus. For postoperative success, prosthesis design must
take these differences into consideration.

In the comparison of the measured parameters of the current
study of the male cases in different age groups, it was observed
that in those aged 40 years and over, there was a decrease in
humeral head height and endosteal diameter at surgical neck
level. In contrast, in the comparison of the different age groups
of the female cases, an increase was seen in humeral head
height and endosteal diameter at surgical neck level in those
aged 40 years and over. These differences were not statistically
significant in either gender. It is thought that these results could
have originated from differences in height weight and body
mass index.

Limitations of this study can be said to be that the number of
cases in the sample examined was low and there was no
facility for the evaluation of 3 dimensional imaging.

In conclusion, the differences between populations in the
parameters defined in this study, which are used for the design
of shoulder prosthesis humeral component, could form a
database for prosthesis manufacture. In addition, when the
results of the study are examined in detail in respect of
complications on the basis of these parameters, the head-neck
ratio must be greater than 1/3 and the HH must be compatible
with the glenoid cavity surface. In respect of the angles, care
must take that the NSA and HNA values are calculated
correctly as an excessive varus angle could lead to the
development of impingement in adduction and an excessive
valgus angle, to subluxation. Compatibility of the endosteal
diameter and humeral stem is important for the prevention of
prosthesis loosening and humeral shaft fractures which may
develop intra-operatively or postoperatively.

Figure 3. Linear measurements on anteroposterior shoulder
radiographs of patients. (a, b): Head Height (HH), (c, d): Frontal
diameter of the base of the humeral head (FBD), (e, f): Endosteal
Diameter at surgical neck (EDI1) , (g, h): Endosteal Diameter 3 cm
below surgical neck (ED2) and (k, m): Endosteal Diameter 6 cm
below surgical neck.
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