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Objectives: Coxal bone paticipates in the formation of the pelvic skeleton. Anatomy knowledge on
coxafemoral joint as well as careful history taking and physical examination are crucial in evaluation and
management of disorders involving hip joint. The aims of the present study were to perform
morphometric measurements of the human coxal bones, calculation of their articular surface areas and
report the range of these parameters regarding Turkish adult population. Methods: Seventy-two dry
human adult coxal bones (39 left and 33 right) from the Anatomy Departments of Erciyes University,
Inonu University and Kahramanmaras Sutcu Imam University were measured using a caliper sensitive to
0.1 mm. Morphometric measurements were performed through 22 parameters determined. While 19 of
these parameters were related to the distance between two points and thicknesses in various parts of the
bone, the remaining three were related to the determination of articular surface areas. The articular
surface areas of hip bone (facies auricularis (FA), facies lunata (FL) and facies symphsialis (FS)) were
calculated with ImageJ software program. Results: The average values of facies auricularis area were
1659.04 + 470.92 mm? and 1637.32 + 460.15 mm? on the left and right coxal bones, respectively. No
statistically significant difference was determined between the left and right coxal bone measurements (p
> 0.05). We found a positive and significant correlation between articular surface areas of facies
auricularis (FA), facies lunata (FL) and facies symphysialis (FS) and maximum width of ilium (rFA =
0.299, rFL = 0.276, rFS = 0.375, respectively and p < 0.05), and distance between spina ilica anterior
superior and the upper edge of facies symphysialis (rFA = 0.268, rFL = 0.511, rFS = 0.482, respectively
and p < 0.05). Conclusion: The distribution and mean values of coxal bone morphometric measurements
usually differ between individuals and human populations. With this regard, orthopedic surgeons should
be aware of the diversity in components of coxal bone dimensions although implants and hip prosthesis
components of different sizes are manufactured. Safe routes and estimated distances should be considered
during surgical procedures to avoid complications.

INTRODUCTION

Hip bone is one of the major bones in the human skeleton. It is formed by three separate bones called ilii,
ischii and pubis during the preadult period and is directly involved in childbirth (1). Besides, it contains
acetabular cavity which forms the most stable ball-and-socket joint in the body, articulatio coxae, with head of
the femur (2,3). Acetabulum is formed by os ilii (40%), os ischii (40%) and os pubis (20%) at certain ratios (4).
When we look into the acetabulum, there is fossa acetabuli (cotyloid cavity) containing fibroadipose tissue
covered with synovial tissue and facies lunata in the shape of a horse shoe (5). The shape and dimensions of
acetabulum are variable between individuals. Minor anatomical abnormalities in the acetabular shape, joint
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congruences are frequent (6). These differences can be age, gender or race related (7-9). Some authors reported
the specific features for coxal bones in adult Turkish population. The shape of acetabuli and anterior acetabular
ridges were mentioned to be curved and straight type, respectively (6,10). Hip joint, which connects lower
extremities and axial skeleton, plays an important role in the static and dynamic physiology of the locomotor
system (11). Acting as a lever between body weight and hip abductor muscle force, it maintains the equilibrium
between these forces. Thus, pelvis is stabilized through the gait cycle. The pelvic skeleton and hip joint contain
important vascular, neural, genitourinary structures and part of the gastrointestinal tract. Unstable pelvic ring
injuries usually occur in patients suffering high energy trauma and are associated with high mortality and
morbidity rates (12-14). The anthropometric study of the acetabulum can be helpful to the orthopedic surgeons in
presurgical planning of interventions for hip fractures, disorders and arthroplasty (15). The goal of surgical
fixation is the reconstruction of the spine-pelvic-junction to allow early weight-bearing and to facilitate nursing
care, particularly for multiple injured patients (16). On the other hand, chronic degeneration or surgical
intervention related changes of hip structure produce altered loading and mechanical stress in coxafemoral joint
(17). The unusual loading resulting from these changes causes hip pain which is secondary to incongruent hip
joint and pathologic wear of acetabular and femoral head cartilage (18-20). Compared to other joints, hip joint
disorders are more challenging to diagnose (21). Therefore, anatomy knowledge on coxafemoral joint as well as
careful history taking and physical examination are crucial in evaluation and management of disorders involving
hip joint (17).

The aims of the present study were to perform morphometric measurements of the adult human coxal bones,
calculation of their articular surface areas and report the range of these parameters regarding Turkish adult
population.

MATERIALS AND METHODS

The study was conducted on 72 dry adult hip bones (39 left and 33 right hip bone) of unknown gender and
age, collected from the osteological collections from the Anatomy Departments of Erciyes University, Inonu
University and Kahramanmaras Sutcu Imam University. Morphometric measurements were performed through
22 parameters as determined in Table I. Nine-teen of these parameters were related to distances between two
points and thickness in various parts of the bone, the remaining three were related to the determination of
articular surface areas. A digital caliper sensitive to 0.1 mm was used for the measurements performed on the
bone. Each bone was photographed anteriorly with a distance of 1 m to determine the articular surface areas
digitally. The articular surface areas of hip bone (FA, FL and FS) were calculated with ImageJ software program
(https://imagej.nih.gov/ij/download.html), (Fig 1). The calibration setting was made between the original and the
photography to get correct results from the measurement (Fig 2).

Figure 1.

Calculation of articular
surface areas with Image J
program (A: FL, B: FS, C:
FA)

Statistical Analysis

IBM SPSS Statistics for Windows (Version 22.0, Armonk, NY, USA) was used for statistical analyses. The
Shapiro-Wilk test was preferred to determine the normal distribution of the data. After determining the normal
distribution, difference between the right and left bones was analyzed by the Independent Samples t-test. The
correlations of measurement-based parameters were determined by the Pearson’s correlation test. Values of p <
0.05 were considered statistically significant.
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Figure 2. Calibration setting in ImageJ program

RESULTS

A total of 72 dry hip bones, 39 from the left side and 33 form the right side, were used within the scope of

the study. The details of the abbreviations of the measurement parameters are presented in Table I.

Table I. Definition of measurement parameters.

Array Measurement Points
1 Maximum width of ilium or width of hip bone (MAWI)
2 Minimum width of ilium (MIWI)
3 Distance between spina iliaca anterior inferior (SIAI) and spina iliaca posterior inferior (SIPI)
4 Distance between the most protruding point of tuber iliacum (TI) and spina iliaca anterior superior (SIAS)
5 Distance between spina iliaca anterior inferior (SIAI) and spina iliaca anterior superior (SIAS)
6 Distance between spina iliaca posterior superior (SIPS) and spina iliaca posterior inferior (SIPI)
7 Distance between spina iliaca posterior superior (SIPS) and the upper edge of the acetabulum (AC)
8 Distance between spina iliaca anterior superior (SIAS) and the nearest edge of the acetabulum (AC)
9 Shortest distance between spina iliaca anterior superior (SIAS) and the anterior edge of facies auricularis (FA)
10 Shortest distance between lower edge of spina iliaca anterior inferior (SIAI) which fused with acetabular edge and anterior
edge of facies auricularis (FA)
11 Thickness of os ilium at tuberculum iliacum (TI)
12 Width of tuber ischiadicum
13 Distance between the most protruding point of tuberculum pubicum (TP) and the nearest edge of acetabulum (AC)
14 Height of facies symphysialis (FS)
15 Width of facies symphysialis (FS)
16 Medio-inferior wall thickness of acetabulum (AC)
17 Width of incisura acetabuli (1A)
18 Distance between spina iliaca anterior superior (SIAS) and the upper edge of facies symphysialis (FS)
19 Distance between spina iliaca anterior inferior (SIAl) and the upper edge of facies symphysialis (FS)
20 Articular surface area of facies auricularis (FA)
21 Articular surface area of facies symphysialis (FS)
22 Articular surface area of facies lunata (FL)

The descriptive analyses of the morphometric parameters of the hip bone were performed, and the mean and

standard deviation values were presented in Table I1. When the average values of the articular surface areas were
examined, it was determined that the articular surface areas of the FA, FL and FS were 1648.18 + 461.73 mm?,
2990.79 + 766.93 mm? and 1727.98 + 479.96 mm?, respectively. No statistically significant difference was found
between parameters of the right and left hip bone (p > 0.05).
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Table 11. Mean values of the measured parameters.

Parameters n Mean + SD Minimum Maximum

MAWI 72 153.22 +£9.96 128.52 182.49
MIWI 72 62.12 +5.65 51.86 78.54
Distance between SIAl and SIPI 72 11751+ 7.70 99.68 139.83
Distance between the most protruding point Tl and SIAS 72 60.33 + 10.15 39.16 95.46
Distance between SIAIl and SIAS 72 41.46 +5.02 28.10 52.95
Distance between SIPS and SIPI 72 29.10+£5.25 18.92 39.46
Distance between SIPS and the upper edge of AC 72 106.24 + 12.63 61.96 12491
Distance between SIAS and the nearest edge of AC 72 60.30 £ 5.46 46.14 75.78
Shortest distance between SIAS and the anterior edge of FA 72 93.40£6.25 78.50 111.21
Shortest distance between lower edge of SIAI which fused with AC edge and

. 72 71.67 +4.52 58.18 82.20
anterior edge of FA
Thickness of os ilium at Tl 72 1750+ 2.64 12.05 25.26
Width of tuber ischiadicum 72 25.46 £ 3.29 17.55 32.94
Distance between the most protruding point of TP and the nearest edge of AC 72 61.75+9.20 43.08 78.86
Height of FS 72 37.70+4.14 28.74 47.62
Width of FS 72 16.28 £ 2.08 10.16 19.91
Medio-inferior wall thickness AC 72 574+ 1.45 231 8.87
Width of 1A 72 22.50 +3.50 15.27 30.61
Distance between SIAS and the upper edge of FS 72 132.79 £10.43 102.40 152.49
Distance between SIAI and the upper edge of FS 72 102.69 + 8.18 75.13 120.11
Articular surface area of FA 72 1648.18 + 461.73 820.59 2963.34
Articular surface area of FS 72 1727.98 + 479.96 722.566 3406.21
Articular surface area of FL 72 2990.79 + 766.93 1684.33 5391.32

We found positive and significant correlations between FA and MAWI (r = 0.299, p = 0.020), distance
between SIAI and SIPI (r = 0.363, p = 0.004), distance between SIAIl and SIAS (r = 0.259, p = 0.046), distance
between SIPS and the upper edge of AC (r = 0.426, p = 0.001), thickness of os ilium at TI (r = 0.304, p = 0.018),
height of FS (r = 0.348, p = 0.006) and distance between SIAS and the upper edge of FS (r = 0.268, p = 0.038),
(Table 11, IV and V).

Table 111. Correlation between articular surface area of facies auricularis and other parameters.

FA Joint Surface Area

Parameters n r p

MAWI 72 0.299 0.020*
MIWI 72 0.248 0.056
Distance between SIAl and SIPI 72 0.363 0.004*
Distance between the most protruding point T1 and SIAS 72 0.186 0.154
Distance between SIAl and SIAS 72 0.259 0.046*
Distance between SIPS and SIPI 72 0.208 0.111
Distance between SIPS and the upper edge of AC 72 0.426 0.001*
Distance between SIAS and the nearest edge of AC 72 -0.001 0.993
Shortest distance between SIAS and the anterior edge of FA 72 0.167 0.201
Shortest distance between lower edge of SIAI which fused with AC edge and anterior edge of

EA 72 0.073 0.577
Thickness of os ilium at Tl 72 0.304 0.018*
Width of tuber ischiadicum 72 0.129 0.326
Distance between the most protruding point of TP and the nearest edge of AC 72 0.017 0.898
Height of FS 72 0.348 0.006*
Width of FS 72 0.147 0.264
Medio-inferior wall thickness AC 72 -0.008 0.950
Width of IA 72 0.092 0.486
Distance between SIAS and the upper edge of FS 72 0.268 0.038*
Distance between SIAI and the upper edge of FS 72 0.247 0.058
Articular surface area of FA 72 0.081 0.540
Articular surface area of FS 72 0.246 0.058

*Difference is statistically significant; Pearson’s correlation test, p < 0.05
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We also found positive and significant correlations between FL and MAWI (r = 0.259, p = 0.046), distance
between the most protruding point of Tl and SIAS (r = 0.296, p = 0.022), width of tuber ischiadicum (r = 0.488,
p = 0.000), height of FS (r = 0.257, p = 0.048), width of FS (r = 0.317, p = 0.014), width of IA (r = 0.443, p =
0.046), distance between SIAS and the upper point of FS (r = 0.511, p = 0.000), distance between SIAI and the
upper edge of FS (r = 0.363, p = 0.000) and articular surface area of FS (r = 0.406, p = 0.000) (Table I, IV and
V). A positive and significant correlations was noted between FS and MAWI (r = 0.375, p = 0.003), MIWI (r =
0.306, p = 0.017), thickness of os ilium at TI (r = 0.348, p = 0.006), width of tuber ischiadicum (r = 0.325, p =
0.011), width of FS (r = 0.617, p = 0.000), distance between SIAS and the upper point of FS (r = 0.482, p =
0.000), distance between SIAI and the upper edge of FS (r = 0.374, p = 0.003), articular surface area of FL (r =

0.406, p = 0.001), (Table 111, IV and V).

Table IV. Correlation between articular surface area of facies lunata and other parameters.

FL Joint Surface Area

Parameters n r p

MAWI 72 0.276 0.033*
MIWI 72 0.071 0.587
Distance between SIAl and SIPI 72 0.104 0.431
Distance between the most protruding point Tl and SIAS 72 0.296 0.022*
Distance between SIAl and SIAS 72 0.234 0.072
Distance between SIPS and SIPI 72 0.091 0.487
Distance between SIPS and the upper edge of AC 72 0.012 0.930
Distance between SIAS and the nearest edge of AC 72 0.183 0.161
Shortest distance between SIAS and the anterior edge of FA 72 0.245 0.059
Shortest distance between lower edge of SIAI which fused with AC edge and anterior edge of

EA 72 -0.158 0.229
Thickness of os ilium at Tl 72 0.133 0.311
Width of tuber ischiadicum 72 0.488 0.000*
Distance between the most protruding point of TP and the nearest edge of AC 72 0.076 0.566
Height of FS 72 0.257 0.048*
Width of FS 72 0.317 0.014*
Medio-inferior wall thickness AC 72 0.125 0.340
Width of IA 72 0.443 0.000*
Distance between SIAS and the upper edge of FS 72 0.511 0.000*
Distance between SIAl and the upper edge of FS 72 0.363 0.004*
Articular surface area of FA 72 0.081 0.540
Articular surface area of FS 72 0.406 0.001*

*Difference is statistically significant; Pearson’s correlation test, p < 0.05
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Table V. Correlation between articular surface area of facies symphysialis and other parameters

FS Joint Surface Area

Parameters n r p
MAWI 72 0.375 0.003*
MIWI 72 0.306 0.017*
Distance between SIAl and SIPI 72 0.226 0.082
Distance between the most protruding point Tl and SIAS 72 0.251 0.053
Distance between SIAl and SIAS 72 0.162 0.215
Distance between SIPS and SIPI 72 -0.030 0.822
Distance between SIPS and the upper edge of AC 72 -0.017 0.899
Distance between SIAS and the nearest edge of AC 72 0.246 0.058
Shortest distance between SIAS and the anterior edge of FA 72 0.154 0.241
Shortest distance between lower edge of SIAI which fused with AC edge and anterior edge of FA 72 -0.027 0.840
Thickness of os ilium at Tl 72 0.348 0.006*
Width of tuber ischiadicum 72 0.325 0.011*
Distance between the most protruding point of TP and the nearest edge of AC 72 0.250 0.054
Height of FS 72 0.247 0.057
Width of FS 72 0.617 0.000*
Medio-inferior wall thickness AC 72 0.235 0.071
Width of IA 72 0.118 0.368
Distance between SIAS and the upper edge of FS 72 0.482 0.000*
Distance between SIAI and the upper edge of FS 72 0.374 0.003*
Articular surface area of FA 72 0.246 0.058
Articular surface area of FL 72 0.406 0.001*

*Difference is statistically significant; Pearson’s correlation test, p < 0.05

DISCUSSION

Pelvic injuries and fractures occur as a result of high-energy traumas such traffic accidents, falling down
from height, and crushing in adolescents and adults (22). Knowledge on the morphometric features of hip are of
great importance in the treatment of these pelvic injuries since it is beneficial in the determination of surgical
technique and sizes of materials to be used as in the hip replacement surgery or plate-screw fixation (23).

In the literature, there are studies reporting the secure distance and ways for screw placement to the hip bone
(24-26). Berry et al. measured the distance between SIPS and the top edge of AC. The distances between
SIPS-AC were calculated to be 128.2 £ 6.8 mm and 124.9 + 7.1 mm in males and females, respectively (26). In
our study, the SIPS-AC distance was calculated to be 106.24+12.63 mm on average. The SIPS-AC distance in
the present study was found to be lower than the values of Berry et al. (26). The difference is can be attributed to
racial differences.

It is assumed that greater articular surface of acetabulum provided better grip of the femoral head inside the
acetabulum and ensured better results for arthroplasty (31). Additionally, Esenkaya pointed out that knowing of
the FA articular surfaces area is important for screw-plate fixation and is helpful for selecting the appropriate
screw-plate fixation in sacroiliac fracture surgery (28). Esenkaya measured the FA articular surface area as 18.6
mm? (28). Krmek et al. presented average facies auricularis surface area as 13.46 + 2.32 cm? on dry os coxal
bones (29). Fien et al. reported facies auricularis surface area as 1364.32 + 207.508 mm? (30). Facies lunata
surface areas measurements were found to be 21.70 + 3.62 (16-33) cm? (6) and 2294 + 329 mm? (31) on dry
coxal bones. In our study, we found facies auricularis surface areas as 1648.18 + 461.73 mm?, facies lunata
surface areas as 2990.79 + 766.93 mm? and facies smphysialis surface areas as 1727.98 + 479.96 mm?. Our
results were in line with aforementioned studies. We suggest the use of different measurement techniques being
responsible for minor differences in studies.

The size of iliac bone thickness, reported by various studies, generally provides useful information for screw
placement through the bone. In Esenkaya's study investigating the technique of sacroiliac screw and plate
placement, morphometric measurements were performed on 20 hip bones. The ilium thickness was measured
from four different regions (FA front section, 2 cm ahead of FA and SIPI, FA adjacent section and the general
average of all regions) according to FA, and it was determined that the ilium thickness varied between 14 and 28
mm (mean 19.2 mm) (28). Berry et al (26) measured the ilium thickness for safe intra-iliac screw placement, and
the mean thickness value was reported to vary between 14-30 mm. Miller et al. reported the mean thickness of
the ilium as 14-30 mm (25). In our study, the thickness of the ilium varied between 12.05 and 25.26 mm (mean
17.50 + 2.64 mm). It was also significantly associated with FS and FA articular surface areas.
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Dhindsa et al. (32) found that mean width of hip bone was 14.0 + 0.78 cm. Singh and Raju reported that the
width of hip bone was 14.32 cm on the right side and 14.35 cm on the left side in males, whereas in females the
values were 13.78 cm on both right and left sides (7). Maruyama et al. reported that in males, the width of the
hip bone was 13.6 cm and in females it was 13.1 cm (33). In the present study, mean width of hip bone was
153.22 £+ 9.96 and was significantly associated with all three articular surface areas. The difference of the
measured areas between two compared studies can be explained by difference in gender distribution of the study
groups. Lack of information on age, gender and medical history of cadavers from which coxal bones were
obtained was the the limitation of the present study. Another limitation was the calculation of articular surface on
bone photograph because it is curved in shape and have irregular surface in all three dimensions. The distance
between SIAS and the upper edge of FS were associated with dimensions of all three articular surface areas. The
association between the aforementioned measurements can be attributed to proportional growth of coxal bone
components.]

The distribution and mean values of coxal bone morphometric measurements usually differ between
individuals and human populations. With this regard, orthopedic surgeons should be aware of the diversity in
components of coxal bone dimensions although implants and hip prosthesis components of different sizes are
manufactured. Safe routes and estimated distances should be considered during surgical procedures to avoid
complications. In addition, these results can serve as guideline for further studies.

REFERENCES

1. Rissech, C., Estabrook, G.F., Cunha, E., and Malgosa, A. 2007. Estimation of ageat-death for adult
males using the acetabulum, applied to four Western European populations. J Forensic Sci 52: 774-778.

2. Arnncy, K., and Elhan, A. 2006. Anatomi Cilt I. 4. Baski. Ankara: Giines Kitabevi pp 17.

3.  Eksioglu, MLF., Acar, I.H., and Tekdemir, i. 2011. Kalca ekleminin fonksiyonel anatomisi. TOTBID
Dergisi 10: 32-37.

4. Schuenke, M., Schulte, E., and Schumacher, U. 2006. THIEME Atlas of Anatomy. In: Ross L, Lamperti
E, editors. General Anatomy of the Musculoskeletal System. New York: Thieme Inc.

5. Macirowski, T., Tepic, S., and Mann, R.W. 1994. Cartilage stresses in the human hip joint. J Biomech
Eng 116: 10-18.

6. Govsa, F., Ozer, M.A., and Ozgur, Z. 2005. Morphologic features of the acetabulum. Arch Orthop Trauma
Surg 125:453-456.

7. Singh, S., and Raju, P.B. 1977. Identification of sex from the hip bone demarking points. J Anat Soc India
26: 111-117.

8. Issac, B. 2002. Biometry of the posterior border of the human hip bone: normal values and their use in sex
determination. J Anat Soc India 51: 43-46.

9. Pal, GP, Bosg, S., and Choudhary, S. 2004. Reliability of criteria used for sexing of hip bones. J Anat
Soc India 53: 58-60.

10. Tastekin, FA., Gllriz, N.C., Arman, C., and Tetik, S. 2006. Morphology and Morphometry of the
Acetabulum DEU Tip Fakiiltesi Dergisi 20: 143-148.

11. Campbell, J.D., Higgs, R., Wright, K., and Leaver-Dunn, D. 2001. Pevis, hip and thigh injuries. In:
Schenck, R.C., Guskiewicz, K.M., Holmes, C.F., Eds. Athletic Training and Sports Medicine.
Rosemount: American Academy of Orthopaedic Surgeons pp 399.

12. Tile, M. 1988. Pelvic ring fractures: Should they be fixed? J Bone Joint Surg 70: 1-12.

13. Rommens, P. 2007. Is there a role for percutaneous pelvic and acetabular reconstruction? Injury Int J Care
Injured 38: 463-477.

14. Star, A.J., and Malekzadeh, A.S. 2006. Fractures of the Pelvic Ring. In: Bucholz, R.W., Heckman, J.D.,
Court Brown, C.M., Eds. Rockwood&Green’s Fractures in Adults Volume 2. 6th Edition. Lippincott:
Williams & Wilkins Chapter 41:1585-1663.

15. Tannast, M., Siebenrock, K.A., and Anderson, S.E. 2007. Femoroacetabular impingement: radiographic
diagnosis - what the radiologist should know. AJR 188: 1540-1552.

16. Dawei, T., Na, L., Jun, L., Wei, J., and Lin, C. 2013. A novel fixation system for sacroiliac dislocation
fracture: Internal fixation system design and biomechanics analysis. Clin Biomech 28: 129-133.

17. Bowman, K.F., Fox, J., and Sekiya, J.K. 2010. Current concepts with video illustration a clinically
relevant review of hip biomechanics. Arthroscopy 26: 1118-1129.

18. Ezoe, M., Naito, M., and Inoue, T. 2006. The prevalence of acetabular retroversion among various
disorders of the hip. J Bone Joint Surg Am 88: 372-379.

19. Leunig, M., Nho, S.J., Turchetto, L., and Ganz, R. 2009. Protrusio acetabuli: New insights and
experience with joint preservation. Clin Orthop Relat Res 467: 2241-2250.

E155



20.

21.
22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

E156

M. DEMIR et al.

Frost, A., Pavlou, G, Richards, P.J., Belcher, J., and Jasani, V. 2010. Influence of acetabular and
femoral version on fractures of the femoral neck. Clin Orthop Relat Res 468: 2224-2229.

Mosca, V.S. 1989. Pitfalls in diagnosis: the hip. Pediatr Ann 18: 12-4, 16-8, 23.

Rommens, P.M., Hofmann, A., and Hessmann, M. 2010. Management of acute hemorrhage in pelvic
trauma:An overview. Eur J Trauma Emerg Surg 36: 91-99.

Tastekin, F. 2004. Os coxae'nin anatomi, antropoloji ve ortopedik cerrahi bilimleri agisindan
degerlendirilmesi. Dokuz Eyliil Universitesi Saglhk Bilimleri Enstitiisii Anatomi Anabilim Dali Uzmanlik
Tezi, [zmir.

Schwend, R.M., Sluyters, R., and Najdzionek, J. 2003. The pylon concept of pelvic anchorage for spinal
instrumentation in the human cadaver. Spine 28: 542-547.

Miller, F., Moseley, C., and Koreska, J. 1990. Pelvic anatomy relative to lumbosacral instrumentation. J
Spinal Dis 3: 169-173.

Berry, J.L., Stahurski, T., and Asher, M.A. 2001. Morphometry of the supra sciatic notch intrailiac
implant anchor passage. Spine 26: 143-148.

Denham, R.A., and Alexander, L.W. 1957. Arthroplasty of hip. J Bone Joint Surg 39: 614-622.
Esenkaya, I. 2002. A morphologic evaluation of the sacroiliac joint and plate fixation on a pelvic model
using a S1 pedicular screw, transiliosacral screws, and a compression rod for sacroiliac joint injuries. Acta
Orthop Traumatol Turc 36: 432-41.

Krmek, N., Jo-Osvatic, A., Tatjana Nikolic, T., Vlado, K., and Salamon, A. 2006. Antropological
Measurement of the Sacroiliac Joint. Coll Antropol 4: 811-814.

Fien, S., Margot, V.C., and Willemijn, V. 2015. Morphologic 3D-study of the sacroiliac joint based on
CT-data. Rehabilitation Sciences and Physiotherapy. Master Thesis. Ghent University. Gent.

Salamon, A., Salamon, T., Sef, D., and Jo-Osvatic, A. 2004. Morphological Characteristics of the
Acetabulum. Coll Antropol 28: 221-226.

Dhindsa, G.S., Singh, P., and Singh, Z. 2013. Morphometry of the adult human dry hip bone. Int J Pharm
Pharm Sci 5: 505-507.

Maruyama, M., Feinberg, J.R., Capello, W.N., and D’Antonio, J.A. 2001. Morphologic features of the
acetabulum and femur. Clin Orthop Relat Res 393: 52-65.



