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Bu spinopelvik 

 

-

tilt, s umbal lordoz, sakrum pubik insidans ve sakrum pubik 

ki 

Passing-

p<0.05 kabul edildi. 

, 

 , 



, pelvik insidans 

 

spinal deformitesi 

 

Anahtar kelimeler: Spinopelvik parametreler; omurga; sagittal denge; pelvik insidans 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



INVESTIGATION OF CHANGES IN AGE AND GENDER-RELATED PELVIC 

SKELETAL PARAMETERS IN CHILDREN AND ADOLESCENTS USING 

COMPUTED TOMOGRAPHY IMAGES 

 

Erciyes University, Graduate School of Health Sciences 

Department of Anatomy 

M.Sc. Thesis, June 2020 

Supervisior: Prof. Dr. Niyazi ACER 

ABSTRACT 

 

Thanks to the harmony between the spine and the pelvis, human can stand in a balanced 

way. In order to evaluate disturbances in this spinopelvic equilibrium, normal ranges 

should be known. The aim of this study was to investigate the development of spinopelvic 

parameters in children and adolescents of the Turkish population and to determine the 

normal ranges of spinopelvic parameters. 

In this study, the pelvic-abdominal computed tomography images of 1018 (513 male, 505 

female, aged 7-17 years) healthy children and adolescents of the Turkish population were 

examined and the pelvic incidence, pelvic tilt, sacral slope, sacral kyphosis, lumbar 

lordosis, sacrum pubic incidence, and sacrum pubic posterior angle were measured. Two 

independent-samples t-tests were used to compare the parameters between the age groups. 

Passing-Bablock regression analysis was used to compare the methods. The relationship 

between the parameters was evaluated by Pearson correlation analysis. The significance 

level was accepted as p <0.05 for all statistical tests.  

The mean values and standard deviations of the parameters belonging to the pelvic 

incidence, pelvic tilt, sacral slope, lumbar lordosis, sacral kyphosis, sacrum pubic 

incidence, and sacrum pubic posterior angle were calculated as , , 

, , , , and , respectively. 

Among the examined parameters, only lumbar lordosis showed a statistically significant 

difference between men and women. Other parameters were similar between men and 

women. Among the examined parameters, all except pelvic tilt increased with age and 

there was a statistically significant difference between age groups. A very strong positive 

correlation was found between pelvic incidence and sacrum pubic incidence, pelvic 

incidence and sacrum pubic posterior angle, and lumbar lordosis and sacral slope. We 



suggest that sacrum pubic incidence and sacrum pubic posterior angle are important 

parameters in estimating pelvic incidence value. 

We believe that the results of this study can be used as an aid in planning surgical 

operations to achieve a relatively normal sagittal spinopelvic balance in pediatric patients 

with spinal deformity and contribute to the literature. 

Keywords: Spinopelvic parameters, spine, sagittal balance, pelvic incidence. 
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KISALTMALAR 

 

3BT   

A  : Arteria 

Art  : Articulatio 

BT   

Cm  : Santimetre 

E  : Erkek 

For  : Foramen 

K  :  

KM   

L1  : 1. lumbal vertebra 

L5  : 5. lumbal vertebra 

LL  : Lumbal Lordoz 

M  : Musculus 

Max  : Maksimum 

Min  : Minimum 

MR  : Manyetik rezonans 

N.  : Nervus 

N   

Ort  : Ortalama 

PACS  : Picture Archiving and Commu

 

PI  : Pelvik insidans 

PT  : Pelvik tilt 

R  : Radyografi 

S1  : 1. sakral vertebra 

S2  : 2. sakral vertebra 

S4  : 4. sakral vertebra 

SEA   

SK  : Sakral kifoz 



SPAA  : Sakrum  

SPI  : Sakrum pubik insidans 

SS  : Standart sapma 

SVA  : Sagittal Vertical Axis 

V  : Vena 
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1. ve  

, 

minimum  durur 

 

2005). 

l 

-Thiong ve ark., 2004; 

 

se 

k., 2012). 

spinopelvik 

mevcuttur (Mac-

spinopelvik 



 

etmey  



 

 

 

2.1.  

aktar , 

c  

inalis bu 

s major, apertura 

 

 

 

Paulsen ve Waschke, 2011). 



2.1.1  

2.1.1.1. Os coxae 

- a 

ve 

 

 

 

Os coxae Gilroy ve ark., 2008). 

 

 

 



Os ilium: 

ilii ve ala ossis ilii 

 

os coxae kemikleri ile acetabulum 

 

 

 

iliaca 

iliaca posterior inferior denir.  

(Aycan, 1998).  

Os ischii: Os co

 



 

 

Os pubis: 

 

 

Ramus superior ossi

 

For. obturatum: Os pubis, 

 

 (Aycan, 1998). 

 

 

 

 

 



 

Os coxae (Paulsen ve Waschke, 2011). 

 

2.1.1.2. Os sacrum 

 iskeletinin 

, son bel omuru ile eklem yaparken, apex ossis 

sacri, 

 

 

 



 

                               

(Paulsen ve Waschke, 2011). 

 

2.1.1.3. Os coccygis  

-

 

2.1.2. LARI 

 

2.1.2.1. Apertura pelvis superi  

Diamater transversa: 

 

Diamater obliqua: 

sacr

 



Diamater conjugata: 

 ortalama 11 cm ile apertura pelvis superior ile ilgili en dar 

 

Diamater anatomica: 

 

Diamater diagonalis: Promontoriu

-

ve Elhan, 2016). 

 

 

 

            

(Paulsen ve Waschke, 2011). 

 



 

diagonalis (Paulsen ve Waschke, 2011). 

 

2.1.2.2. Apertura pelvis inferi  

Diamater sagittalis: 

-

artabilmektedir. 

Diamater transversa: 

 

 

2.1.3. KADIN VE ERKEK PELV  

  

 



Apertura pelvis superior, 

Elhan, 2016). 

erkeklerde 

 

 

2.1.4. PELV  

 

Symphysis pubica: Her iki 

eklemdir. Symphysis grubu bir eklemdir. 

Art. sacroiliaca: 

2005). 

 

2.1.5. DIAPHRAGMA PELVIS 

pubococcygeus, m. 

iliococcygeus 

 

M. l

 

(Ozan, 2014). 

 

 

 

 

 



2.2.  

-75 cm 

 

vertebrae cervicales (C1-  thoracicae (T1-

lumbales (L1-

(Aycan, 1998). 

2.2.1.  

 

 

 

getirirler. Bu de  

proces

ark., 2005). 

 



 

Paulsen ve Waschke, 2011). 

 

2.2.2. BOYUN OMURLARI (VERTEBRAE CERVICALES) 

 

omuru ise vertebrae prominens olarak 

-

 

tis denir. Massa lateralis 

 

A

 

Bu sayede klinikte yedinci boyun omuru k

 



2.2.3. ICAE) 

 kostalar 

kostalar  caput 

 

 

 

2.2.4. BEL OMURLARI (VERTEBRAE LUMBALES) 

Toplamda 5 adet bel omu

 

 



 

Gilroy ve ark., 2008). 

 

2.2.5.  

 

 

 

 

e Elhan, 2016). 

 



 

Gilroy ve ark., 2008). 

- inde 

30- - -

 

 Yizong, 2003).  



 

 

y  

 

 

2.3. OMURGADA SAGI  

 

Normal 

kilde 

durabilir. Dengeli bir omurgaya ait bir insanda bu iki hat birbirlerine paralel ve birbirleri 

 



 

 

 

  

ise sagittal denge 

 

 

 

 



 

al denge (A), normal sagittal denge (B) ve negatif 

sagittal denge (C) (https://radiopaedia.org/articles/sagittal-balance-c7-plumb-

line?lang=gb). 

 

 

 

 

 



 

 

-L, pelvik seviye; P-S, Destekleme poligonu.  

(Schwab ve ark., 2010). 

 

2.4. SPINOPELVIK PARAMETRELER 

 2013). 

 pelvik 

l-



 

Sagittal denge durumunda, torakal ki nde 

i il ki spinopelvik denge 

inopelvik dengenin global sagi i 

is morfolojisinin 

global sagittal dengeye olan etkisi di inopelvi

 

Spinopelvik 

 

 

Pelvik insi  kli isi

morfolojik parametresidi iti ile lumbal 

lordoz gel r ve sakrum daha horizontal hale geli i ik tilt ise 

pelvisin pozi  kenli isyonel parametredir. Pelvik insidans 

ik ti i ittir. Pelvik insi

isin pozi i ik tiltin kompensatuvar olarak 

kli i  



konusudur.  

pelvis kompensatuvar olarak cevap verir. Bu durumda pelvik tilt ve lumbal lordoz 

artarken, sak

 

 

 

2.4.1. SPINOPELVIK PARAM  

2.4.1.1. Cobb Metodu 

-

deformitelerini 

 

 



 

 

2.4.1.2.  

 

 



 

  

 

2.4.1.3. Duval-  

(  

 

ve ark., 2018). 

 

 



2.4.1.4. S  

Wang 

2.17). 

 

(Wang ve ark., 2014). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

3.  

-

-

ltesi Radyoloji 

Anabilim D

pelvis-

umbal 

 

3.1.  

-

 



 

 

 

3.2. 

HESAPLANMASI 

ImageJ  

 

 

 

 



ImageJ  

 

 

 

 

 

 

 

 

 

 

 

3.2.   

Duval-

sagittal planda sakrumun ala ossis sacri

 



 

 

 

3.2.  

 

planda sakrumun ala ossis sacri

 



 

 

 

3.2.  

sagittal planda sakrumun ala ossis sacri ekilde 

 



 

 

 

 



3.2.  

 

 

 

 

 

3.2.  

alt 

alt 

 



 

 

 

3.2.  

 



 
 

3.2.7. SAKRUM PUB  

. 

 



 

 

 

 

 

 



3.3.  

- -

grubu, bir grup ola  

 

3.4.  

-Q grafikleri ve Shapiro-wilk testi 

-

oransal hata, tahmini 

p<0.05 olarak kabul edildi. 

 

 

 

 

  

 

 

 

 



 

 

 

4. BULGULAR 

 

E 

 

 

 

  

 

 

p  

KADIN (n=503) ERKEK (n=515) 

 

  0.202 

   0.873 

 

37.54  36.98  0.120 

LUMBAL 

LORDOZ  

43.97  42.01  <0.001* 

 21.44  21.10  0.583 

SAKRUM 

 

58.9  58.54  0.350 

SAKRUM 

 

63.20  62.91  0.457 



ortalama 

p

dahil edilen erkek bireylerde ortalama pelvik insida

 

ortalama 

p  dahil edilen 

erkek bireylerde ortalama 

 

ortalama 

p

erkek bireylerde ortalama 

 

ortalama erleri 

p

edilen erkek bireylerde ortalama 

 

ortalama 

p

erkek bireylerde ortalama 

 

 ortalama sakrum pubik insidans 

p=0.350). 

ortalama 

 

ortalama 

p

dahil edilen erkek bireylerde ortalama 

 

 

 



KORELASYONU 

 

Tablo 4.2. Pelvik iskelet parametrelerin birbirleri ile korelasyonu 

 

 

p<0.001) (Tablo 4.2). 

 

 
  

SAKRAL 

 

LUMBAL 

LORDOZ 

SAKRAL 

 

SAKRUM 

 

SAKRUM 

ARKA 

 

1 0.511 0.658 0.471 0.606 0.962 0.957 

 1 -0.312 -0.330 0.296 0.444 0.438 

  1 0.810 0.411 0.675 0.674 

   1 0.347 0.488 0.488 

    1 0.613 0.613 

     1 0.996 

      1 



Pelvik insidans ile sakral e

sakrum pubik arka 

r=0.658, r=0.606, r=0.675, r=0.674 r=0.613, r=0.613) (p<0.001) (Tablo 4.2). 

tilt ile sakru

korela

r=0.488) (p<0.001) (Tablo 4.2). 

.296, r=0.347) (p<0.001) (Tablo 

4.2). 

-0.312, r=-0.330) (p<0.001) 

(Tablo 4.2). 

 

 BT 

 

-11 ile 13- -

p<0.01). 

 

 

 

 



-  

 n   MAX 

7 83  28.31 57.67 

8 96  27.52 56.77 

9 84  31.26 59.46 

10 85  33.79 59.63 

11 85  28.55 57.76 

12 83  35.94 60.95 

13 102  35.69 64.11 

14 100  37.35 59.76 

15 100  37.69 61.58 

16 100  35.50 61.47 

17 100  35.64 64.80 

TOPLAM 1018  27.52 64.80 

n

 

 

 

Pelvik  

 



 

 

 

 



 

 

-

fark tespit p P

 

-  

 n   MAX 

7 83  -6.40 24.27 

8 96  -9.60 22.34 

9 84  -7.03 20.80 

10 85  -3.70 22.59 

11 85  -2.58 24.56 

12 83  -1.23 22.09 

13 102  1.88 21.74 

14 100  1.73 19.31 

15 100  0.79 21.04 

16 100  0.77 19.73 

17 100  -1.31 22.68 

TOPLAM 1018  -9.60 24.56 

 

 

 



 

 

 

 

Pelvik tilt  

 



 

 

 

 

 

 

4.8). 7 ile 12- da (p<0.01), 8,9 ile 13-

(p<0.01), 10,11 ile 15- p

 

 

 

 

 

 

 



-  

 n   MAX 

7 83  19.98 47.95 

8 96  23.06 50.30 

9 84  21.25 48.09 

10 85  23.75 53.53 

11 85  22.38 54.76 

12 83  15.04 53.97 

13 102  20.19 47.36 

14 100  21.80 53.93 

15 100  23.96 55.43 

16 100  24.31 49.19 

17 100  27.15 49.76 

TOPLAM 1018  15.04 55.43 

 

 

 

Sakral  

 



 

Sakral  

 

 

  



 

 

iki cinsiyet grubunda 

p<0.05) ve 7 ile 11,13- p<0.01) istatistiksel 

 

-  

 n   MAX 

7 83  22.60 62.40 

8 96  25.20 63.00 

9 84  21.80 63.40 

10 85  25.60 60.80 

11 85  25.50 66.30 

12 83  19.60 63.20 

13 102  20.40 63.30 

14 100  25.30 66.40 

15 100  28.50 62.90 

16 100  27.60 58.90 

17 100  28.50 67.30 

TOPLAM 1018  19.60 67.30 

 

 

 



 

Lumbal lordozun  

 

Lumbal  



 

  

 

 

p p<0.05) ve 7 ile 13-17 

p

  

 

 

 

 

 



-  

 n   MAX 

7 83  3.300 36.500 

8 96  2.100 41.800 

9 84  1.700 45.600 

10 85  3.000 42.600 

11 85  1.200 43.100 

12 83  1.000 46.000 

13 102  0.100 46.600 

14 100  6.200 47.000 

15 100  1.700 44.100 

16 100  0.800 41.100 

17 100  3.900 55.200 

TOPLAM 1018  0.10 55.20 

 

 

 

 

Sakral kifozun  

 

 



 

S  

 

 

 



 

 

sonucunda ortalama sakrum pubik insidans 

sakrum pubik insidans sakrum 

pubik insidans 

ise Sakrum 

pubik insidans 

- p<0.05) ve 7-9 ile 13-

p<0.01) istatistiksel olarak 

 

 

Tablo 4.8. Sakrum pubik insidans  7-  

 n   MAX 

7 83  40.56 67.70 

8 96  41.71 67.90 

9 84  43.59 71.03 

10 85  43.41 70.31 

11 85  42.93 69.69 

12 83  48.80 74.40 

13 102  48.05 76.54 

14 100  48.17 71.96 

15 100  49.93 71.63 

16 100  47.23 73.03 

17 100  48.31 77.82 

TOPLAM 1018  40.56 77.82 

 

  

 



 

Sakrum pubik insidans   

 

 Sakrum  



 

 

 

 

sonucunda ortalama 

sakrum pu  

g p<0.05), 7-10 ile 13-

p<0.01) 11 ile 13- p<0.05) istatistiksel olarak 

lasyonu 

 

 

 

 

 

 



Tablo 4.9.   7-  

 n   MAX 

7 83  45.10 71.62 

8 96  45.73 72.44 

9 84  47.04 76.25 

10 85  47.44 75.61 

11 85  47.96 74.90 

12 83  52.68 78.39 

13 102  52.02 81.11 

14 100  52.87 76.17 

15 100  54.52 76.32 

16 100  51.84 77.14 

17 100  51.70 80.95 

TOPLAM 1018  45.10 81.11 

 

  

 

Sakrum   

 

 



 

Sakrum pubik  

 

 

 



4.10. METOT  

 

PI: Pelvik insidans, SPI: Sakrum  

 

, pelvik insidan

 

Sakrum pubik insidans= 0.97.(Pelvik insidans) +13.38 

 

 

 

  

 Passing-Bablok ICC CCC 

0 (%95) 1 (%95) KATSAYI p  KATSAYI 

PI-SPI 13.38 

(12.55-14.26) 

0.97 

(0.95-0.98) 

0.96 

(0.96-0.97) 

<0.001 0.34 

(0.32-0.36) 

PI-SPAA 17.88 

(17.04-18.70) 

0.96 

(0.95-0.98) 

0.96 

(0.95-0.96) 

<0.001 0.22 

(0.20-0.23) 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

5.  

Omurga deformitesine 

; Scheue

ve omurga ile pe

istatistiksel olarak 

reylerde normal spinopelvik parametre 

 



daha az 

 

bizim 
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Mac-Thiong ve ark. (2004), 4-

- -

 

Mac-



-

or  

-

edilen 3-

 

Abelin- a 

-

11-  

Bailey ve ark. (2019), 2-

-9, 10-14 ve 15-

 

-Thiong ve ark. (2004, 

2007), Tonbul ve ark. (2012), Abelin-

-Thiong ve ark. (2004, 2007), 

Tonbul ve ark. (2012), Abelin-

ortalama pelvik insidans 

 

 

 

 

 



 

  

KM ve 
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Ortalama 

 

 

Erkekler/ 

 

Hanson ve 
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Mac-Thiong 

ve ark. (2004) 
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10-18 
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(68 E, 
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birlikte artar. 

Mac-Thiong 

ve ark. (2007) 
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204 K) 

 

 
 

 

 

Tonbul ve 

ark. (2012) 

 

3-18 
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Abelin-

Genevois ve 
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3-10 

11-18 

R- 85 
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45 K) 

 

 

45.3 

43.8 

 

 

Bailey ve ark. 

(2019) 

2-9 

10-14 
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3BT- 

144 

(118 E 
26 K) 

 

 

 

 

 

- 
 

 

Bizim 

 

 

7-17 

3BT- 

1018 

(515 E 

503 K) 

 

 

 

 

 

PI  

 

n



5.2.   

 

Mac-Thiong ve ark. (2004), 4-

- -

 

Mac-Thiong ve a

tilt erkeklerde 

dahil edilen 3-

olar  

-

ya dahil edilen 3-

 

Abelin-

- -

 

tilt 

9

 

-

-Thiong ve ark. (2004, 2007), 



alara 

 

 

Tablo 5.2  

PT: 
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un

 

  

KM ve n  
 

 
Ortalama 

 

 

Erkekler/ 

 

Mac-Thiong 

ve ark. (2004) 

4-9 

10-18 

R- 180 (68 

E, 112 K)  

 

-  

Mac-Thiong 

ve ark. (2007) 

3-18 

R-341 

(137 E, 

204 K) 

 

 
 

 

 

Tonbul ve 

ark. (2012) 

3-18 
R- 120 (60 

E, 60 K) 

 
 

 

 

Abelin-

Genevois ve 

ark. (2014) 

3-10 

11-18 

R- 85 (40 

E, 45 K)  

6.1 

4.7 

 

 

Bizim 

 

 

7-17 

3BT- 1018 

(515 E, 

503 K) 

 

 

 

 

 

 

 



Mac-Thiong ve ark. (2004), 4-

- -

 

Mac-

-

 

nuna ait 13-

 

 

un

-

 

3-

 

Abelin-

-

11-  

-Genevois ve ark. (2014), erkek ve 

Mac-

v

a  

7 ile 12-



 

 

  

KM ve 

n 

 
 

 

 

Ortalama 

 

 

Erkekler/ 

 

 

Mac-Thiong 

ve ark. (2004) 

 

4-9 

10-18 

 

R- 180 

(68 E, 

112 K) 

 

 

 

- 
 

 

Mac-Thiong 

ve ark. (2007) 

 

3-18 

R- 341 

(137 E 

204 K) 

 

 

 

 

 

 

(2007) 

 

13-40 

MR- 

413 

(188 E 

225 K) 

 

 

 

 

 

 

Tonbul ve 

ark. (2012) 

 

3-18 

R- 120 

(60 E, 

60 K) 

 

 

 

 

 

erkeklerde 

 

Abelin-

Genevois ve 

ark. (2014) 

 

3-10 

11-18 

 

R- 85 

(40 E, 

45 K) 

 

 

 

 

 

 

 

 

Bizim 

 

 

7-17 

3BT- 

1018 

(515 E 

503 K) 

 

 

 
 

 

36.98  

37.54

  

 

 

boyutlu  

 



5.4.  LUMBAL LORDOZ  

 

 

talama lumbal lordoz 

 

un

- -

- -

 

Mac-Thiong ve ark. (2004), 4-

- -

 

una ait 13- ki 

 

Mac-

-

 

Abelin-

-

-

 

un

 



Bailey ve ark. (2019), 2-20 

- -

-  

 

-

 

 

an 

seb

 

-

-

-

-



 

 

  

KM ve 

n 

Lumbal  
 

 
Ortalama 

 

 

Erkekler/ 

 

Hanson ve 

ark. (2002) 

11-17 

18-60 

R- 40 

 

 

- 
 

(2004) 

3-6 

7-9 

10-12 

13-15 

R- 151 

(79 E, 

72 K 

 

 

 

- 

 

 

Mac-Thiong 

ve ark. 

(2004) 

4-9 

10-18 

R- 180 

(68 E, 

112 K) 

 

 

- 

 

 

ark. (2007) 13-40 

MR-413 

(188 E 

225 K) 

 
 

 

 

Mac-Thiong 

ve ark. 

(2007) 

3-18 

R-341 

(137 E 

204 K) 

 
 

 

 

Abelin-

Genevois ve 

ark. (2014) 

3-10 

11-18 

R- 85 

(40 E, 

45 K) 
 

44.1  

47.7 

 

 

ark. (2019) 
1-16 

MR- 
321 

 
 

-  

Bailey ve 

ark. (2019) 

2-9 

10-15 

16-20 

3BT-

144 
(118 E, 

26 K) 

 
 

 

  

 

 

Bizim 

 

 

7-17 

3BT- 

1018 

(515 E 

503 K) 

 

 

42.01  

43.97  

 

 



5.5.   

 

 

insid

p<0.001). 

 

p<0.05). 

 

p<0.001). 

 

5.6. 

  

gen bireylerdeki pelvik insidans ile sakrum pubik 

 



 

p>0.05). Pelvik insidans ile sakrum pubik insidans 

p<0.01). Sakrum pubik 

 

, 63.20  olarak 

, 62.91  

p>0.05). Pelvik insidans ile sakrum pubik insidans ve 

7, p<0.001). Sakrum pubik 

 

5.7. ORELASYONU 

 

 

-

 

r=0.678, r=0.578, p

p<0.001). Pelvik tilt ile 

(r=0.138, p<0.01). 



 

r=0.600, r=0.541, r=0.837, p<

59, p<0.001). 

Mac-

p<

p<0.001, p<0.01). 

Abelin-

p<0.01, p<

p<0.001, p

-0.434, 

p<0.05). 

-15, 16-

bireylerde lumbal lord

p<0.05, p<0.01). 

korelasyon, pelvik insidans il

lumbal lordoz ar

 

 



sagittal 

 bilmeliyiz. 

ins

daha 

parame

spinop
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