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SUMMARY 

Purpose: The aim of this study is to investigate the anatomic 
morphometry of the lumbar pedicles and support to calculate 
the best diameter and length of screws used in lumbar 
instrumentation.
Materials-Method: We inspected 86 patients’ data 
retrospectively from the patient files. We measured the lumbar 
vertebras pedicles diameters from the thickest pedicle image 
shown in axial bone images of computed tomography (CT) 
and length of the pedicle-corpus distance from the beginning 
of posterior pedicle to the end of the corpus vertebra with 
the line passes through the middle of the pedicle. All of the 
lumbar vertebras were measured bilaterally from L1 to L5.
Results: Fifty-six patients were male (65.1 %), and 30 were 
female (34.9 %). Mean age of the patients was 40.8 +_ 15.6 (18-
60) years. Analyses revealed that only pedicle diameters at L2, 
L4, and L5 levels were similar between males and females, and 
all other measurement were significantly different between 
the sexes. The measurements were significantly higher 
in males, when compared to females. The results showed 
that pedicle diameters were significantly increased from L1 
through L5, both in left and right sides (p<0.001, for each). 
The pedicle-corpus diameters were also showed significant 
differences between lumbar vertebras (p<0.001, for each), and 
L4 and L5 values significantly lower than the others at right, 
and L4 values significantly lower than the others at left side.
Conclusion: Preoperative CT based lumbar pedicle 
morphometric data assessment in preoperative planning of 
spinal surgery is advisable because of the large variations, so 
that intra and postoperative complications can be avoided.

Key Words: Lumbar vertebra morphometry, Lumbar vertebra 
pedicle morphometry, Lumbar vertebra pedicle diameter
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ÖZET

Amaç: Bu çalışmanın amacı lomber omurga pedikül morfome-
trisini incelemek ve lomber enstrümantasyon ameliyatlarında 
kullanılan pedikül vidaları için en doğru kalınlığını ve uzunluğunu 
belirlemeye yardımcı olmaktır.
Materyal-Metod: Retrospektif olarak 86 hastanın dosyası in-
celendi. Lomber vertebra pedikül çapları ince kesit bilgisayarlı 
tomografi (CT) aksiyel görüntülerinden pediküllerin en kalın 
olduğu kesitlerden ve pedikül ile vertebra korpusun ön sınırını 
birleştiren yerden uzunluk olarak ölçüldü. L1 seviyesinden L5 se-
viyesine kadar tüm vertebralar çift taraflı olarak ölçüldü.
Sonuçlar: Elli altı erkek hasta (% 65.1) ve 30 kadın hasta (% 34.9) 
incelemeye alındı. Ortalama hasta yaşı 40.8 +_ 15.6 (18-60) olarak 
hesaplandı. Analiz sonucunda kadın ve erkek hastaların sadece 
L2, L4 ve L5 vertebra özellikleri benzer görüldü ve diğer ölçüm-
ler anlamlı olarak farklı bulundu. Ölçümlerde erkek hastaların 
değerleri kadın hastalara göre anlamlı derecede büyük çıkmıştır. 
L1 seviyesinden L5 seviyesine inildikçe pedikül çapları pedikül 
çapları anlamlı olarak artmaktadır (p<0.001, her taraf için). Pe-
dikül-korpus arası uzunluk L1 seviyesinden L5 seviyesine doğru 
gidildikçe anlamlı olarak azalmıştır (p<0.001, her biri için), ve 
L4 - L5 sağ uzunluk değerleri diğerlerinden düşük, L4 sol taraf 
uzunluk değerleri de diğer uzunluklardan düşük bulunmuştur.
Çıkarım: Preoperatif CT kullanılarak lomber pedikül mor-
fometrik veri değerlendirilmesi lomber pedikül anatomisindeki 
çeşitli varyasyonlar nedeni ile mutlaka önerilmelidir. Böylece 
ameliyat sırasında ve ameliyat sonrasında karşılaşılabilecek 
komplikasyonların önüne geçilebilir.

Anahtar Kelimeler: Lomber vertebra morfometrisi, lomber 
vertebra pedikül morfometrisi, lomber vertebra pedikül çapı

Kanıt Düzeyi: Retrospektif klinik çalışma, Düzey III
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INTRODUCTION

Lumbar morphometry is important not only for 
understanding of biomechanics of lumbar spine but 
also for surgical techniques aimed to stabilization 
and correction of deformities. First application of the 
pedicle screw plating system for the lumbar spine 
had been made by Roy-Camille et al (20). Since then 
pedicle screw fixation has become an increasingly 
popular technique of instrumentation to treat spinal 
disorders by providing stable fixation and correcting 
spinal deformities (16).

To prevent impingement of the neural structures, 
accurate and safe pathway of the pedicle is important 
and requires precise and accurate knowledge of bony 
and neural structures (4). There are complications as-
sociated with oversized pedicle screw such as dural 
tears, leakage of cerebrospinal fluid and injuries to 
nerve roots from the medial wall (13).

The purpose of this study was to investigate the 
anatomic morphometry of the lumbar pedicles and 
support to calculate the best diameter and length of 
screws used in lumbar instrumentation.

MATERIALS AND METHOD:

We inspected 86 patients’ data retrospectively 
from the patient files. The patients between the 
ages of 18 to 60 who had been imaged with lumbar 
vertebral multi-sliced computed tomography were 
included. The exclusion criteria were emergency pa-
tients, having degenerative spinal disease, fractures, 

spondylolysis and spondilolystesis. We measured the 
lumbar vertebras pedicles diameters from the thick-
est pedicle image shown in axial bone images of CT 
and length of the pedicle-corpus distance from the 
beginning of posterior pedicle to the end of the cor-
pus vertebra with the line passes through the middle 
of the pedicle (Figure-1). All of the lumbar vertebras 
were measured bilaterally from L1 to L5 by Osirix® 
software. 

Statistical Analysis:

Descriptive statistics of numerical data were pre-
sented as mean, standard deviation, minimum and 
maximum. The categorical variable gender was pre-
sented as frequency and percent. The comparisons 
between independent two groups were conducted 
by Mann-Whitney U test. The changes between ver-
tebra levels were compared by using Friedman test, 
and when a statistically significant difference was 
observed, post-hoc analyses were performed by Wil-
coxon test. SPSS software version 21 (IBM Inc., USA) 
was used for the statistical analyses. Statistical signifi-
cance level was considered as 0.05 in the analyses of 
this study.

RESULTS:

Fifty-six patients were male (65.1%), and 30 
were female (34.9%). Mean age of the patients was 
40.8±15.6 (18-60) years. Mean age of the males and 
females were statistically similar (p=0.664), and 
39.7±15.6 years and 42.9±15.7 years, respectively.

Figure-1. Measurement example of pedicle diameter and pedicle-corpus lenght prepared with Osirix®
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Table-1. Comparisons of pedicle, and pedicle-corpus lengths according to gender. P: pedicle diameter; PC: pedicle-corpus 

length. *: Statistically significant results in comparisons between males and females (Mann-Whitney U test).

Male Female
p

Mean SD Min Max Mean SD Min Max

L1-Right-P 6,71 1,01 5 9,2 5,8 0,83 4,6 7 0,009*

L1-Left-P 6,78 1,1 5,1 9,4 6,05 0,89 4,7 7,8 0,030*

L1- Right -PC 55,6 3,91 47,7 66,7 51,83 2,48 47,7 56,1 0,002*

L1- Left - PC 55,89 3,68 48,3 66,8 52,15 2,33 48,2 55,8 0,001*

L2- Right -P 7,07 1,13 5,2 9,6 6,37 0,8 5,2 8 0,054

L2- Left -P 6,54 2,16 0 9,5 6,48 0,82 5,2 8,2 0,236

L2- Right - PC 55,03 3,78 46,6 66,1 51,19 3,09 46,6 59,1 <0.001*

L2- Left - PC 55,3 3,78 46,8 65,9 51,55 2,93 46,8 57,1 0,001*

L3- Right -P 8,63 1,29 6,1 11,1 7,71 1,13 6,1 10,3 0,026*

L3- Left -P 8,71 1,4 5,7 12,1 7,85 1,42 6,1 10,8 0,036*

L3- Right - PC 55,06 4,36 45,8 63,2 52,25 3,35 45,8 58,5 0,029*

L3- Left - PC 54,91 3,9 46,3 62,5 52,31 3,57 46,3 57,8 0,035*

L4- Right -P 10,37 1,43 7,5 14 9,57 1,58 7,3 12,3 0,143

L4- Left -P 10,5 1,44 8,1 13,4 9,84 1,69 7,8 13,8 0,172

L4- Right - PC 53,05 3,65 44,7 59,5 50,09 3,56 44,6 56,4 0,009*

L4- Left - PC 53,01 3,8 44,9 60,7 49,95 3,26 44,9 56,8 0,007*

L5- Right -P 13,33 1,75 9,6 16,9 12,83 1,57 10,8 16 0,320

L5- Left -P 13,41 1,93 9,8 17,4 12,78 1,96 9,9 17,1 0,284

L5- Right - PC 54 3,85 47,6 63,9 49,8 3,46 42,4 57,8 <0.001*

L5- Left - PC 54,17 3,91 46,5 65,1 50,5 3,07 45,4 57,2 0,003*

The comparisons of pedicle diameters and pedi-
cle-corpus lengths according to gender are presented 
in Table-1. Analyses revealed that only pedicle diam-
eters at L2, L4, and L5 levels were similar between 
males and females, and all other measurement was 
significantly different between the sexes. The mea-
surements were significantly higher in males, when 
compared to females. 

Table-2 shows the comparisons of pedicle diam-

eters, and pedicle-corpus lengths according to sides. 
The results showed that pedicle diameters were sig-
nificantly increased from L1 through L5, both in left 
and right sides (p<0.001, for each). The pedicle-cor-
pus diameters were also showed significant differenc-
es between lumbar vertebras (p<0.001, for each), and 
L4 and L5 values significantly lower than the others at 
right, and L4 values significantly lower than the oth-
ers at left side.
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Table-2. Pedicle diameters and pedicle-corpus lengths according to the sides.*: Pedicle diameters were significantly in-
creased from L1 through L5, both in left and right sides (Friedman Test). **: Pedicle-corpus lengths on right side showed sig-
nificant difference in overall comparisons (Friedman Test), and post-hoc analyses revealed that L4 and L5 values significantly 
lower than the others (Wilcoxon test). ***: Pedicle-corpus lengths on left side showed significant difference in overall com-

parisons (Friedman Test), and post-hoc analyses revealed that L4 values significantly lower than the others (Wilcoxon test).

Right Left

Pedicle diameter Mean SD Min Max p Mean SD Min Max p

L1 6,39 1,04 4,6 9,2

<0.001*

6,53 1,08 4,7 9,4

<0.001*

L2 6,83 1,07 5,2 9,6 6,52 1,79 0 9,5

L3 8,31 1,3 6,1 11,1 8,41 1,45 5,7 12,1

L4 10,09 1,52 7,3 14 10,27 1,55 7,8 13,8

L5 13,15 1,69 9,6 16,9 13,19 1,94 9,8 17,4

Pedicle-corpus length

L1 54,29 3,9 47,7 66,7

<0.001**

54,58 3,71 48,2 66,8

<0.001***

L2 53,69 3,97 46,6 66,1 53,99 3,91 46,8 65,9

L3 54,08 4,22 45,8 63,2 54 3,95 46,3 62,5

L4 52,02 3,85 44,6 59,5 51,94 3,87 44,9 60,7

L5 52,54 4,2 42,4 63,9 52,89 4,01 45,4 65,1

DISCUSSION:

Detailed anatomical descriptions of the morphol-
ogy and orientation of lumbar vertebrae are neces-
sary for the development and use of implantable 
devices and spinal instrumentation (3). The goal of 
internal fixation for fusion is to reconstruct the com-
promised columns within a spinal motion segment 
with non-biologic materials, affording temporary im-
mobilization and stabilization until bony fusion can 
develop (1). 

Fixation is successful when a construct can with
stand the wear and tear of stresses and strains until 
fusion occurs. In the lumbar area, detailed anatomical 
knowledge is critical for performing a safe operation 
(22). It is a common clinical finding that most of the 
pedicle fractures related to pedicle screws occur at 
the lateral wall of the pedicle. Misenheimer et al. in-
serted screws of the different diameters into thoracic 
and lumbar pedicles (17). After the use of increased 
screw diameter, they found changes on the pedicle 
structure. Although there were as many lateral cut-
outs as there were medial, they have found that the 
entrance points for the screws were in the center of 
the pedicle, they saw 72 % pedicle fractures laterally 

and only 28 % medially. The medial wall of the pedicle 
must be preserved during screw placement into the 
pedicle to avoid nerve root or dural damage and to 
preserve biomechanical stability (13). The definition 
of the appropriate screw length and diameter usage 
will decrease the complication risks like anterior cor-
pus and pedicle perforation, dural tear, cerebrospinal 
fluid leakage, nerve and major vascular injury. 

Cansever et al. and Zindrick et al. reported simi-
larly in their studies that pedicle diameter is increas-
ing but length of pedicle is decreasing from L1 to L5 
(6,22). Our results are supporting these reports. Acha-
rya et al. and Chadha et al. reported Indian popula-
tions’ lumbar vertebrae morphology have variations 
(2,7). That supports the opinion of morphological 
characteristics may be varied between different pop-
ulations. This aspect was also evident in various other 
ethnic population groups studied by Cheung et al.,  
Hou et al.,  and Kim et al., for Chinese, Asian and Kore-
ans, respectively (8,10,12).

Many literature have described the morphomet-
ric aspects of the lumbar spine and the details of the 
pedicle sizes and dimensions by means of CT scan, 
plain image, direct specimen measurement and 
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quantitative 3D anatomic technique (9,11,14-15,18). 
Panjabi et al. provided the most detailed collection of 
quantitative 3D surface anatomy of the main verte-
bral parameters for the thoracic and lumbar human 
spine (19). The parameters corresponding to the ver-
tebra L5 were not included in the analyses because 
L5 shows remarkable morphological differences for 
some parameters when compared with the other 
lumbar vertebrae as reported by Berry et al., Zindrick 

et al., Scoles et al. before (5,21-22). This is probably 
due to the position of L5 being localized in the final 
transition zone from lumbar to sacral region (19).

Preoperative computer aided CT based lumbar 
pedicle morphometric data assessment in preopera-
tive planning of spinal surgery is advisable because 
of the large variations, so that intra and postoperative 
complications can be avoided.
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