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ABSTRACT Anthropometric measurements of the lumbar spinal canal and lumbar vertebra have been done for
seventy people with backache and seventy people with L4-L5 lumbar disc herniation diagnosis in this research.
Measurement of corpus vertebra height, intervertebral disc height, antero-posterior transvers diameter of disc
herniation and sagittal-transvers diameter of spinal canal were done. Measured values were compared due to age and
sex, and between the two groups. Sex and age variables were found to be of statistical significance among groups
(p<0.001). Intervertebral disc height did not have any meaning between the two groups (p=0.5). Sagittal diameters
of spinal canal were significant in both groups (p<0.001), while there was no other meaning attached when
considering sexes (p=0.4), and it seems that sagittal diameter is the significant diameter in the stenosis of spinal
canal. Sex difference of the spine affected by disease seems to be a related weak force for men, and menopausal and
postmenopausal periods for women according to age. Anthropometric measurement of the lumbar spinal canal and

lumbar vertebra could lead to many medical and anthropological applications related to the spine.

INTRODUCTION
Objective

The anthropometric measurement of the lum-
bar spinal canal (SC) and lumbar vertebra is of
importance to clinical and archaeological research-
ers. Identification of the SC and the lumbar verte-
bra structures are of relevance to many medical
and anthropological applications related to the
spine. Especially with respect to single vertebral
measurements, only a rough prediction is possi-
ble. Due to their complex geometry, vertebral mea-
surements are possible at various locations (Klein
etal. 2015). However, several diseases commonly
affect the spine. An anthropological measurement
of the related area may define the degree of the
diseases, and could lead to the need for a proper
medical or surgical treatment.

Sex and Age Importance

Several scientific studies until today have
shown that excessive load on the spine, genetic
factors and age are the main causes of lumbar
disc herniation (LDH) formation (Weinstein 1983),
and vertebra degeneration due to age is an im-
portant factor of LDH formation (Thompson et
al. 1990; Brinjikji et al. 2015). Due to the disc de-

generation of these patients, liquid and metabol-
ic excrements are forced out of the disc, then, at
the height of it, intervertebral disc (IVD) seg-
ment decreases, after the inner pressure of disc
decreases, liquid and metabolic excrements again
getinside disc, thus, height of disc segment again
increases (tumorous disc) (Meray and Alpaslan
2001). Other researches on this issue prove that
change in the disc height also causes disrup-
tions in arthrodia and ligament structures (Ohs-
hima et al. 1993). Thus, anatomic knowledge
about the area is essential and the determination
of structural and anthropological change seems
to be important. Sex comparison among various
professions, environmental factors such as
heavy and repeating mechanic pressure (Vide-
man et al. 1995), smoking (Battie et al. 1991), me-
chanic stresses, decreased nutritional diffusion
(Buckwalker 1995; Horner and Urban 2001), and
lifting of heavy weight are shown as the main
factors that cause LDH especially in men.

Anthropometric Measurement of Spinal Canal
and Lumbar Vertebra

The pathological alterations in the sagittal
and transverse diameters of the SC lead to aches
in the lumbar region and lower extremity. There-
fore, it is important to know the sizes of the SC.
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The structural properties of the relevant anatomic
region can be revealed with the determination of
the diameter values of the SC by using various
radiological methods, particularly the MRI. Mag-
netic resonance visualization is the most impor-
tant diagnosis method for disc herniation and
provides sagittal and transverse plain visualiza-
tion (Yussen and Swartz 1993; Takada and Taka-
hashi 2001). Especially, maximum visualization
level of LDH is L4-L5 and has the most common
site of spinal stenosis with the largest flexion-
extension motion (Boleaga-Duran and Fiesco-
Gomez 2006; Kim etal. 2013; Putzer et al. 2015).

Thus, for LDH patients, determination of ra-
diological anatomic characteristic of related area
comes to the forefront. However, there are so
few retrospective studies focusing on relations
between clinic and radiological anatomy (Amud-
sen et al. 1995). Therefore, with this research,
evaluation of related area’s anthropometric char-
acteristics of SC and lumbar vertebra could help
scientists and anthropologists in the knowledge
of SC diameters and lumbar vertebra body height.

MATERIAL AND METHODS

This research started after a preapproval from
the human resources ethic council of Kocaeli
University. Atotal of 140 patients who applied to
Research and Practice Hospital Brain and Nerve
Surgery Clinic with backache complaint were in-
cluded. After retrospective examination of MR
visuals, 70 patients diagnosed with LDH were
decided as the fact patient group and 70 people
without LDH were decided as fact control group.
Deciding on patient group, only cases with L4-
L5 posterior disc herniation were chosen. Cases
with disc herniation different from L4-L5 level or
cases of vertebra degeneration were not includ-
ed in the research. Age range of patient group is
between 30-65 years, and control group is from
33-57 years. T2 based axial and sagittal visions
of MRI visualizations of all cases were examined
on a computer, and measurements were obtained
in millimeters.

Height of vertebral body (d1) was measured
at L4 herniation level, SC width (d2) was mea-
sured at L4-L5 IVVD herniation level and L4-L5
IVD height (d3) was measured in the T2 weight-
ed sagittal image of the patient group. In addi-
tion, the heights of IVDs in the upper and lower
levels of the herniation level and the width of the

SC were measured in order to make a compari-
son. In these measurements, the SC width as from
the rear-midpoint of L3-L4 1\VVD was d4, the height
of L3-L4 IVD was d5, the SC width as from the
rear-midpoint of L5-S1 1VD was d6 and the height
of L5-S1 IVD was d7. The same measurements
were performed for the control group as well.
Due to these reasons, LDH was lacking in the
control group, and the measurement of the SC
(d2) was performed as from the rear-midpoint of
L4-L51VD.

Since the control group had no LDH, mea-
surements of SC width (d2) were done from the
back-middle point of L4-L5 IVD. Anterior-poste-
rior herniation length (AB) and the herniation
width (CD) as from the midpoint of the AB length
were measured in the axial section of the MRI
image of the patient group. These measurements
were not performed in the control group due to a
lack of herniation. Besides, sagittal (EF) and trans-
vers (GH) diameters of SC were measured on the
same sections in both groups (Table 3).

An index of herniation (IH) was generated in
order to define ratio between SC and herniated
disc material. The more there is index of hernia-
tion, the more the SC that is being covered by
disc material. In order to obtain index of hernia,
and as a result of measurements, the formula giv-
en below was used (Ozturk et al. 2005).

HI=(ABx CD) x 1.000

(EF x GH)

Where,

AB: Anterior-posterior herniation length

CD: Herniation width as from the midpoint of
the AB length

EF: Sagittal (EF) diameter of spinal canal

GH: Transvers (GH) diameter of spinal canal

In the evaluation process, information on age
and sex from patient files were used. Statistics
were used for determining whether there was a
significant difference between measurement of
patient and control groups. For the comparison
of data, independent sample t test was used. For
distribution of sexes for two groups, square test
was applied. All data obtained was evaluated with
SPSS: 16 for Windows program (p<0.001 accept-
ed as significant).

RESULTS

In this research, 70 out of a total number of
140 patients composed the patient group, while
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other 70 were considered as control group. Fe-
male number was 86 (61.4%) and male number
was 54 (38.6%). The distribution by groups was
47 of 86 women in control group and 39 in pa-
tients group, 23 of 54 male composed the control
group, 31 composed the patient group. Distribu-
tion of both patient and control groups accord-
ing to sex is shown in Table 1.

Table 1: Distribution of control and patient groups

according to sex

Group
Gender  Control Patient Total P value
Female 47 39 86 0.166
Male 23 31 54
Total 70 70 140

For the comparison of sexes, square test had
been applied and no statistically significant dif-
ference could be defined. In the comparison of
age and sex between control and patient groups,
square test was applied and a significant differ-
ence had been defined among groups (p<0.001).

For the comparison of T2 sagittal and axial
segment measurements of MR images for con-
trol and patient group, independent samples t-
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test had been applied. Average and standard
deviation values after the test can be seen in
Table 2.

Table 2: Average of age and gender comparisons
between groups

Group Number Mean Std.
deviation
Control group female 47 41.9 5.141
Control group male 23 43.9 6.646
Patient group female 39 50.9 8.571
Patient group male 31 51.3 9.612

Findings in Table 2, demonstrate that the
average of age of patient group is higher than
control groups and statistically significant be-
tween groups.

Independent sample t-test was conducted for
the comparison between the measurements per-
formed on the T2 sagittal and axial sections in
the MRI images of the control and patient
groups. Accordingly, statistically significant dif-
ferences were found between width of SC at L4-
L5 IVD herniation level, anterior-posterior herni-
ation lengths of L4-L5 IVVD and the sagittal diam-
eters of SC at L4-L5 level.

A value was obtained by subtracting the an-
terior-posterior disc herniation length (AB) from

Table 3: Mean values of the spinal canal and lumbar vertebra between groups

Group N Mean Standard P value
deviation
Mean Age Control 70 42.3 5.709 <0.001
Patient 70 51.1 8.891
Height of L4 Spinal Canal Body (d1) Control 70 21.4 2.482 0.37
Patient 70 21.3 1.91
Spinal Canal Width at L4-L5 Level (d2) Control 70 11 1.245 <0.001
Patient 70 8.4 2.133
L4-L5 IVD Height (d3) Control 70 11.2 1.681 0.49
Patient 70 10.6 2.077
Spinal Canal Width of L3-L4 IVD (d4) Control 70 11.5 1.401 0.68
Patient 70 11.7 2.551
Height of L3-L4 IVD (d5) Control 70 11.1 1.653 0.66
Patient 70 11.3 2.348
Spinal Canal Width at L5-S1 Level (d6) Control 70 12.1 1.887 0.12
Patient 70 12.6 2.735
Height of L5-S1 IVD (d7) Control 70 11.3 2.438 0.09
Patient 70 11.2 3.299
L4-L5 Anterior-Posterior Herniation Control 70 0.00 0.000 < 0.001
Length (AB) Patient 70 8.9 2.661
Sagittal Diameter of L4-L5 Spinal Canal (EF) Control 70 18.9 2.201 < 0.001
Patient 70 17.4 2.408
Transvers Diameter of L4-L5 Spinal Canal Control 70 26.3 2.996 0.63
(GH) Patient 70 26 3.840
Visual Analog Scale Control 70 4.8 0.722 < 0.001
Patient 70 7.2 1.426
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the sagittal diameter of SC (EF), in order to ana-
lyze whether there is a correlation between the
spinal canal and VVAS at the level of IVD hernia.
This value is the distance between the 1\VVD her-
niation and the SC. Researchers obtained the cor-
relation between this value, and VAS was evalu-
ated. Accordingly, a negative correlation was
determined between them. A significant differ-
ence was not found between the comparison
made between females and males in terms of the
EF value (Table 3). P values that belong to these
comparisons are defined in Table 3 (p<0.001 de-
fined significant).

DISCUSSION

Morphological changes in human skeleton
can be important indicators of age and have been
used extensively in forensic anthropology. How-
ever, degenerative changes in the vertebral col-
umn like osteophytes or bony lipping on the
margins of the vertebral have been shown to be
useful indicators of age (Stewart 1958; Snodgrass
2004). Furthermore, many studies on LDH states
that this disease is more often in men than in
women, and the frequency of disease varies be-
tween sixty five and eighty percent (Kuday 1993;
Celik 1997; Omidi-Kashani et al. 2016).

Due to studies based on sex comparison
among various professions, environmental fac-
tors such as heavy and repeating mechanic pres-
sure (Videman et al. 1995), smoking (Battie et al.
1991), mechanic stresses, decreased nutritional
diffusion (Buckwalker 1995; Horner and Urban
2001) and lifting heavy weight are shown as the
main factors to cause LDH especially in men.
The research of Michael and friends also claims
without the factor of heavy weight, for both sex-
es, that genetic predisposition also affect LDH
and collagen structure, vitamin D receptors and
some proteins effect tension of tissues, thus,
causing disc degeneration (Adams and Rough-
ley 2006). In this research, both in patient group
with LDH diagnosis and in control group with
backache complaints, the number of women was
more than men. 23 of 39 women’s age was above
50, and researchers believe that this fact might
have affected this result. High average of age for
women and since it is known that there have
been degenerative changes in vertebra and disc
structure due to postmenopausal period, sup-
port this paper (Fahrni and Trueman 1965).

Several studies prove that age is an impor-
tant factor especially for disc degeneration. Ac-
cording to these studies, average age of patients
with LDH diagnosis changes is 32.8, 42 and 54.5,
55.5 (Takada and Takahashi 2001; Mullan and
Kelly 2005; Eguchi et al. 2016). In this research,
average age of control group is 42.57 and aver-
age age of patient group is 51.06. This situation
underlines the results of other studies, claiming
that increasing vertebra degeneration due to age
is an important factor of LDH formation (Thomp-
son etal. 1990; Yazgan et al. 2008; Brinjikji et al.
2015). Various alterations occur in the shapes,
structures and compositions of discs depend-
ing on age and these alterations change the me-
chanical properties of the vertebral column. The
function disorder in the vertebral column and
the frequency of the relevant pains vary by age.
Due to these reasons, many researchers defined
disc degeneration as the common reason for the
lumbar pain in adults (Buckwalker 1995). Accord-
ing to Miller and friends, a significant degenera-
tion is being observed in ninety percent of lum-
bar IVD of people above the age of 50 (Miller et
al. 1988). Weak forces produce tears in discs and
the histochemical structure of discs must be pre-
viously corrupted. This lesion may occur de-
pending on age and genetic susceptibility. For
this purpose, researchers analyzed first of all the
vertebral body structures upper and under the
level of herniation (Table 3). It was seen that the
anatomic structures were normal and that there
was not any sign of fracture or crack. This makes
the researchers think that age and concomitant
degenerative alterations were important factors
in the development of hernia, considering the
mean age of the patient group. In a different pa-
per, researchers measured the antero-posterior
diameter of the SC at the mid-portion of the ver-
tebral body and mid-vertebra body height at L4
and L5. Consequently, they demonstrate that
vertebral height decreased with age, but SC di-
ameter did not change in patients with either lum-
bal spinal stenosis or disc herniation (Kim et al.
2013). Parallel with this paper, other researchers
reported that age is not associated with spinal
canal width and length variation in the thoracic
and lumbar vertebrae in normal people
(Masharawi and Salame 2011).

Furthermore, according to the values ob-
tained in Table 3, in the comparison made be-
tween the groups, the mean sagittal diameter in
the groupwas 17.4 £ 2.4 mm, while itwas 18.9 +
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2.2 mm in the patient group and a significant dif-
ference was found between them. However, a
difference was not found in the comparison of
transverse diameter comparison. In a similar re-
search, in the result of the measurements per-
formed on BT, the sagittal diameter was found to
be17.1+£2.5mminfemalesandas17.5+2.9mm
in males, and the transverse diameter was found
to be 25.5 + 3.4 mm in females and as 25.8 £3.1
mm in males on the average (Basaloglu et al. 2002).
In another research performed by Marchesi et
al., the mean sagittal diameter was found to be
16.9 mm and the mean transverse diameter as
24.3 mm in the measurements made directly on
bone, and the mean sagittal diameter was found
to be 17.2 mm and the mean transverse diameter
as 25.1 mm in the radiological measurements
(Marchesi et al. 1988).

A value was obtained by subtracting the an-
terior-posterior disc herniation length (AB) from
the sagittal diameter of SC (EF) in order to ana-
lyze whether there is a correlation between the
SC and VAS at the level of IVD hernia. This value
is the distance between the 1\VVD herniation and
the SC. The correlation between this obtained
value and VAS was evaluated. Accordingly, a
negative correlation was determined between
them. A significant difference was not found be-
tween the comparison made between females and
males in terms of the EF value (Table 3). Also, as
the HI increases, VAS value rises, because as
the disc area with herniation increases, the SC
diameters decrease.

CONCLUSION

According to these results, researchers think
that anthropometric measurement of the lumbar
spinal canal and lumbar vertebra could lead to
many medical and anthropological applications,
which are related to the spine. Therefore, accord-
ing to the comparison of spinal canal diameter, it
seems that sagittal diameter is the significant di-
ameter in the stenosis of spinal canal. Sex differ-
ence of the spine affected by disease seems to
be a related weak force for men, and menopausal
and postmenopausal periods for women accord-
ing to age. Also, as well as age is an important
factor for disc degeneration, vertebral height
decreased with age, but spinal canal diameter
did not change. According to this paper there-
fore, sagittal diameter seems to be the main fac-
tor in narrowing the spinal canal and antero-pos-

621

terior diameter of disc herniation seems to be the
reason of increasing pain.

RECOMMENDATIONS

It is important to know the sizes of spinal
canal and lumbar vertebra so that structural prop-
erties and anthropological measurement of the
relevant anatomic region can be revealed in the
research of the human spine structure, and in
determining the appropriate treatment relating to
spine. Furthermore, it seems that further research
is needed to enforce age and sex variables ac-
cording to anthropological measurement.

LIMITATIONS

All the vertebral body structures of upper
and under the level of herniation were analyzed
in the T2 sagittal and axial images of the control
and patient groups. It was seen that the anatom-
ic structures were normal and that there was not
any sign of fracture or crack. Patients with lum-
bar vertebra fracture or crack were removed from
this research.

REFERENCES

Adams MA, Roughley PJ 2006. What is intervertebral
disc degeneration, and what causes it? Spine, 31(18):
2151-2161.

Amundsen T, Weber H, Lilleas F, Nordal HJ 1995. Lum-
bar spinal stenosis: Clinical and radiologic features.
Spine, 20(10): 1178-1186.

Basaloglu H, Turgut M, Basaloglu HK 2002. Lumbal
spinal canal’in sagittal ve transvers caplarinin ince-
lenmesi morfometrik ve radyolojik bir calisma. Ege
Tip Dergisi, 41(2): 63-66.

Battie MC, Videman T, Gill K, 1991. Volvo award in
clinical sciences. Smoking and lumbar intervertebral
disc degeneration: An MRI study of identical twins.
Spine, 16: 1015-1021.

Boleaga-Duran B, Fiesco-Gomez LE 2006. Degenera-
tive disease of the lumbar spine. Clinical and mag-
netic resonance imaging correlation. Cir Cir, 74(2):
101-105.

Brinjikji W, Luetmer PH, Comstock B, Bresnahan
BW, Chen LE et al. 2015. Systematic literature re-
view of imaging features of spinal degeneration in
asymptomatic populations. AJNR Am J Neuroradi-
ol, 36(4): 811-816.

Buckwalter JA 1995. Ageing and degeneration of the
human intervertebral disc. Spine, 20: 1307-1314.

Celik RB 1997. Lomber herni diskal. Aktuel Tip Dergi-
si, 1: 674-678.

Eguchi Y, Oikawa Y, Suzuki M, Orita S, Yamauchi K et
al. 2016. Diffusion tensor imaging of radiculopathy
in patients with lumbar disc herniation: Preliminary
results. Bone Joint J, 98-B(3): 387-394.



622 AYLA TEKIN ORHA, CANNUR DALCIK AND KONURALP ILBAY

Fahrni WH, Trueman GE 1965. Comparative radiolog-
ical studies the spines of a primitive population with
North American and North Europeans. J Bone Joint
Surg, 47: 552-555.

Horner, HA, Urban JP 2001. Effect of nutrient supply
on the viability of cells from the nucleus pulposus of
the intervertebral disc. Spine, 26: 2543-2549.

Kim KH, Park JY, Kuh SU, Chin DK, Kim KS et al.
2013. Changes in spinal canal diameter and verte-
bral body height with age. Yonsei Med J, 54(6): 1498-
1504.

Klein A, Nagel K, Giihrs J, Poodendaen C, Plschel K et
al. 2015. On the relationship between stature and
anthropometric measurements of lumbar vertebrae.
Sci Justice, 55(6): 383-387.

Kuday C 1993. Bel agrilari. Tani ve Tedavisi: Logo Yay-
incilik A.S. Istanbul, 1: 28.

Marchesi D, Schneider E, Glauser P 1988. Morphomet-
ric analysis of the thoracolumbar and lumbar pedi-
cles, anatomo-radiologic study. Surg Radiol Anat,
10: 317-322.

Masharawi Y, Salame K 2011. Shape variation of the
neural arch in the thoracic and lumbar spine: char-
acterization and relationship with the vertebral body
shape. Clin Anat, 24: 858-867.

Meray J, Alpaslan S 2001. Bel agrilarinin etyopatogen-
ezisi. Galenos Aylik Tip Dergisi, 53: 5-10

Miller JA, Schmatz C, Schultz AB 1988. Lumbar disc
degeneration: Correlation with age, sex, and spine
level in 600 autopsy specimens. Spine, 13: 173-
178.

Mullan CP, Kelly BE 2005. Magnetic Resonance (MR)
imaging of lumbar spine: Use of a shortened proto-
col for initial investigation of degenerative disease.
The Ulster Medical Journal, 74(1):29-32.

Omidi-Kashani F, Eg H, Zare A 2016 Prognostic value
of impaired preoperative ankle reflex in surgical
outcome of lumbar disc herniation. Arch Bone Jt
Surg, 4(1): 52-55.

Ohshima H, Hirano N, Osada R 1993. Morphologic
variation of lumbar posterior longitudinal ligament
and the modality of disc herniation. Spine, 18: 2408-
2411.

Putzer M, Ehrlich I, Rasmussen J, Gebbeken N, Den-
dorfer S 2015. Sensitivity of lumbar spine loading to
anatomical parameters. J Biomech, (15): 00633-
00638. doi: 10.1016/.2015.11.003.

Snodgrass JJ 2004. Sex differences and aging of the
vertebral column. J Forensic Sci, 49(3): 458-463.

Stewart TD 1958. The rate of development of verte-
bral osteoarthritis in American whites and its signif-
icance in skeletal age identification. Leech, 28(3-
5): 144-151.

Takada E, Takahashi M 2001. Natural history of lum-
bar disc herniation with radiculart leg pain. Sponta-
neus MR Changes of the herniated mass and correla-
tion with clinical outcome. Journal Orthopedic Surg,
9: 1-7.

Thompson JP, Pearce RH, Schechter MT, Adams ME
1990. Preliminary evaluation of a scheme for grad-
ing the gross morphology of the human interverte-
bral disc. Spine 15: 411-415.

Videman T, Sarna S, Battie MC 1995. The long-term
effects of physical loading and exercise lifestyles on
back-related symptoms, disability, and spinal pathol-
ogy among men. Spine, 20: 699-709.

Weinstein PR 1983. Diagnosis and management of lum-
bar spinal stenosis. Clin Neurosurg, 30: 677-697.

Yazgan C, Kara S, Evliyaoglu C 2008. Mr ile incelenen
lomber disklerdeki difiizyon degerlerinin dejenera-
syonla ve yasla olan iliskisi. Ankara University Fac-
ulty of Medicine Journal, 61-63.

Yussen P, Swartz JD 1993. The acute lumbar disc herni-
ation: Imaging diagnosis. Seminars in Ultrasound,
CT and MRI, 14(6): 389-398.

Paper received for publication on September 2015
Paper accepted for publication on April 2016





