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ABSTRACT

The present study was undertaken to examine medicolegal importance of morphometric characteris-
tics of lumbar vertebrae, lumbar intervertebral discs and some important related angles in adult Leba-
nese females. The subjects of this study included thirty Lebanese adult females aged between 18-22 years.
The subjects were selected among students of the faculty of health sciences, Beirut Arab University. Two
plain radiographic views for the lumbosacral spine were taken for each subject (An anteroposterior view
and a lateral view). Measurements were made direct from the X-ray films using Vernier calliper and were
recorded to the nearest tenth of a millimetre. The following measurements were taken for each Lumbar
vertebra: The anterior height of the body, posterior height of the body, horizontal diameter of the pedicle,
vertical diameter of the pedicle, interpedicular distance and the width (transverse diameter) of the body.
Regarding intervertebral discs, the anterior height, posterior height and anteroposterior diameter of the
disc (disc depth) were measured. In addition, the following angles were measured: the angle of lumbar
lordosis, lumbosacral angle and angle of sacral inclination. The mean and standard deviation of the
above mentioned parameters were calculated and recorded. It is concluded that measurements obtained
in this study form a base line figures in normal Lebanese adult females in terms of morphometric meas-
urements in healthy subjects as well as giving guidance to clinicians as being applicable for evaluation
and management of subjects complaining of low back pain; not only do these age related normative val-
ues help in identifying the underlying cause, but they also direct physicians towards the proper line of
treatment. Whether specific preventive modalities or rehabilitation protocols could be instituted to pre-
vent low back pain in subjects with particular spinal alignment remains unclear and should be investi-
gated in future studies. Moreover, these normal figures could also be of forensic importance because of
the racial, ethnic and regional variations which have been observed in comparison with previous
studies.
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INTRODUCTION

Skeletal measurements have a great im-
portance for the forensic medicine and fo-
rensic departments working with un-
known variables. The aim of these
measurements is to describe the remains
in such terms so that one can achieve the
goal of estimating age at the time of death,
sex, ethnicity, stature, body weight/body
built, details of individualizing character-
istics i.e. amputations, fractures, ankylos-
es, deformities and bone pathologies and
to some extent the cause of death if reflect-
ed in the remains/bones. The objective of
skeletal measurements is to enable the law
enforcement agencies to achieve the ulti-
mate goal of personal identification (Kosa,
2000).

Lumbar lordosis angle is defined as the
curvature assumed by the intact lumbar
spine to compensate for the inclination of
the sacrum, restore an upward spinal or-
ientation, and consequently avoid forward
inclination (Skaf et al., 2011).

The curvature of the lumbar spine
(lumbar lordosis) and the role it plays in
transmission of body weight had been
studied extensively (Hellems and Keats,
1971; Pelker and Gage, 1982; Fernand and
Fox, 1985). Evidences suggested that the
interplay between the curvature and the
ligaments that maintain it imparts a resil-
ience that is important in protecting the
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vertebral column against compression
forces and strains that may be encoun-
tered in various positions or during move-
ments (Pelker and Gage, 1982). The shape
of the lumbar curve varies in different in-
dividuals (Hellems and Keats, 1971); nev-
ertheless, it has been noted that some cas-
es of low back pain are attributable to
abnormal posture or marked alteration of
the curve (Pelker and Gage, 1982).

Anterior access to the L1-L5 vertebrae
and disc spaces can be technically chal-
lenging, frequently requiring special ap-
proach by the neurosurgeon for an ade-
quate exposure. The technique is used for
lesion excision, corpectomy, vertebral
body reconstruction with cages, realign-
ment, and/or plating or screwing. For a
successful anterior approach and a suita-
ble instrumental design via screw, ade-
quate morphometric knowledge about
body of lumbar vertebrae and disc spaces
and standardized volumetric data are also
required for neurosurgeons. Thus, mor-
phometric and volumetric evaluation of
lumbar bodies and discs are needed to
contribute to a safe anterior approach dur-
ing surgery(Gocmen et al., 2010).

The last decades have seen an increas-
ing use of transpedicular screw instru-
mentation techniques as a means of spinal
fixation (Stefee et al., 1986; Lorenz et al.,
1993). The screw enables various devices
(plates, rods or wires) to be applied to the
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spine for the purpose of immobilization or
fixation. The success of the technique de-
pends upon the ability of the screw to ob-
tain and maintain purchase within the ver-
tebral body (Zindrick et al., 1986). This is
determined among other factors, by the
accuracy of choice of screw, size of the
pedicle and the quality of the bone of the
pedicle. The choice of the screw for the
procedure is nevertheless, determined by
the minimum ( horizontal) diameter of the
pedicle ( Krag et al., 1986; Zindrick et al.,
1987; Weinstein et al., 1992). Morphomet-
ric data on diameters of the pedicles are,
therefore, useful in preoperative planning
and in designing of pedicle screws.

The pioneering work of Elsberg and
Dyke (1934) , Landmesser and Heublein
(1953), Verbiest (1954, 1955), Simril and
Thurston (1955), Schwarz (1956) and
Hinck et al.(1966) have established the
clinical value of measurements of inter-
pedicular distance in diagnosis of narrow-
ing of the spinal canal. Since then, the size
of the spinal canal has attracted increasing
interest. Various techniques including
plain radiographs, myelography, epidural
venography, computed tomography, and
diagnostic ultrasound have been used to
measure the size of lumbar spinal canal
(Amonoo-Kuofi, 1982). Although each
technique has its own limitation, Chynn et
al. (1978) observed that plain radiographs
are of great value in the diagnosis of lum-
bar spinal canal stenosis.
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Many morphological studies on lumbar
spines have been reported about age, sex
and race (Hinck et al., 1966; Amonoo-Kufi,
1985 and Lee et al., 1995). To our knowl-
edge, there has been no report in the Eng-
lish literature about morphometry of the
lumbar spines in Lebanese people.The
present study was undertaken to examine
morphometric characteristics of lumbar
vertebrae, lumbar intervertebral discs and
the important related angles in normal
Lebanese adult females to form a base line
figures in healthy individuals which may
be of forensic importance regarding racial,
ethnic and regional variations.

SUBJECTS AND METHODS

Subjects of this study included thirty
Lebanese adult females aged between 18-
22 years. They were selected among stu-
dents of the faculty of health sciences, Bei-
rut Arab University.

The inclusion criteria included:
Age : 18-22 years.

No prior spine surgery.

No history of low back pain.

Ll Y.

No history of pregnancy.

The exclusion criteria included:

1. Diagnosed lumbar spinal pathology.

2. Spinal deformities from physical exami-
nation or x-ray.

3. Diagnosed diabetes, hypertension, rick-
ets or osteoporosis.

Vol. XXI, No. 2, July 2013



Soliman et al ...

Two plain radiographic views for the
lumbosacral spine were taken for each
subject:

a) Anteroposterior view.

b) Lateral view: in the lateral recum-
bent position with the hips and knees
flexed 45°. This position was thought to be
preferable in studies of the lumbar lordo-
sis angles because the angle to which the
knees and hips were flexed gave a bal-
anced relaxation of the thigh and knee,
thus producing a more or less normal
lumbar curve (Amonoo-Kuofi, 1991).

All radiographs had been taken where
the X —-ray beam was centred on L3 with
an anode film distance of 100 cm. The
magnification resulting from the use of
this technique was negligible (Amonoo-
Kuofi, 1995). Measurements were made
direct from the X-ray films using Vernier
callipers and were recorded to the nearest
tenth of a millimetre

The following measurements were
taken:

A. Lumbar vertebrae :

The following measures were taken as
shown in figures (1 & 2) according to Am-
(1991)

onoo-kuofi & Amonoo-Kuofi

(1982):

1. The anterior height of the body of each
lumbar vertebra on the lateral view (fig-
ure 1).

2. The posterior height of the body of each
lumbar vertebra on the lateral view (fig-
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ure 1).

3. The horizontal diameter of the pedicle
of each lumbar vertebra on an antero-
posterior view (figure 2).

4. The vertical diameter of the pedicle of
each lumbar vertebra on an antero-
posterior view (figure 2).

5. The interpedicular distance measured as
the shortest distance between the medi-
al borders of pedicles for each lumbar
vertebra on an anteroposterior view
(figure 2).

6. The width (transverse diameter) of the
body of each lumbar vertebra. This was
measured at the level of the narrowest
part of the waist of the vertebra on an
antero-posterior view (figure 2).

7. The ratio of the inter-pedicular distance
to the transverse diameter of the corre-

sponding lumbar vertebra was calculat-
ed.

B. Intervertebral discs:

The following measures were taken as
shown in figure (1) according to Amonoo-
kuofi (1991).

1. The anterior height of the lumbar inter-
vertebral discs lying between the verte-
brae from the first lumbar to the first sa-
cral vertebrae on the lateral view
(figure 1).

2. The posterior height of the lumbar inter-
vertebral discs lying between the verte-
brae from the first lumbar to first sa-
cral vertebrae on the lateral view
(figure 1).
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3. The antero-posterior diameter of the
disc (disc depth) on the lateral view
(figure 1). Disc depth =AB+CD/2 (Am-
onoo-kuofi, 1991).

C. Angles:

The following angles were measured as
shown in figure (3) according to Amonoo-
kuofi (1992):

1. The angle of lumbar lordosis: the an-
gle between the plane of the upper sur-

33

face of the first lumbar vertebra and
the upper surface of the sacrum.

. The lumbosacral angle: the angle be-

tween the plane of the inferior surface
of the fifth lumbar vertebra and the
plane of the upper surface of the sa-
crum.

. The angle of the sacral inclination:

measured between the plane of the
upper surface of the sacrum and the
horizontal plane.

bissen

Fig. (1) : Diagram showing positioning of markers for measuring the intervertebral discs and
bodies of lumbar vertebrae: Vertebra: CB: anterior height; DA: posterior height;
Disc:BC: anterior height; AD: posterior height. Disc depth = AB+CD/2. After Amo-

noo-kuofi (1991).
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a_
Fig.(2) : Plain x-ray for the lumbar spines antero-posterior view showing; a-horizontal (C) and
vertical (D) diameters of the pedicle, b-interpedicular distance (A) as well as the trans-
verse diameter of the body (B) of the vertebra after Amonoo-Kuofi (1982).

Fig.(3) : Lateral view of the lumbar spine showing A: Angle of lumbar lordosis; B: Lumbosa-
cral angle; C: Angle of sacral inclination after Amonoo-kuofi (1992).
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Statistical analysis

Statistical analysis was done by using
SPSS version 16 (Statistical Package for so-
cial Sciences). Mean and standard devia-
tion of the above mentioned parameters
were calculated and recorded. Significance
was considered when P value is less
than 0.05.

RESULTS

The present study was performed on 30
adult Lebanese females. Their ages ranged
from 18-22 years with a mean of 19.67+
1.19 years. Their weight ranged from 50-73
kg with a mean of 61.01+6.2 kg. Their
height ranged from 158-180 cm with a
mean of 163.1+4.9 cm. Their body mass in-
dex ranged from 18.7-27.6 with a mean of
22.2142.5 (table 1).

Table (1) : Age, weight, height and body mass index

of the studied subjects.
Min. | Max. | Mean = SD
Age (years) | 18 22 | 19.67+1.19
Weight (kg) | 50 | 73 | 61.01+6.2
Height (cm) | 158 | 180 | 163.1+4.9
BMI 18.7 | 27.6 | 22.21+25

The results of the present study re-
vealed that the mean anterior heights of
the bodies of the lumbar vertebrae in-
creased from L1 to L5 (table 2), while the
mean posterior heights decreased from L2
to L5, with the exception of L1 which is
lower than L2 (table 3).
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Table (2) : The anterior heights of the bodies of lum-
bar vertebrae (in mm).

Vertebra Anterior height
Min. | Max. | Mean + SD
L1 29 36.3 | 31.8+1.8
L2 29 36 32.7+x2.1
L3 295 (38.6 | 34.1%+2.2
L4 29.9 | 39 342 +2.2
L5 29.8 | 37.2 | 345%+1.8

Table (3) : The posterior heights of the bodies of
lumbar vertebrae (in mm).

Vertebra Posterior height
Min. | Max. | Mean = SD
L1 29 36 32.3+1.9
L2 29 37.6 | 33.2+2.1
L3 29 39.1 | 329+2.2
L4 27.7 | 35 32.2+1.8
L5 25 35.7 | 30.7+3.0

Regarding the intervertebral discs, the
present study revealed that the mean ante-
rior heights of the intervertebral discs
showed gradual increase (table 4), while
the mean posterior height showed no spe-
cific pattern of change. However, the nar-
rowest posterior height was L5/S1 disc,
while the widest posterior height was L4/
5 disc (table 5).
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Table (4) : The anterior heights of lumbar interverte-
bral discs (in mm)

Intervertebral Anterior height
disc Min. | Max. | Mean + SD
L1/2 56 |[139 (10.0+2.2
L2/3 56 |17.4 (12425
L3/4 10.6 [ 19.2 | 146+2.2
L4/5 11.7 (211 | 16.5+2.1
L5/s1 11.8 | 21.6 | 16.8+2.6

Table (5) : The posterior heights of lumbar interver-
tebral discs (in mm).

Intervertebral Posterior height
disc Min. | Max. | Mean + SD
L1/2 43 |94 6.2+14
L2/3 35 | 87 6.0+1.2
L3/4 49 |7 6.0+£0.5
L4/5 49 |10 6.6+1.2
L5/51 29 |75 53+14

Regarding the anteroposterior diameter
of the disc (disc depth), the present results
revealed nearly the same disc depth, i.e.,
constant disc depth starting from L1/2disc
to L5/S1 disc (table 6).
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Table (6) : The antero-posterior diameter of lumbar
intervertebral discs (disc depth) .

Intervertebral | Anteroposterior diameter
disc ( Disc Depth)
Min. | Max. | Mean = SD
L1/2 43.4 | 405 [ 37.1+1.8
L2/3 35.3 |41.6 | 38.2+1.8
L3/4 344 | 41.8 | 383+2.2
L4/5 36.3 | 414 |386+%1.6
L5/S1 34.6 | 41.2 |37.2+1.7

Regarding the pedicles of the lumbar
vertebrae, the results of the present study
revealed that the mean horizontal diame-
ter of the pedicle showed gradual increase
from above downwards (table 7), while
the mean vertical diameter of pedicle of
the lumbar vertebrae from L1 to L5 was
more or less constant (table 8). At all levels
the vertical diameter was greater than the
horizontal diameter. Also, it has been not-
ed that the vertical diameter becomes
more oblique with each successive inferior
level, producing more inclination of the
horizontal diameter as well (figures 4&5).
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Table (7) : The horizontal diameters of the pedicles
of the lumbar vertebrae (in mm).

Vertebra Horizontal diameter
Min. | Max. Mean = SD
L1 5.2 11 6.4+ 1.3
L2 5.2 10 7.0+x1.1
L3 5.8 12.2 85+x14
L4 7.6 15 10.5+1.9
L5 10 17.5 13.1+ 2.2
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Table (8) : The vertical diameters of the pedicles of
lumbar vertebrae (in mm).

Vertebra Vertical diameter
Min. [ Max. | Mean £ SD
L1 11 | 18 15+1.4
L2 119 18 | 15314
L3 1151206 | 15.7+2.1
L4 12 | 185 | 15.1+1.6
L5 1141203 | 15.8+2.6

Figure (4)

Figure (5)

Figures (4&5): Showing that the vertical diameter of the pedicle be-
comes more oblique with each successive inferior level.

The present study revealed that the
mean interpedicular distance increased
gradually from L1 to L5 (table 9). At the
same time, the mean transverse diameter
of bodies of the lumbar vertebrae showed
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also a gradual increase from L1 to L5 (ta-
ble 10) keeping the ratio of the interpedi-
cular distance to the transverse diameter
of the body more or less constant about 0.6
(table 11).
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Table (9) : The interpedicular distance for each lum-
bar vertebra (in mm).

Vertebra Interpedicular distance
Min. | Max. | Mean * SD
L1 19 27.5 23.5+2.3
L2 21 29 25.1+1.9
L3 23.1 30 26.1+1.9
L4 23 30.9 27.4+19
L5 28 37.1 32.4+2.5

Table (10) : The transverse diameter of the body of
each lumbar vertebra (in mm).

Vertebra Transverse diameter
Min. | Max. | Mean = SD
L1 33.6 45 38.9+3
L2 35.3 | 47.2 41.0+ 3.1
L3 38.1 | 49.9 44.0 £ 3.3
L4 41.8 54.9 48 .0+ 2.9
LS 50 66.9 57.1+x4.2

Table (11) : The ratio of the interpedicular distance
to the transverse diameter for each lum-
bar vertebra

Vertebra | Interpedicular | Transverse | Ratio
distance diameter

L1 23.5 38.9 0.60

L2 25.1 41.0 0.61

L3 26.1 44.0 0.59

L4 27.4 48.0 0.57

L5 32.4 57.1 0.57

The present study revealed that in adult
Lebanese females the lumbar lordosis an-
gle ranged from 55° to 99° with a mean of
71.8°+ 12.8°, the lumbosacral angle ranged
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from 7° to 33° with a mean of 15.9°+ 5.7°;
while the sacral inclination angle ranged
from 24° to 65° with a mean 45.4° + 10.7°
(table 12 and figures 6 & 7).

Table (12) : The angles of lumbar lordosis, lumbosa-
cral angle and the angle of sacral inclina-
tion in degrees

Angle Min. | Max. | Mean = SD
Lumbar lordosis | 55° | 99° | 71.8°+12.8°
Lumbosacral 7° 33° | 15.9°#5.7°
Sacral inclination | 24° | 65° | 45.4°t10.7°

Figure 6 Figure 7

Figures (6 & 7) : showing the lumbosacral spine in
adult Lebanese females (in mm) .

DISCUSSION

Determination of race through morpho-
logical measurements of bones is not so
simple. Inspite of several multivariate sta-
tistical studies of specific measurements of
the skull and a few long bones, this is still
one of the most problematic areas in skele-
(Giles and Elliot,
1962).The present study is just a trial to

tal identification
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solve this problem through comparing the
results on Lebanese adult healthy females
with those of other published literatures to
reach a clue.

The results of the present study re-
vealed that the anterior heights of the bod-
ies of the lumbar vertebrae increased from
L1 to L5, while the posterior heights de-
creased from L2 to L5, with the exception
of L1 which is lower than L2. At the same
time, the anterior heights of the interverte-
bral discs showed gradual increase, while
the posterior height showed no specific
pattern of change. However, the narrow-
est posterior height was L5/51 disc, while
the widest posterior height was L4/5 disc.

In comparison, Gocmen et al. (2010) on
Anatolians recorded smaller values re-
garding the anterior height of the bodies
of lumbar vertebrae as well as the anterior
heights of lumbar intervertebral discs than
those obtained in the present study. How-
ever, their results showed a gradual ce-
phalocaudal increase which is of the same
pattern to the changes obtained in the
present study. Ablyazov (2012) on Uzbe-
kistani recorded results which are nearly
equal to those obtained in the present
study regarding the anterior and posterior
heights of vertebral bodies; however, he
recorded smaller values for the anterior
and posterior heights of the intervertebral
discs. These parameters can be helpful to
evaluate lumbar vertebral anatomy in
terms of morphometric measurements in
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healthy subjects as well as giving guid-
ance to the surgeons during anterior ap-
proach. Moreover, knowing the normal
distance of the lumbar intervertebral space
can be helpful in predicting the appropri-
ate size of the devices inserted in the inter-
vertebral space so as to decrease the inci-
dence of postoperative complications
(Hong et al., 2010) where restoration of the
appropriate intervertebral disc space is
highly recommended.

Are the intervertebral disc heights relat-
ed to the interspinous heights? Previous
investigators reported that lumbar inter-
spinous implants, although not a new con-
cept (Whitesides, 2003), is such an alterna-
tive for use in degenerative conditions
such as spinal canal and foraminal steno-
sis (Zucherman et al., 2005, Kondrashov et
al., 2006, Siddiqui et al., 2007,).Although,
Albietz et al. (2012) reported no correla-
tion between the interspinous height with
anterior disc or posterior disc heights,
they stated that knowledge of anterior and
posterior disc heights could assist in pre-
operative planning for implanting an in-
terspinous device as these dimensions can
be more easily retrieved from a standard
lateral projection radiograph than can be
the dimensions of the interspinous space.

Regarding the anteroposterior diameter
of the disc (disc depth), the present study
results revealed nearly the same disc
depth, i.e., constant disc depth starting
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from L1/2disc to L5/S1 disc. The same re-
sults with the same figures were reported
by Amonoo-Kuofi (1991) in Saudi Arabia.

More accurate knowledge of pedicle
morphology and accurate measurements
of the pedicle dimension in patient under-
going pedicle screw instrumentation is
crucial (Sugisaki et al., 2009). Comparative
studies reported by Zindrick et al. (1986 &
1987), Weinstein et al. (1992) and Errico &
Palmer (1993) established that measure-
ments obtained directly from plain films
correlated well with values measured
from computerized tomograms and from
anatomical specimens.

The results of the present study re-
vealed that the horizontal diameter of the
pedicle of the lumbar vertebrae showed
gradual increase from L1 to L5, while the
vertical diameter was more or less con-
stant. Also, at all levels the vertical diame-
ter was greater than the horizontal diame-
ter. At the same time, it has been noted
that the vertical diameter becomes more
oblique with each successive inferior level,
producing more inclination of the horizon-
tal diameter as well.

In comparison with previous studies,
Olsewki et al. (1990) on cadaveric Ameri-
can specimen,Amonoo-Kuofi (1995) in
Saudi Arabia and Sugisaki et al. (2009) on
American people reported gradual cephal-
ocaudal (from L1 to L5) increase in the
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horizontal as well as in the vertical diame-
ter. On the other hand, Zindrick et al
(1987) on Indian poeple, Kadioglu et al
(2003) on Anatolian people and Lien et al
(2007) on Taiwanese people reported a
gradual cephalocaudal increase in the hor-
izontal diameter, while the vertical diame-
ter showed a gradual decrease. Thus,
there is a general agreement regarding the
cephalocaudal pattern of change in the
horizontal diameter of the pedicle, while
conflicting results (increase, decrease or
constant) were recorded regarding the
pattern of change in the vertical diameter.
These latter variations may be attributed
to racial, ethnic or regional variations.

Consistent with the present findings,
Robertson et al. (2000), Seranan et al.
(2002) and Sugisaki et al. (2009)reported
that the pedicle cross-sectional morpholo-
gy can be assumed to be elliptical and it
becomes more oblique to the vertical
plane with each successive inferior level.
Also, Sugisaki et al. (2009) reported that
the vertical diameters were greater than
the horizontal diameters at all levels,
which is again in agreement with the re-
sults of the present study.

Amonoo-Kuofi (1982) reported that
pedicles produce visible landmarks on
plain anteropostrerior radiographs and
therefore, the interpedicular distances can
be measured accurately. The lumbar part
of the neural canal houses the caudaequi-
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na, and narrowing of the bony ring of the
canal, which may be developmental or ac-
quired, may lead to compression of the
nerve root and cause low back pain (Verb-
iest, 1954 & 1955). Measurement of the
width of the lumbar spinal canal is, there-
fore, a useful aid in the diagnosis of lum-
bar spinal stenosis syndrome.

The present study revealed that the in-
terpedicular distance increased gradually
from L1 to L5. At the same time, the trans-
verse diameter of bodies of the lumbar
vertebrae showed also a gradual increase
from L1 to L5 keeping the ratio of the in-
terpedicular distance to the transverse di-
ameter of the body more or less constant
about 0.6.

These results are consistent with those
of Hinck et al. (1966) on White Americans
as well as Amonoo-Kuofi (1982), on Niger-
ians; both reported a steady increase in in-
terpedicular distance from L1 to L5 in all
age groups. In the same study, Amonoo-
Kuofi reported that the width of the canal
increases proportionately with the size of
the vertebrae, always maintaining a canal
to body ratio of 0.6, which is the same as
the results of the present study. Recently,
Gocmen et al. (2010) reported larger trans-
verse diameter of the bodies of lumbar
vertebrae from L1 to L4 except L5. Ablya-
zov (2012) in Uzebkistani reported results
regarding the interpedicular distance
which are nearly the same as those ob-
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tained in the present study.

Abnormal sagittal spinal alignment
may cause persistent low back pain. It is
estimated that at one time, 80% of the pop-
ulation will be afflicted with low back
pain (Kelsey & White, 1980). Disc hernia-
tion, and degeneration which were found
to increase with age (Amonoo-Kuofi, 1992
and Dammers & Koehler, 2002) were re-
ported to be significant factors in the gene-
sis of it; hence the importance to examine
young individuals. This was supported by
Paajanen et al. (1989), who found that the
frequency of disc degeneration in individ-
uals 20 years of age with low back pain to
be 57%. Salminen et al. (1999) reported the
presence of degenerative disc in at least
one level in individuals 15 and 18 years of
age to be 31% and 42% respectively.
Cheung et al. (2009) detected, in Southern
Chinese Society, the frequency of degener-
ative disc in individuals aged 18-29 years
to be 42%. Several studies have shown the
importance of sagittal spino-pelvic align-
ment in maintaining a balanced posture in
normal population. However, the influ-
ence of sagittal spino-pelvic alignment on
low back pain is still poorly understood.
Previous investigators reported conflicting
results suggesting either decreased (Raj-
nics et al., 2002 and Barrey et al., 2007), in-
creased (Ergun et al, 2010) or normal
(George et al., 2003) lumbar lordosis in pa-
tients with low back pain. Thus, it can be
postulated that whether specific patterns
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of sagittal spino-pelvic alignment are
more prevalent in patients with low back
pain is still unclear.

The present study revealed that in adult
Lebanese females the lumbar lordosis an-
gle ranged from 55° to 99° with a mean of
71.8°+ 12.8°, the lumbosacral angle ranged
from 7° to 33° with a mean of 15.9°+ 5.7°;
while the sacral inclination angle ranged
from 24° to 65° with a mean 454° *
10.7°.These angles are different from those
of Egyptians, (Soliman and El-Nemr, 1996)
where the lumbar lordosis angle ranged
from 31° to 55° with a mean 43.6°+ 8,02°;
the lumbosacral angle ranged from 7° to
15° with a mean of 10.25°+ 2.31°; whereas
the sacral inclination angle ranged from
19° to 47° with a mean 33.1°+ 8.69°. The
three angles were higher in Lebanese than
Egyptians. Kenji Endo et al. (2010) report-
ed that the lumbar lordosis angle in Japa-
nese was 49°+10° in normal control group
while lumbar lordosis angle was 36.7°+
14.5° in cases of lumbar disc herniation;
six month after surgery, the mal-
alignment recovered to almost the same
level (44.8°+ 10.8°) of the control group.
Rajnics et al. (2002) and Barrey et al. (2007)
detected decrease in lumbar lordosis and
sacral slope in patients with disc degener-
ation and disc herniation when compared
to normal individuals. This was supported
by Kenji Endo et al. (2010) who reported
that the degree of intervertebral disc de-
generation increased parallel to the de-
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creased in sacral kyphosis and lumbar lor-
dosis angles and to increase in sacral table
angle. On the other hand, Ergun et al.
(2010) reported that lumbosacral structure
with a more vertical orientation causes a
tendency to develop disc degeneration
and disc herniation, which was observed
frequently in MRI findings of young adult
woman.

In the light of those previous studies as
well as the present one, it seems reason-
able to hypothesize that individuals with
abnormal sagittal spino-pelvic alignment
have a greater risk of developing disc her-
niation than those with normal lumbosa-
cral slope. As Ergun et al. (2010) reported
that individuals with a straighter vertebral
column have a greater risk of low back
pain complaints and more severe symp-
toms throughout their lives than those
with normal sacral slope, it is of some in-
terest to speculate that since adult Leba-
nese females present more vertical orienta-
tion of the lumbosacral structures, hence
they have a tendency to develop disc de-
generation or herniation.

It is concluded that measurements ob-
tained in this study form a base line fig-
ures in normal Lebanese adult females in
terms of morphometric measurements in
healthy cases. These normal figures could
be of forensic importance because of the
observed racial, ethnic and regional varia-
tions and could give guidance to clinicians
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as being applicable for evaluation and
management of subjects complaining of
low back pain. Not only do these age relat-
ed normative values help in identifying
the underlying cause, but they also direct
physicians towards the proper line of
treatment. Whether specific preventive
modalities or rehabilitation protocols
could be instituted to prevent low back
pain in subjects with particular spinal
alignment remains unclear and should be
investigated in future studies.
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