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Abstract

Background: The L5/S1 intervertebral foramen which houses the largest nerve trunk in the lumbosacral region is the
smallest in the vertebral column, and studies on spinal health has revealed that certain clinical conditions of the lower
back and the predisposition to them such as spondylosis, spondylolysis and lower back pain may be associated with
anatomical variations in the size of the bony components in this region. The study seeks to evaluate normal measurement
values of the LSA, LSA and LLD of the spine of healthy female Nigerians, and find out if there exists significant
associations between these normal values and with respect to age. A secondary purpose is to provide an indirect method
for estimating the epidural space by measuring the depth of lumbar lordosis (LLD). Materials and Methods: Lateral x-
ray films of the lumbar and lumbosacral spine of 45 informed volunteers who met the inclusion criteria were studied with
respect to the LLD, LLA and LLA using standard radiologic procedures. Results and Discussion: Lumbosacral
parameters were 32.04+6.08°, 49.84+8.26° and 3.36+0.45cm for LSA, LLA and LLD respectively. Average values of
spine parameters varied significantly with age; except for LSA, significant differences were found between age groups.
Mean LLA was significant between age group 18-22 and 23-27 years, while mean LLD was significant between age
group 18-22 and 23-27, as well as 18-22 and 33-37 years. Statistically significant correlation (at P < 0.05) was found
between LLA and age and also between LLD and age. On the average, the size and shape of lumbosacral curve
dimensions as determined by lateral x-ray in healthy female Nigerians, fall within the range considered normal and are
significantly influenced by age. Conclusion: The findings of this research will be helpful to physicians in the
management of low back and also in drawing treatment plans for other back related conditions.
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includes normal angulation between the fifth lumbar

INTRODUCTION

The human lumbosacral region lies at the
lower portion of the vertebral column between the trunk
above and the pelvis below [1]. It influences the
maintenance of spino-pelvic balance and normal erect
posture of the bipedal human [2-7].

A number of factors make the lumbosacral
portion of the spine ontogenically active in terms of
mobility and weight bearing [8, 9, 2, 10-12]. These

and the first sacral vertebrae (L5/S1).

According to (Cailliet [9]; Yochum and Rowe
[10]; Peleg et al. [13]; Nakipoglu and Nese [14]; Vialle
and Cyril [15]) measurement values of lumbosacral
angle utilizing lateral X-rays fall within the range of 35-
50°. Also, Carlos and Jose [16] reported that LSA
increased with advancing age. Other authors have
reported variations in the association between age and
Lumbosacral angle; Peleg et al. [13], reported that LSA
first increases with age and around age 21-40 years
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decreases. Many others (Norman [17]; Farfan et al.
[18], Milne and Lauder [19], Lang-Tapia et al. [20],
Korovesis et al. [21] and Yi-Liang et al. [22]) failed to
establish any statistically significant relationship
between age and lumbosacral angle particularly for
persons aged 20-49 years.

In the study by Jean et al. [23]; Nakipoglu and
Nese [14] mean lumbosacral angle of 41.90 and 38.20
for males and females respectively were observed,
showing sexual dimorphism (significantly wider in
females). On the other hand, Silva [24] reported mean
lumbosacral angle of 40.020 for females aged 13-17
years, while Melanee [25], measured the lumbar
lordotic angle of sixty healthy young to middle aged
Indian females and reported lumbar lordosis of 490.
Similar observations have been reported by many
research groups including Chen and Lee [26]; Vialle
and Cyril [15]; Norton et al. [27] and Jean et al. [23],
but in contradistinction Korovesis et al. [21], did not
find any significant correlation between angle of
lordosis and sex.

Also, statistically significant difference in
lumbar lordosis was found between Africans,
Americans and European Americans [7, 28].

Most of the occupational activities of women
(females) require bending and stooping, and Wiwat et
al. [29] have produced substantial evidence linking such
activities with speedy degeneration of the lower spine
IVDs often with terminal consequences. Studies by
Jimoh et al. [30]; Megan and Tulikang [31], have
shown that women with Utero-vaginal prolapse had
narrow Lumbar lordotic angulation compared with
control sample population who did not have the
condition. In addition, Hen riques et al. [32], in a
comparative study investigated the lumbosacral region
of Post-menopausal women with and without
osteoporosis and musculoskeletal status; women with
osteoporosis had LLA -1170 and in those without the
condition LLA was 53.1%

More recently, Femal et al. [33] in lateral X-
rays using 100 female volunteers aged 8-49 years,
reported mean LSA in the range (34-50)0, and a
significant positive correlation between LSA and LLA.

It can be concluded from these previous
studies that the size, shape and angulation the
lumbosacral configuration vary with age, gender, body
proportion, occupation as well as among individuals of
the same age [1, 9, 2, 10, 11, 34, 35, 36]. For the normal
Female Nigerian, the nature of these relationships, as
well as the underlying mechanisms have not been
sufficiently explored.

MATERIALS AND METHODS

About one hundred and twenty (120) females
presented themselves to the centers (Ashford and
Patrice Clinic LTD, D-line, Port Harcourt and the
radiology department of the University of Port Harcourt
Teaching Hospital) and were given health education
and detailed information on the aim as well as the
objectives of this study. Demographic data were
obtained and additional relevant information sourced
from present and past medical history.

A total number of 45 Nigerian female
volunteers, aged between 18 and 55years who had
voluntarily signed consent form and subsequently
passed the physical screening exercise conducted,
participated in the study.

Subjects were thereafter clothed in light under
wear, with the gonads shielded with lead apron. They
were placed on the table top in the left lateral position
with the hips and knees in slight flexion. A padded
wooden slab was placed in the depression just cranial to
the iliac crest, and a small pillow placed between the
knees to ensure proper alignment. Lateral X-ray of the
lumbosacral spine was taken at an anode film distance
of 90 cm, with breath held in expiration [37].

Ferguson’s method of measurement for the
angles of the lumbosacral region as described by
Yochum and Rowe [10]; Bogduk [11]; Ferguson [38]
and Silva [24] was used to obtain the Lumbosacral
Angle (LSA), Lumbar Lordosis Angle (LLA) and
Lumbar Lordotic Depth (LLD).

Stationary arm

Fig-1: Measurement of the lumbosacral angle
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Fig-2: Measurement of the lumbar lordosis lordosis depth
—LLD (B-E)

Fig-3: Measurement of the lumbar lordotic angle — LLA

@)

RESULTS
Results are as presented in tables 1—11, with
categorical data being in frequency distribution tables,

while the measures of central tendency [mean and range
(minimum and maximum)] were used to establish
cutoff values of spine parameters; [Lumbosacral angle
(LSA), Lumbar lordotic angle (LLA) and Lumbar
lordotic depth (LLD)]. The age of subjects was
stratified into 6 groups; group 1 (18-22years), group 2
(23-27years), group 3 (28-32years), group 4 (33-
37years), group 5 (38-42years) and group 6 (> 42years).
Significant differences between spine parameters
among various age groups was established using t-test,
while Spearman’s rho correlation was used to correlate
age and spinal parameters as well as individual spinal
parameters against others. Significance level was set at
p <0.05.

Distribution of the subjects by occupation is
presented in Figure 1, while distribution of subjects by
age is presented in Figure 2.

Distribution of the subjects according to age is
presented in Table 1. As distributed, more subjects were
18 -22 years old, while the least is above 42 years old.

Socio-demographic characteristics of the study
sample is presented in Table 2. Mean age is 24.44+5.94
years, weight 67.84+13.67 kg, height 1.6+0.09 m and
BMI 26.45 + 5.3kg/m?. Subjects in the study were
neither obese nor underweight; these parameters were
within the accepted range of normal for body size.

Descriptive statistics of spine parameters is
presented in Table 3. Mean LSA is 32.044+6.08°, LLA
49.84+8.26° and LLD 3.36+0.45cm. On the average
LSA and LLD was higher, compared to LLA.

Socio-demographic characteristics of study
sample by age groups was categorized according to age
group in Table 4. Age 33 -37 has the highest mean
value for weight, while subjects above 42 years has the
least. Subjects above 42 years has the highest mean
value for height, while 33 — 37 years has the least value.
For BMI, 28 — 32 years old has the highest value, those
between 18 — 22 years old has the least value.

In Table 4, Lumbo-Sacral angle of subjects by
age groups is presented. A non-linear relationship in
LSA was observed with advancing age, with no
difference in LSA after age 33, while an increase
decrease pattern was observed in LLA across all age
groups (Table 6).

Mean LLD of subjects by age groups is
presented in Table 7. An increase decrease pattern was
observed in LLD across all age groups. Subjects
between 18 — 22 years has the highest mean value
(3.61+0.45°), while 33 — 37 years old has the least
(2.7540.35°).
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In Table 8, 9 and 10, LSA, LLA and LLD
were compared between age groups using T- test. For
LSA, significant differences were not observed at P <
0.05. While for LLA significant differences were not
observed between age groups, except between 18 — 22
and 23 — 27 years (T = -2.78; P = 0.01). And for LLD,
significant differences were also not observed except
for age 18 — 22 and 23 — 27 (T = 3.56; P = 0.00) as well
as 18 — 22 and 33 - 37 (T =2.6; P =0.02).

In Table 11, age showed a significant positive
correlation with LLA (r = 0.493, p < 0.01), but
negatively correlated with LLD (r = -0.575, p < 0.01).
LSA showed a significant negative correlation with
LLA (r = -0.393, p < 0.01) but positively correlated

with LLD (r = 0.380, p = 0.01). While LSD showed a
significant negative correlation with LLA (r = -0.856, p
<0.01).

Table-1: Distribution of subjects by age

AGE GROUPS N
18-22 21
23-27 15
28-32 6
33-37 2
38-42 0
> 42 1
Total 45

Table-2: Socio-demographic characteristics of the study sample (N = 45)
PARAMETERS | Min | Max | Mean | SD SE
AGE (years) 18 54 24.44 | 594 | 0.89
WEIGHT (kg) | 45 110 | 67.8 | 13.67 | 2.04
HEIGHT (m) 1.3 179 |16 0.09 |0.01
BMI (kg/m?) 16.71 | 37.87 [ 26.45 [ 53 | 0.79

Min & max =minimum & maximum value, S.D =standard deviation, S.E = Standard error of mean,
N = Sample size of group

Table-3: Descriptive statistics of spine parameters of the subjects

PARAMETERS | Min | Max | Mean | SD | SE
LSA () 23 |60 [32.04 |6.08]0.091
LLA () 33 |70 |49.84 [8.26]1.23
LLD (cm) 25 |43 [336 |045]0.07

Min & max =minimum & maximum value, S.D =standard deviation, S.E =Standard error of mean, LSA = Lumbosacral angle,
LLA = Lumbar lordotic angle, LLD = Lumbar lordotic depth

Table-4: Socio-demographic characteristics of study sample by age groups

Parameters | Age (years) | N | Mean | SD SE | Min | Max
WGT (kg) 18-22 21 | 65.38 | 15.33 | 3.34 | 45 110
23-27 15| 65.33 | 11.39 | 2.94 | 55 93
28-32 6 | 765 |802 |327]|64 87
33-37 2 | 82 1556 |11 |71 93
38-42 - |- - - - -
> 42 1|75 - - 75 75
Total 45| 67.8 | 13.65 | 2.04 | 45 110
HGT (m) 18-22 21162 |009 |0.02]|145 |1.79
23-27 15| 1.58 0.06 |0.02|144 |1.71
28-32 6 |158 |015 |0.06|13 1.73
33-37 2 |164 |008 |0.06|158 |17
38-42 - |- - - - -
> 42 1 |168 |- - 1.68 | 1.68
Total 451 1.6 0.09 |0.01]13 1.79
BMI (kg/m?) | 18-22 212478 | 4.99 | 1.09 | 16.71 | 34.33
23-27 15| 26.4 | 481 | 1.24 | 20.86 | 37.25
28-32 6 |3095 |48 1.96 | 23.72 | 37.87
33-37 2 13091 |8.97 |6.34| 2457 | 37.25
38-42 - |- - - - -
> 42 1 | 2657 |- - 26.57 | 26.57
Total 4512645 | 5.3 0.79 | 16.71 | 37.87

WGT = Weight, HGT= Height, BMI = Body mass index, Min & max = minimum & maximum value, SD = standard deviation,
SE = Standard error of mean, N = Sample size of group
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Table-5: Lumbo-Sacral angle of subjects by age groups

Age (years) | N | Mean | SD SE | Min | Max

18-22 21 | 3162 | 508 |111|24 |46

23-27 151306 |372 |096 |23 |37

28-32 6 |36.67 | 1221|498 |27 |60

33-37 2 |33 141 |1 32 | 34

38-42 - |- - - - -

> 42 1 ]33 - - 33 |33

Total 451 32.04 | 6.08 | 09123 |60

Min & max = minimum & maximum value, S.D =standard deviation, SE= Standard error of mean, N = Sample size of
group

Table-6: Mean LLA of subjects by age groups

Age (years) | N | Mean | SD SE | Min | Max

18-22 21 146.19 | 775 | 169 |33 |60

23-27 15 (5313 | 6.86 | 177 |40 |70

28-32 6 |52 1058 | 432 | 35 | 65

33-37 2 | 56 566 |4 52 | 60

38-42 - |- - - - -

> 42 1 |52 - - 52 52

Total 4514984 826 |123|33 |70

Min & max =minimum & maximum value, S.D =standard deviation, SE= Standard error of mean, N=Sample size of
group

Table-7: Mean LLD of subjects by age groups

Age (years) | N | Mean | SD | SE | Min | Max
18-22 211361 |045|01 |26 |43
23-27 151313 |03 |0.08|25 |37
28-32 6 [323 [037]015|29 |38
33-37 2 275 ]035]|025|25 |3
38-42 - - - - - -
> 42 1 |34 - - 34 |34
Total 451336 |045|0.07 |25 |43
Min & max = minimum & maximum value, S.D = standard deviation, SE = Standard error of mean, N = Sample size of
group
Table-8: T-test of significance in LSA between age groups
Age (years) Mean diff | S.E.M diff | df | t-value | p-value
18-22 | 23-27 | 1.02 1.55 34 | 0.66 0.51
28-32 | -5.05 3.29 25 | -1.53 0.14
33-37 | -1.38 3.68 21 | -0.38 0.71
38-42 | - - - - -
>42 | -1.38 5.2 20 | -0.27 0.79
23-27 | 28-32 | -6.07 3.4 19 | -1.79 0.09
33-37 | -2.4 2.72 15 | -0.88 0.39
38-42 | - - - - -
>42 | -2.4 3.84 14 | -0.62 0.54
28-32 | 33-37 | 3.67 9.11 6 |04 0.7
38-42 | - - - - -
>42 | 3.67 13.19 5 ]0.28 0.79
33-37 | 38-42 | - - - - -
>42 |0 1.73 110 1
38-42 | >42 | - - - |- -

Diff = difference, S.E.M = Standard error of mean, df = degree of freedom, * = represents significant difference
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Table-9: T-test of significance in LLA between age groups

Age (years) Mean diff | S.E.M diff | df | t-value | p-value
18-22 | 23-27 | -6.94 2.5 34 | -2.78 | *0.01

28-32 | -5.81 3.89 25| -15 0.15

33-37 | -9.81 5.67 21 | -1.73 0.1

38-42

>42 | -5.81 7.93 20 | -0.73 0.47
23-27 | 28-32 | 1.13 3.87 19| 0.29 0.77

33-37 | -2.87 5.11 15| -0.56 0.58

38-42

>42 | 1.13 7.09 14 | 0.16 0.88
28-32 | 33-37 | 4 8.11 6 |-0.49 0.64

38-42

>42 |0 11.43 5 1|0 1
33-37 | 38-42

>42 | 4 6.93 1 |0.58 0.67
38-42 | >42

Diff = difference, S.E.M = Standard error of mean, df = degree of freedom, * = significant at P < 0.05

Table-10: T-test of significance in LLD between age groups

Age (years) Mean diff | S.E.M diff | df | t-value | p-value
18-22 | 23-27 | 0.48 0.13 34 | 3.56 *0.00
28-32 | 0.38 0.2 25| 1.87 0.07
33-37 | 0.86 0.33 21| 2.6 *0.02
38-42 | - - - |- -
>42 |0.21 0.46 20 | 0.45 0.65
23-27 | 28-32 | -0.1 0.15 19 | -0.65 0.53
33-37 | 0.38 0.23 15 | 1.67 0.12
38-42 | - - - |- -
>42 | -0.27 0.31 14 | -0.86 0.41
28-32 | 33-37 | 0.48 0.3 6 | 1.62 0.16
38-42 | - - - |- -
>42 | -0.17 0.4 5 |-042 0.69
33-37 | 38-42 | - - - - -
>42 | -0.65 0.43 1 |0.58 0.37
38-42 | >42 | - - - - -

Diff = difference, S.E.M = Standard error of mean, df = degree of freedom, * = significant at P < 0.05

Table-11: Spearman's rho correlation analysis

Parameters AGE LSA LLA LLD
AGE Correlation Coefficient | 1.000
Sig. (2-tailed) .
LSA Correlation Coefficient | 0.043 1.000
Sig. (2-tailed) 0.781 .
LLA Correlation Coefficient | 0.493” | -0.393" | 1.000
Sig. (2-tailed) 0.001 0.008 .
LLD Correlation Coefficient | -0.575 | 0.380" | -0.856" | 1.000
Sig. (2-tailed) <0.001 | .010 <0.001 | .

** = correlation is significant at P < 0.01 (2-tailed), LSA = Lumbosacral angle, LLA = Lumbar lordotic angle, LLD =
Lumbar lordotic depth

DISCUSSION current study compared with values obtained in the
The study evaluated three known parameters literature. Much significant difference was not observed

of the lumbosacral spine in a sample of normal female in spine parameters across age groups, except for age
Nigerians, using standard radiographic anthropometry. 23—-27 in LLA and 23 —27 as well as 33—37 in LLD
(Table 4, 5 and 6). These findings will be considered to

Age related differences and similarities were agree with those of Silva [24]; Nakipoglu and Nese [14]

observed between spine parameters measured in the
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who are of the opinion that there is no difference in
Rachic index between Blacks and Whites.

With the exception of LLA, average values of
LSA and LLD in the current study were much lower
compared with previously reported values for Africans;
by Hoseinfar et al. [39] and Sungsoo et al. [40] and
Nigerians (Hoseinfar et al. [39] and Melanee [25]).
Differences in measurement techniques as well as
demographic distribution may be responsible for some
of the observed differences.

An increase decrease relationship was
observed between age and mean values of LSA.
Statistical analysis showed there was no significant
association between LSA and age despite the observed
higher mean values of LSA (Table 4 and 9). Previous
investigations did not arrive at the same conclusion
(Maduforo et al. [41]; Melanee [25] and Klineberg et
al. [42]). Because of the consistency observed in LSA
in female subjects, LSA may be an efficient diagnostic
screening tool either for pre-employment or in the
evaluation of low back pain.

A decrease increase relationship was observed
between age and LLA, which on the average was found
to increase with advancing age up to 42years. Age
related differences in LLA were observed between the
younger age groups; 18-22 and 23-27 (Table 4). This
was in agreement with previous reports (Maduforo et
al. [41]; Melanee [25] and Vialle and Cyril [15]) but
contradicts the conclusions by Ferguson [38]; Carlos
and Jose [16]; Norman [17]; Farfan et al. [18] and
Lang-Tapia et al. [20]). The dissimilarities may be due
to the inclusion of much older subjects as reported by
the Authors. In the study by Farfan et al. [18], the mean
lumbar lordosis was 48.5°, and there was a weak but
significant correlation with age. The observed
relationship between age and the size of the lumbar
curve in this study supports the argument that the
skeletal adaptation for obstetric reasons develops
around the immediate post pubertal period. The results
are relevant in the design and manufacture of such
equipment as anatomical plates, casts and lumbosacral
corsets. Findings will also be helpful in the planning
and design of programs of rehabilitation in many
situations involving the elderly as seen frequently in
cerebrovascular accidents (stroke syndromes) and in
conditions such as continuous ambulatory peritoneal
dialysis.

An increase decrease relationship was also
observed between LLD and age. While an increase in
LLA was observed for older subjects compared to the
younger, significant increase in LLD indicating
weakening of the spine was observed between age
groups 23—27 and 33—37 indicating the influence of
child bearing (Table 8). These changes were found to be
statistically significant, and in agreement with report by

Peleg et al [13]; Maduforo et al [41] and Milne and
Lauder [19].

Thus, in the period before, during and after any
surgical intervention of the spine, the age and
preoperative LLD of each patient should be properly
documented.

Also, the observed relationship can act as a
guide in the design of corsets, trunk brace and other
ergonomic tools for individuals with back problems
who require back support, as well as patients with
chronic  conditions requiring long periods of
confinement in bed.

A positive significant correlation was observed
between age and LLA in females (R = 0.49, R2 = 0.24,
P = 0.001). The opposite (negative significant
correlation) was found to exist between age and LLD (r
= -0.58, R2 = 0.34, P = 0.001). A positive but non-
statistically significant correlation was observed
between age and LSA (r = 0.043, P = 0.781).

A negative significant correlation was found to
exist between LSA and LLA (r =-0.39, R2 =0.15,P =
0.01) and a positive significant correlation between
LSAand LLD (r=0.38, R2=0.14, P =0.01).

A negative significant correlation was found
between LLA and LLD (r = -0.86, R2 = 0.75, P <
0.001) (Table 11).

A wider LSA was observed in females, which
implies that the foundation for obstetric lordosis is
established at the level of the sacral base, whereas
curvatures in the spine cranial to the LSA is
compensatory as a result of postural stabilization and
bone remodeling. This is in agreement with previous
findings (Lang-Tapia et al. [20] and Torsten and Emil
[37]), but not at par with the conclusion by Silva [24]
and Nakipoglu and Nese [14], who in an earlier study
had shown there was no significant correlation between
angle of lordosis in either male or female. This also
implies that in the management of young women with
problems of the lumbar spine, the LLA may need to be
combined with other diagnostic tools to produce better
results.

CONCLUSION

Results from this study suggest that age is
among the individual factors that significantly influence
spine morphology in female Nigerians. The LSA, LLA
and LLD exhibit an increase decrease relationship,
except for LSA that becomes constant after the age of
32.

Thus, LLA, LSA and LLA can be used to
correctly quantify deviations from normal and a case
can be made for current radiology reports to indicate
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numerical values of these parameters as it is the practice
in many areas of laboratory medicine.
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