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When this general pat.ternof the lamina area is compared with
that of modern man it is evident that the difference between
the two groups lies mainly in the lumbar region. The laminae
of m~dern human lumbar vertebrae incr.ease from L1 to L5,
while a decrease occurs in the great ape columns. Fig. 9.22
shows graphically this seemingly important difference in
lamina index values of modern man and tho:two Pan vertebral
co Lumns ,

A comparison of sts 14 lamina area with those of the previous
two hominoid groups is presented in Fig. 9.23. The most
important feature to emerge is the increase in the australo-
pithecine lamina area between L2 and L5 as in the modern
human aeri.ea, The Lama.na index value of L6 in sts 14 is
however unknown. In the thoracic region the three groups
correspond approximately. This graph also underlines the
difference in absolute size between modern human and A.
africanus laminae.

4.2 Lamina Index/Inferior Body Area Ratio

When the patrt.ern of lamina area increase and decrease in
relation to the inferio: body area is compared between modern
humans and pongids (Figs. 9.24, 9.25) three features are
apparent. Firstly, the values for lamina size/ inferior body
area increase at the last two lumbar vertebral levels in
modern human male and female columns. In the great ape
serie;nan increase occurs at L4, the last lumbar 'vertebra of
the Gorilla (Za 1312) column, a decrease occurs at L4 of the
Pa.n (Za 94) column, whi.lethe ratios have the same value in
the last three lumbar vertebrae of the Pongo (Za 93) column.
~o sudden sharp increase thus occurs in the last two lumbar
vertebrae of the pongid vertebral columns.

Secondly, an inc~ease of this ratio occurs at the lower
thoracic vertebrae; slightly between T8 and T9 in the Zulu
and the Gorilla n.ale coIumna , gradually between T5 and T8 in
the Pan (Za 94) and between T6 and Tll in the Pango (Za 93)
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columns. Thirdly, in the male columns, the lamina size/
inferior area ratio is greater in the African apes than in
modern man. On the other hand, this ratio is smaller in the
Pongo female than in modern human female columns.

A comparison of sts 14 lamina index/inferior body area with
that of modern human and Pongo females is presented in Fig.
9.25. The most important feature which comes forward is the
increase of this ratio at the L3, L4 and L5 levels in sts 14.
In the light of the previous comparison this seems to be an
essentially human-like characteristic. Again it must be
emphasized that ±he lamina index value of the last lumbar
vertebra of sts 14 is however unknown.

c. The Pedicle Size

1. Modern Human Series

1.1 Zulu Series

1.1.1 Pedicle Index (gped x lped)

The product of the greatest sagittal (gped) and the least
t~ansverse (lped) diameters aL the slenderest part of the
pedicle is calculated for both left and right sides. This
index indicates the cross-sectional size of the pedicles.
The mean pedicle index of the two sides is calculated for
each vertebra. The results are listed in Table 9.16 and
presented graphically in Fig. 9.26.

In the male Zulu spinal columns the mean pe icle index values
decrease from Tl to T5. The mean index values of the
pedicles increase then from T6 to Tl1, followed by another
del~~~ase to L2 and another increase to L5. The mean pedicle
index values of the female Zulu spinal columns correspond
with those of the male columns, save that th~ first increase
extends from T6 to T12.instead of to Tll.
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fABLE 9.16
Tbe Hean Pedicle index of Zulu Thoracic and LUibar vertebrae (cna)

Vertebra Zulu males Zulu fe.ales
Mean ±SD Observed Mean ±SD Observed

Range Range
'1'1 0,78 0,11 0,56 - 1,05 0,60 0,12 0,42 - 0,90
'1'2 0,77 0,11 0,60 - 1,02 0,56 0,10 0,45 - 0,82
'1'3 0,62 0,11 0,47 ~ 0,98 0,48 0,09 0,36 - 0,72
'I'4 0,55 0,10 0,42 - 0,85 0,41 0,08 0,24 - 0,69
'1'5 0,52 0,10 0,32 .. 0,63 0,40 0,11 0,25 - 0,68
'1'6 0,52 0,09 0,39 ~ 0,71 0,40 0,09 0,24 - 0,55
'1'7 0,58 0,12 0,32 - 0,85 0,43 0,08 0,25 - 0,58
'1'8 0,64 0,14 0,40 - 0,98 0,46 0,09 0,30 - 0,66
'1'9 0,74 0,15 0,47 - 1,05 0,58 0,13 0,33 • 0,88
'1'10 1,10 0,26 0,64 - 1,76 0,84 0,15 0,60 - 1,16
'I'll 1,43 0,24 0,98 ..1,98 1,13 0,22 0,58 - 1,48
'1'12 1,38 0,26 0,80 ..2,04 1,18 0,26 0,79 ~ 1,62
Ll 1,30 0,26 0,77 .. 1,76 1,02 0,27 0,65 - 1,84
L2 1,27 0,19 0,91 - 1,65 1,01 0,19 0,68 ..1,36
L3 1,45 0,21 1,04 .. 1,82 1,23 0,22 0,80 - 1,68
L4 1,52 0,20 1,21 - 2,03 1,29 0,20 1,02 .. 1,68
L5 2,07 0,33 1,43 - 2,87 1,83 0,37 0,34 ..2,79

n = 30

Sex differences: The mean pedicle index values of female
vertebrae are smaller than those of co.rrwspond i.nq male
vertebrae. Student's t-Test (Tab1e 9.17) ~hows highly
significant differences (P<O,0005 and PO,005) between the
sexes at all levels, except at L5, where this difference is
almost certainly significant (P<O,Ol).
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TABLE 9.17

t-values of Sex Differences in tbe
Mean Pedicle Indez Values of Zulu
Thoracic and tu.bar Vertebrae

vertebra t-Value P{

Tl 6,072 0,0005
r2 7,647 0,0005
r3 5,732 0,0005
\'4 5,995 0,0005
T5 4,458 0,0005
T6 5,272 0,0005
T7 5,763 0,0005
T8 5,959 MOOS
T9 4,832 0,0005
T10 4,832 0,0005
Tll 5,098 0,0005
T12 2,906 0,005
L1 4,132 0,0005
L2 5,517 0,0005
L3 4,010 0,0005
L4 4,781 0,0005
L5 2,57 0,01

1.1.2 Mean Pedicle IndeX/Inferior Body Area Ratio

Compared to vertebral body area, Zulu male pedicles are
largest at the T1 and T2 levels (Table 9.18~. Presented
graphically (Fig. 9.27) the ratio shows a biphasic curve with
a sharp decline in pedicle size from Tl to T6r T7, T8 and T9.
From T9 the pedicle size increases in relation to the inferi-
or vertebral body area to Tll, followed by a decrease to L2-
L4 and a sharp increase from L4 to 1,5. The ratio follows the
same general pattern in the female columns.
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TABtE 9.18
The Mean Pedicle Indelflnferior
Body Area Ratio values of Zulu
Thoracic and tUlbar Vertebrae

Vertebra Males Females
'1'1 0,19 0,16
'1'2 0,16 0,15
'1'3 0,13 0,12
T4 0,11 0,10
'1'5 0,10 0,09
'1'6 0,09 0,08
'1'7 0,09 0,08
'1'8 0,09 0,08
'1'9 0,09 0,09
'1'10 0,13 0,12
'I'll 0,15 0,14
'1'12 9113 0,14
tl 0,11 0,10
L2 0,10 0,10
t3 0,11 0,11
14 0,11 0,10
L5 0,16 0,16

1.2 Comparative Series

1.2.1 Mean Pedicle Index (gped x lped)

The results of Davis (1961) on the last three lumbar verte-
brae in 35 male and 24 female West-African columns and those
of Pal and Routal (1986, 1987) on certain thoracic and the
lumbar vertebrae in 44 Indian males are available for com-
parison. Tilesedatal with the results of the present study,
are listed in Table 9.19 and presented graphically in Fig.
9.28.

The mean pedicle index values in the Zulu males are highly
significantly greater (p<O,0005 and P<O,005) than in the
Indian males at the levels reported by pal and Routal (1986,
1987). Exceptions are the index values for T9 and D5 which
show no significant difference bet\qeen these samples. The
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index values of the last three lumbar vertebrae in West
African spinal columns are not significantly different from
those of Zulu males. On the other hand, the mean index
values of L3 and L4 in the West African males are highly
significantly greater (P<0,0005) than those of Indian males.
The values cf L5 sho~ no significant difference among these
populations.

TABLE 9.19
The Mean Pedicle Index Values 01 the Thoracic and LUibar Vertebrae in the Males
of Various Populations (Cll)

Vertebra

'1'1
T2
'1'3
T4
't5
'1'6
T7
\'8
'1'9
'1'10
'I'll
'1'12
Ll
12
L3
L4
L5

Mean ± SD
Present study Pal and Routal (1986, 1987)
~ulu (n=30) Indian In =. 44)

Davis (1961)
West-African (n=35)

Mean t SD
0,78 ± 0,11
0,/7 i 0,11
0,62 ± O,U
0,50 t 0,10
0,52 ± 0,10
0,52 ± 0,09
0,58 ± 0,12
O,6~ ± 0,14
0,74 ± O,lS
1,10 ± 0,26
1,43 ± 0,24
1,38 ± 0,26
1,30 t 0,26
1,21 t 0,19
1,45 ± 0,21
1,54 t 0,20
2,07 i 0,33

Mean ± SD

0,65 ± 0,09
0,65 ± 0,13

0,40 ± 0,07

0,52 ± 0,15
0,80 ± 0,33
1,01 ± 0,26
0,96 ± 0,24
0,81 ± 0,18
1,14 ± 0,02
1,43 ± 0,08
2r01 ± e,37

1,40 ± 0,18
1,61 ± 0,25
2,17 ± 0,42

The mean pedicle index values of the last three lumbar
vertebrae in Zulu and west African female columns (Table
9.20) show no significant difference.
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\'ABLE 9.20
The kean Pedicle Index Values of the Last
Three J.uJbar Vertebrae i.n zulu and
West African Fe.ales (CJ21

Vertebra Zulu West-African
n = 30 n = 24

Mean tSD Mean ±SD

L3 1,23 t 0,22 1,23 t 0,21
L4 1,29 t 0.20 1,37 ± 0,26
L5 1,83 ± 0,37 1,90 t 0,37

...

1.2.2 Mean Pedicle Index/Inferior Body Area Ratio

Comparison of the mean ratio values shows the same biphasic
curve in Zulu and IndLm males (Table 9.21, Fig 9.29), but
the values of the ratio are smaller in Indian males. The
pedicle sizes of the last three lumbar vertebrae in West
African males present the same tendency to increase in
relation to the body area as in Zulu and Indian males.

The ratio of the pedicle size of the last three lumbar
vertebrae increase in West African females. Zulu females
present a decrease in thiD ratio from L3 to L4 followed by an
increase to L5. The ratio values of the last three West
African lumbar vertebrae have been calculated from Davis's
(1961) results.
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"l'A!lL~1J.2!

The Mean Pedicle Index/lnferiot Body Area Ratio Values in the Thoracic
and LUibar Vertebtae of the COlparative Modern BUlan Series

vertebra Zulu West African Indian Zulu Hest African
Males Males Males Fellales Felales
n=30 n:35 n=U n=30 n=24

'1'1 0,19 0,15 0,I.Ii
'1'2 0,18 - 0,13 0,15
'1'3 0,13 0,12
T4 0,11 0,10
'1'5 0,10 0,01 0,09
'1'6 0,09 0,08
'1'7 0,09 0,08
'1'8 0,09 0,07 0,08
'1'9 0,09 0,10 0,09
'1'10 0,13 0,12
'I'll 0,15 0,11 0,14
'1'12 0,13 0,09 0,14
Ll 0,11 0,07 0,10
L2 0,10 0,10
L3 0,11 0,10 0,08 0,11 0,11
L4 0,11 0,12 0,10 0,10 0,12
L5 0,16 0,17 I 0,14 0,16 0,17

2 African and Asian Great Ape Series

2.1 Present study

2, 1 Pedicle Index (gped x lped)

The size of the pedicles decreases from T1 to T5 in Za 95, a
Gorilla male vertebral column. From T5 it increases grad-
ually to T10 followed by a sharp increase to L2, a decrease
at L3 and a sudden sharp ~ncrease from L3 to L4 (Table 9.22,
Fig 9.30). In Za 1312 a slight increase in pedicle size
occurs from T1 to T2 and T3 followed by a decrease to T4 and
an increase to L1. A decreAse in pedicle size is seen from
L1 to L2 followed by a sharp increase to L4.
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TABLE 9.22
The Pedicle Index Values in Individual SetH of African and
Asian Great Ape Yhoracic and Lu.bar Vertebrae (cl"l

vertebra Gorilla Pan Pongo
Za 1312 Za 95 Za 1071 Za 94 Za 93
Male Male Male Male Female

'1'1 0,85 0,94 0,59 0,38 0,40
'1'2 0,88 0,73 0,46 0,37 0,40
'1'3 0,88 0,65 0,53 0,41 0,40
T4 0,77 0,63 0,55 0,39 0,34
'1'5 0,91 0,61 0,51 0,45 0,31
'1'6 0,93 0,71 0,54 0,41 0,32
'1'1 1,01 0,70 0,54 0,50 (1,33
'1'8 1,29 0,75 0,50 0,48 0,43
'1'9 1,34 0,88 0,58 0,53 0,38
'1'10 1,89 0,84 0,53 0,55 0,38
'1'11 2,13 1,14 0,77 0,65 0,46
'1'12 2,18 1,46 0,76 0,80 0,61
'I'll 1,85 1,09 1,00
L1 3,29 1,88 1,22 1,05 0,96
L2 2,98 2,03 1,36 1,10 1,02
L3 3,55 1,79 1,22 1,16 0,87
L4 4,62 2,38 1,32 1,41 1,09

L

The Pan male columns show a decrease in pedicle size from 'rl
to T2 followed by a gradual increase to TIO. From this level
Za 94 presents an increase in pedicle size through to L4. Za
1071 shows an increase in pedicle size from T10 to L2
followed by a decrease to L3 and an increase to L4. L2
presents, however, the largest pedicles in this vertebral
column (Fig 9.31).

In the Pongo female vertebral column, the pedicle size is
equal over the first three thoracic vertebrae. This is
followed by a decrease to L5 and an increase to T8. A second
decrease in pedicle size occurs from T8 to T9. T9 and TIO
have pedicles of equal size. From T10 the mean pedicle index
value increases by 60,4 mm2 to L2, followed by a decrease of
10,5 mm2 to L3 and an increase of 22 mro2 to L4 (Fig. 9.32).
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2.1.2 Pedicle Index/Inferior Body Area Ratio

The graphs of the relationship between the pe ',le size and
the inferior body area in the two Gorilla male spinal columns
differ markedly (Fig. 9.33). Unfortunately, the inferior
vertebral body areas of the .last two lumbar vertebrae of Za
95 are damaged. In this column a sharp decline occurs from
T1 to T3, followed by an increase to T4. Between T5 and T9
the ratio fluctuates between 0,11 and 0,12 and th~n declines
to 0,10 in TI0. The ratio increases from TI0 to T13 and Ll
followed by a decrease to L2. The lumbar region of Za 1312
also shows a decline from Ll to L2, which is followed by a
sharp incline to L4 (Table 9.23).

TABLE 9.23

The Pedicle Indel/Inferior Body Area Ratio ~alne8 in
Individual Sets of African and Asian Great Ape
Thoracic and tu.bar Vertebrae

Vertebra Gorilla Pan Pongo
Za 1312 Za 95 Za 1071 Za 94 Za 93
Male Male Male Male Fe.ale

'1'1 0,12 0,21 0,19 0,20 0,13
'1'2 0,11 0,15 0,14 0,17 0,12
'1'3 0,11 0,12 0,15 0117 0,11
'1'4 0,10 0,14 0,15 0,15 0,09
'1'5 0,11 0,11 0,12 0,16 0,08
'1'6 0,11 0,12 0,12 0,14 0,07
'1'7 0,10 0,11 0,11 0,16 0,07
'1'6 0,12 0,11 0,10 0,15 0,08
'1'9 0,11 0,12 0,10 0,15 0,07
'1'10 0,14 0,10 0,09 0,13 0,06
'1'11 0,13 0,13 0,12 0,14 0,07
'1'12 0,12 0,14 0,10 0,15 0,09
'1'13 0,15 0,14 0,18
L1 0,17 0,15 0,14 0,17 0,13
L2 0,14 0,13 0,13 0,17 0,12
L3 0,15 t 0,11 0,17 0,10
L4 0,23 t 0,13 0,25 0,14

t Inferior vertebral body area unknown



268

~ Za 1312 (23 PSV) -0 -Za 95

0.24r-------------------------------------------------------~

iii
\
\
\
\
\
\
\
\
\
\
\

q

7 7

ee 0.22
IV....
-:. 0.2
"0o=~ 0.18......~
~ 0.16.......-.....g 0.14.....
'".!':! 0.12
"C
OJ

"'" 0.1
0.08 -t- 1 I

T1 T2 T3 14 T5 T6 T7 18 19 110 Tl1 112 T13 L1 l2 l3 L4

Vertebrae
Fig. 9.33 Pedicle IndcxlInferior Body Area Ratio Values in i'1I0 Sets of GoriJJd Hale

'I'horacic and Lumbar Vertebrae

Za 1071 -0- Za 94

0.26

'"
0.24

OJ....
0.220<

"....
'"0
0 0.2 q"".....
0..... 0.18....
OJ......
'"...... 0.16-....
Q)

:5 ·0.14

Ii],,,,,
I,,,. ,,

p,~ "
I 'G---e---EJ

I
)J...... I

, ," '0 _.-I!\. • .d
'e( '" .....El"''''

't3"~
.!':! 0.12
'"0

'""'" 0.1
0.08 -+--I--+--t--+-I -I-t--+--+-t-'

T1 12 T3 T4 T5 16 T7 I.8 T9' 112 T13 11 l2 l3 L4

Vertebrae

Fig. 9.34 The Pedicle Index/Inferior Body Area Ratio VdJUCS in r~o sets of PdQ Kale
Thoracic and LUlbar Vertebrae



269

In the two Pan vertebral columns this ratio shows a gradualf

though more distinct decline to the T10 level which is
followed by an incline to T13 (Fig. 9.34). In the lumbar
region of Za 1071, the ratio of Ll is equal to that of T13,
followed by a decline to L3 and an incline to L4. In Za 94
the ratio d~clines from T13 to L1, L2 and L3 in which it is
equal, followeclby a sharp incline to L4.

The pedicle index/inferior body area ratios of the Pongo
female thoracic and lumbar vertebrae (Fig 9.35) decrease from
0,13 in Tl to 0,07 in T6 and T7, followed by an increase to
0,08 in T8. From T8 the ratio decreases to 0,06 in T10
followed by an increase to 0,13 in L1. In the lumbar region
the ratio decreases from L1 to L3 and increases to L4. L4
(0,14) presents the largest pedicles in relation to the body
area and T10 the smallest.

3. Australopithecine Series

3.1 Present Study

3.1.1 Pedicle Index (gped x lped)

In this series one of the pedicles of a vertebra is fre-
quently damaged or broken away. The index value of the
remaining pedicle is then, for the purposes of this study,
treated as the mean index value. These values are all
clearly marked in the tables.

With the exception of the third last thoracic vertebra of
which the pedicle index values are unknown, the pedicle size
increases from the ~eventh last thoracic vertebra to L1 in
sts 14, an A. africanus female partial column. From L1 a
sharp decline occurs to L2, followed by a gradual increase to
L6. The pedicle size of L1 is however greater than that of
L6 (Table 9.24, Fig. 9.36).
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TABLE 9.24
The Pedicle Index Values in Individual Sets of
A. afriaanus Thoracic and LUBbar Vertebrae (cill

Vertebrae 8ts 14 stw 431 stw 8b

Thoracic:
7th last 0,14
6th last 0,17
5th hat 0,15
4th i.lst 0,27
3rd hat - 0,50
2ndhst 0,57 -
last 0,60 -
Lumbar:
L1 0,62 OW
L2 0,38 0,73 0,72"
L3 0,50 1,00'
L4 0,50 1,22'
L5 0,52$ l,W
L6 0,60'

• Only right side is preserved
$ only left side is preserved

stw 431, an A. africanus male partial vertebral column, shows
a decrease in pedicle size from L1 to L2 followed by a sharp
increase to L5, the last lumbar vertebra. A comparison of
the two partial columns reveals larger pedicles in the male
than in. the female. The male partial column also shows a
sharp increase in pedicle size in the lumbar region wit.hthe
pedicles of the last lumbar vertebra the largest. In con-
tr.astthe female partial column shows a gradual increase, but
the size of the L1 pedicles is the largest. stw 8b is either

"
a second or third male lumbar vertebra. The pedicle size of
the right pedicle correponds with that of L2 in stw 431,

The pedicle index values of the two A. robustus vertebrae are
0,60 cm2 in the last thoracic, SK 3981a, and 1,15 cm2 in the
last lumbar, SK 3981b.
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3.1.2 Pedicle Index/Inferior Body Area Ratio

This ratio is high in 'thelast thoracic vertebra of sts 14.
From here a sharp decline occurs to L2 and L3 which are
equal. From L3 a sharp incline occurs in the pedicle size in
relation to the inferior body area. In the first three
lumbar vertebrae of stw 431 in which this ratio is known a
decrease occurs to L2 followed by an increase to L3 (Table
9.25, Fig. 9.37).

\The ratios of the two Aw robueiiue vertebrae are 0,16 in the
last thoracic and 0,22 in the last lumbar vertebra.

TABLE 9.25
The Pedicle Index/Inferior Body Area
Ratio .Yalues in Individual Sets of
A. africanus !boracic and LUibar
Vertebrae

Vertebrae sts 14 stw 431

Thoracic:
7t.b 0,06
6th 0,07
5th .0,06
4th 0,09
3rd -
2nd -
last 0,18
LUlbar:
L1 0,16 0,12
L2 0,10 0,10
L3 0,10 0,13
L4 0,11
L5 0,14
L6 0,18
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4. Intergroup Comparisons

4.1 Pedicle Index (gped x lped)

In both modern man and the anthropoid apes the pedicle size
decreases in the upper thoracic region followed by an
inerease in the lower thoracic region (Figs. 9c38 and 9.39).
In the lumbar region of modern man a decrease occurs from Til
to L2 followed by a sharp increase to the last lumbar
vertebra. The lumbar pedicle index values of Stw 431 show
the same pattern as modern man. sts 14 shows an increase in
pedicle size up to Ll, which is in accordance with the
pedicle index values of the anthropoid apes, followed by a
decrease from Ll to L2, as seen in stw 431 and modern man,
and a gradual increase to the last lumbar vertebra. In the
anthropoid apes Ll presents larger pedicles than the last
thoracic vertebra and, with the excepxLon of Za 1312, the
pedicle size increases to L2 in these columns. From here
three columns show a decrease in pedicle size at the second
.last lumbar vertebra, L3. In the other two columns, one (Za
1312) shows this dec roa se at L2 while Za 94 does not present
a decrease. In all the great ape columns, modern man and stw
431, there is a sharp increase in the pedicle size of the
last lumbar vertebra. sts 14 its the only one of all the
hominoid columns in which the pedicles of the last lumbar
vertebra are not the largest.

4.2 Mean Pedicle Index/Inferior Body Area Ratio

From Figs. 9.33, 9.34 and 9.35 it seems as if this ratio
decreases from Tl to Tl0 in the African and Asian great ape
spinal columns, Za 1312 being the only exception. Modern
human spinal columns (Fig. 9.27) also show a marked decraase
in pedicle size in relation to the inferior body area in the
upper thoracic region. Th~ difference is that in modern man
the ratio decreases from Tl to T5 or T6 and stays equal to T8
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or T9, whereas T10 presents the smallest pedicle size in
relation to the inferior body area of the anthropoid ape
thoracic vertebrae.

The decline in the upper thoracic region of
followed by an increase in the ratio values

modern man is
to Ti. The

anthropoid apes also bhow an increase in these values from
Tl0 to the last thora.cicor first lumbar vertebra. Unfortu-
nately the ratios ~f the secol~ and the third last sts 14
thoracic vertebrae are unknown, but the ratio for the last
thoracic vertebra is considerably larger than the ~,ltiofor
the fourth las~ thoracic vertebra (Fig. 9.37).

In the lumbar regions of ·thefive anthropoid ape columns the
ratio values show three patterns. One Pan column presents a
decrease from T13 to L1, L2 and L3, which have equal values,
followed by an increase at L4 (Fig. 9.34). In the other Pan
and the Pongo (Fig. 9.35) columns ·theratio values decrease
from L1 to L3 followed by ·an increase at L4. One Gorilla
column presents a decrease from Ll to L2 followed by'an
increase to L4 (Fig. 9.33). The inferior surfaces of the
bodies area of the last two lumbar vertebrae of the remaining
Gorilla column are damaged. In modern man a decrease occurs
from T12 to Ll (Fig. 9.27). The ratio values of Ll to L4,are
more or less equal followed by a sharp increase at L5. In
sts 14 this ratio decreases from the last thoracic vertebra
t.oL2 and L3 followed by an increase in the last three lumbar
vertebrae (Fig. 9.37). The ratio of the pedicles of L1 to
the vertebral body are thus greater than or equal in size to
those of the last thoracic vartebra in the anthropoid apes.
In contrast a decrease in this ratio occurs from the last
thoracic to the first lumbar vertebra in modern man and in
sts 14. All three groups present a
ratio of the last lumbar vertebra.

sharp increase in the

Thus, the pedicle size increases from
brae to T11 in modern man and to L2
pongid spinal columns. sts 14 presents

the midthoracic verte-
in three of the five
an increase down to
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Ll. From Tll in modern man and Ll in sts 14 and stw 431, a
decrease occurs to L2 followed by an increase to the last
lumba~ vertebra. In the three pongid spinal columns, with
t.he,q<:>u.e pattern, the increase down to L2 is followed by"a
decrease at L3 and an increase at·L4.

D. The Arch Distance

1 Modern Human Series

1.1 Zulu Series

1.1.1 Arch Index <mfd x mdfb)

The arch index is the product of the maximum distance between
the ~rticular facets and the sagittal distance between these
articular facets and the posterior aspect of the vertebral
body, measured both superiorly and inferiorly. The mean of
the superior and inferior indicial values is then calculated
to give the mean arch index for each vertebra~ 'This mean
arch index indicates approximately the position of the
articular facets in relation to the body.

The mean arch index values of both the zulu males and females
decline a little over the cranial two or thr~c thoracic
vertebrae and then increase gradually to T1D. From this
level downwards the increase is more rapid to the level of
L5. The articular facets and the laminae are thus placed
furthest away from the vertebral Qody in the last lumbar
vertebra (Table 9.26, Fig. 9.40).

"7 II



278

TABLE 9.26
The Mean Arch Indel Values of Zulu Thoracic and LUibar Vertebrae (CM2)

Vertebrae Males Fellales I
Mean ±SD Observed Mean !SD Observed

Range Range

'1'1 3,77 0,52 2, ;1 - 4,85 3,71 0,52 2,89 - 4,95
'1'2 3,72 0,49 2,84 - 4,89 3,55 0,44 2,89 - 4,66
'1'3 3,72 0,47 2,95 - 5,16 3,57 0,44 2,76 - 4,41
'1\4 3,83 0,45 2,96 - 5,09 3,64 0,49 2,75 - 5,04
'1'5 3,91 0,44 3,250 - 5,35 3,68 0,40 2,94 - 4,57
'1'6 3,99 0,47 3,15 - 5,57 3,80 0,48 2,74 - 4,79
'1'7 U1 0,49 3,33 - 5,81 3,84 0,43 2,95 - 4,75
'1'8 4,11 0,42 3,22 - 5,59 3,92 0,47 2,97 - 4,97
'1'9 4,19 0,47 3,49 - 5,59 3,95 0,51 3,21 - 4,87
'1'10 4,37 0,58 3,23 - 5,64 4,16 0,51 2,90 - 5,23
Tll 4,87 0,86 3,62 - 7,28 4,86 0,83 3,51 - 7,06
'1'12 5,39 0,84 3,80 - 7,00 5,74 1,01 4,10 - 8,99
L1 6,10 0,71 4,54 - 1,14 6,01 0,76 4,25 - 7,53
L2 6,40 0,14 5,04 - 8,67 6,54 0,69 4,99 - 7,72
L3 7,00 1,12 5,56 - 9,59 7,21 0,93 6 M 9,97t OJ 1

L4 7,83 1,26 5,79 - 10,03 7,77 0,94 6,31 . 9,698
L5 8,74 1,44 6,73 - 13,09 8,46 1,10 6,28 - 11,21

Sex differences: No significant differences in the mean arch
index values are found between male and female Zulu thoracic
and lumbar vertebrae.

1.1.2 Arch Index/Inferior Body Area Ratio

The distance of the articular facets and the laminae as
indicated by the mean arch index decreases gradually from T1
to T10 in relation to inferior body area in both Zulu males
and females (Table.).27, Fig. 9.41). From this level the
ratio stays almost the Same to L3 ;inthe male and L4 in 'the
female columns. (The female columns present an increase of
0,07 at T12.) At L5 an increase of this ratio occurs in both
sexes which indicates an increase in the distance of the
posterior arch from the vertebral body.
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TABLE 9.27

The. Mean Arch Index/Inferior Body Area
Ratio Values of Zulu Thoracic and
LUibar Vertebrae

I Vertebrae Males FeJales
'1'1 0,90 1,00
'1'2 0,87 0,93
'1'3 0,81 0,87
T4 0,75 0,85
'1'5 0,72 0,80
'1'6 0,68 0,74
'1'7 0,60 0,69
'1'8 0,56 0,65
r9 0,53 0,59
r10 0,50 M7
'I'll 0,50 0,59
'1'12 0,52 0,66 !Ll 0,52 0,61
L2 0,51 0,63
L3 ,. .. t 0,63U,:)l
L4 0,55 0,63
L5 0,68 0,74

Sex differences: An interesting feature of this ratio is
that the distance of the articular facets and laminae from
the vertebral body is greater in the female columns than in
the male columns, when expressed in relation ~ ':heinferior
body area. The mean arch index values show no significant
difference between the sexes. The inferior body area values
of the Zulu female thoracic and lumbar vertebrae are sig-
nificantly smaller than those of the corresponding male
vertebrae. The larger arch index/inferior body area ratio
valUes in the female spinal columns thus depend upon the
smaller values of the denom~nator~
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1.2 Comparative Series

1.2.1 Arch Index (mfd A mdfb)

A comparison of the ·mean arch index values of Zulu males
(present study) and Indian males (Pal and Routal, 1987)
reveals highly significant differences (P)O,005) at the Tl,
T2, T8, T9 and Ll levels. The articular facets of T11 are
alrnost certainly significantly (P)O,Ol) further from the
vertebral body in zulu than in Indian males (Table 9.28, Fig.
9.42). The difference in mean arch index values between
these males is probably significant (P)O,025) at the L4
level. The articular facets of the Indian thoracic vertebrae
are situated more posteriorly or further from the vertebral
body, than those of Zulu male vertebrae. Tbe opposite is
found in the lumbar region.

TllBLE 9.28

Tlte Hean Arch Ind,!!IValues of zulu and Indian Hale Thoracic
atld LOIIbar Vertebrae (Cill2)

vertebrae Zulu lales Indian Ilales
Present study Pal and Rautal (1986, 1987)

n = 30 n " 44
Mean ± SD !lean ! SD .-

Tl 3,68 ± 0,52 4,35 t 0,60
'1'2 3,72 ± 0,49 4,21 ± 0,93
T3 3,72! 0,47
'1'4 3,83 ± 0,45
'1'5 3,91 ± 0,44 4,00 ± 0,67
'1'6 3,99 t 0,47
'1'7 4,11 ± 0,49
'1'8 4,11 t 0,42 4,60 ± 1,01
T9 4,19 ± 0,47 4,94 ± 0,47
'1'10 .,37 ± 0,58
'I'll 4,87 ! 0,86 4,43 ± 0,50
'1'12 5,39 ± 0,85 5,14 ± 0,89
Ll 6,10 ± 0,71 5,42 ± 0,09
L2 6,35 ± 0,74
L3 1,00 t 1,12 6,52 ± 1,05
L4 7,83 ± 1,26 7,25 ± 1,00
L5 8,14 ± 1,43 8,61 ± 0,57

-
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1.2.2 Arch Index/Inferior Body Area Ratio

The values for this ratio form the same pattern in Zulu and
Indian males (Table 9.29, Fig. 9.43). The values for the
Indian male vertebrae are greater than those for the Zulu
male columns between T1 and T11. The posterior arch of the
Zulu male T12 vertebra and of the lumbar vertebrae are placed
further away from the body than those of the Indian males in
relation to the inferior body area.

TABLE 9.29

The Mean Aroh Index/Inferior Body Area Ratio Values of Zulu
ann Indiiu Male Thoracic and LUibar Vertebrae

Vertebrae Zulu .ales Indian males
Present study Pal & Routa! (1986, 1987)

n = 30 n : 44

'1'1 0,90 1,02
'1'2 0,87 0,88
1'3 0,81
N 0,75
'1'5 0,72 0,74
'1'6 0,68
or? 0,60
'1'8 0,56 0,63
1'9 0,53 0,62
'1'10 0,50
1'11 0,50 0,50
'1'12 0,52 0,50
L1 0,52 0,41
L2 0,51
L3 0,51 0,47
L4 0,55 0,51
L5 0,68 0,61
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2. African and .Mlian Great Ape Series

2,1 Present Study

2.1.1 Arch Index <mfd x mdfb)

The arch index values which indicate the distance between the
vertebral body and the articular facets and laminae, decrease
from Tl to'1'4 in t.he Gorilla male columns (Table 9.30, Fig.
9.44). This decrease is followed by a moderate increase to
T9 and a sharp increase from Tl0 to T12 in Za 1312. In Za 95
the values increase from T4 to T6, decrease slightly to T8
and increase sharply to '1'13. The lumbar region of Za 1312
shows a decrease in the index values from T12 to L1 followed
by a slight increase to L3 and a marked decrease of 1,5cm2 at
L4.

TABLE Q.30
The Arch lndel Values in Individual Sets of African and Asian
Great Ape Thoracic and LuRbar Vertebrae in (012)

Vertebrae Gorilla PaD PODgO
Za 1312 Za 95 Za 1071 Za 94 Za 93
Male Kale Kale Male Fellale

-
'1'1 6,77 6,48 3,29 2,19 2,60
'1'2 6,2C 4,62 3,32 1,86 2,60
'1'3 5:06 3,61 3,34 1,65 2,78
T4 5,01 3,55 3,25 1,69 2,42
'1'5 5,15 4,01 3,18 1,69 2,43
'1'6 5,51 4,35 3,28 1,76 2,34
'1'1 5,75 4,33 2,79 1,81 2,14
'1'8 6,45 3,92 2,61 1,84 2,13
'1'9 7,54 4,04 2,65 2,06 1,97
'1'10 7,42 4,42 2,80 2,05 t,14
T1l 10,24 4,88 2,63 2,02 2,62
'1'12 11,::6 6,nS 3,08 2,47 2,89
'1'13 8,59 4,99 3,23
11 10,45 8,77 5,65 4,23 3,18
L2 10,47 8,00 5,23 .,23 3,21
L3 10,66 . 4,23 3,68 3,31
L4 9,14 • 3,32 2,84 2,78

* Posterior surface of vertebral body dalaged
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The two Pan vertebral columns do not show the same distinct
decrease followed by a definite increase in the index values
of the thoracic region (Table 9.30, Fig. 9.45). Instead, the
articular facets and laminae of the first eleven thoracic
vertebrae are placed at an almost equal distance from the
vertebral bodies. Both spinal columns present a sharp in-
crease in this index from Tll to Ll in which the articular
facets and laminae are placed furthest from the body. From
Ll in Za 1071 and L2 in Za 94, the distance between the
vertebral body and the articular facets and laminae decreases
to L4.

The arch index values of the Pongo thoracic and lumbar
vertebrae present the same basic pattern as those of the Pan
vertebrae. Scarcely any change occurs before Tl0. From this
level the index values increase to L3 followed by a slight
decrease at L4 (Table 9.30, Fig. 9.46).

2.1.2 Arch Index/Inferior Body Area Ratio

This ratio decreases sharply in the first three Gorilla male
thoracic vertebrae (Table 9.31, Fig. 9.47). From this level
a gradual deer'?-~se occurs to Tl0. Za 1312 presents an
increase to Til followed by a gradual decrease to L3. The
ratio of L4 in this column indicates a greater distance
between the vertebral body and the articular facets and
laminae in relation. to the inferior body area. Za 95
presents an in~rease from TiD to Ll followed by a decrease to
L2. Unfortun~tely the ratios of the last two lumbar verte-
brae are unknown, but the pattern presented by Za 95 is in
accordance with the pattern which is presented by the Pan
male columns (Table 9.31, Fig. 9.48). These spinal co lumns
show a decrease in this ratio to the level of T12. The
decrease is followed by an increase to Ll and a decrease to
L4.
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with the exception of an increased ratio at T3, the Pongo
female vertebral column also shows a decrease to T9 followed
by a mild increase +~ Ll (Figa 9.49). This increase in the
distance in relation to the inferior body area is however not
as sharp as in the African great ape spinal columns. In the
lumbar region the ratio decreases from Ll to L2, increa.sesto
L3 and decreases to L4. In the Pan and Pongo lumbar regions
the distance between the vertebral body and the articular
facets and laminae, in relation to the inferior body a.rea,is
thus smallest in the last lumbar vertebra.

TABLE 9.31
The Arch Index/Inferior Body Area Ratio Values in Individual
Sets of African and Asian Great Ape Thoracic and
Lumbar vertebrae

Vertebrae corilla Pan Pongo
Za 1312 Za 95 Za 1071 Za 94 Za 93
Male Male Male Male Fellale

'1'1 0,98 1,47 1,Oa 1,14 0,87
'1'2 0,81 0,96 0,99 0,85 0,75
'1'3 0,63 0,70 0,93 0,69 0,79
'1'4 0,64 0,77 0,87 0,65 0,64
'1'5 0,62 0,72 0,73 0,60 0,59
'1'6 0,63 0,76 0,75 0,59 0,52
'1'7 0,59 0,69 0,58 0,59 0,45
'1'8 0,62 0,58 0,53 0,57 0,41
'1'9 0,63 0,55 0,47 0,58 0,36
'1'10 0,56 0,51 0,48 0,48 e,37
'I'll 0,64 0,56 0,41 0,43 0,.2
'1'12 0,63 0,59 0,42 0,46 0,41
'1'13 - 0,71 0,62 0,58 -
L1 0,54 0,72 0,64 0,69 0,43
L2 0,47 0,59 0,51 0,66 0,37
L3 0,45 . 0,38 0,55 0,41
L4 0,.7 . 0;33 0,51 0,37

* Inferior vertebral body area unknown
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3. Australopithecine Series

3.1 Present study

3.1..1 Arch Index (mfd x mdfb)

The inferior articular facets of ~ll six sts 14 lumbar
vertebrae have suffered damage to some extent, but the
missing parts have been reconstructed. In the superior five
lumbar vertebrae the mean arch index is calculated from the
superior arch index and the inferior arch index, which also
is calculated from the reconstructed parts. The mean arch
Lndex value of the las·tlumbar vertebra has not been calcu-
lated, for the inferior articular facets are broken away and
the reconstruction is thus not a mere filling of a missing
piece but a tota~ restoration. Table 9.32 and Fig. 9.50 show
an increase in the index values from the last thoracic verte-
bra to L3, a decrease to L4 and a slight increase to L5, the
second last lumbar vertebra.

TABLE 9.32
The Arcb Index Values in Individual
Sets of A. afric3nus Thoracic and
Lu,bar Vertebrae (0121

Vertebrae sts 14 stv m
Female Male

Thoracic:
6th last 1,66
5th last 1,74
4th last 1,86
3rd last -
2nd last -
last 2,71

!!!tobar:
L1 3,51
L2 3,86 4,83
13 3,95
L4 3,72
15 3,79
L6 -



291

~ Ste14

1.1

'"
?

Ol) 1..,
.-.:
>-

/""t:>
0ec.., 0.9.!:!..,
Ol).......
c.....- 0.8 /'..
Ol)
""0 ?c....
...c "'~ ?u 0.7....
""

0.6 I I I ~.
'T7 T8 T9 T10 Ttl T12 L1 L2 L3 l4 lS L6

Vertebrae

Pig. 9.51 The Arch Index/1111erior Body Area ilatio Values in a Single Set of A. africanus
Female Thoracic and Lumbar vertebrae

- Zulu - Gorilla (Za 95) --- Pan (Za 94)

10r-----------------------------------------------
8

N...u 6

4
,. -til .....

,; ; ...,
~; "

-" ,~.~ ~,-
.......... - __ w._ _t ---_ .. -_ -.---- ....2

o I I
n T2 T3 T4 T5 T6 17 T8 T9 no, T11 T12 T13, L1 L2, L3 L4 L5

Vertebrae
Fig. 9.52 The Arch Index Values of Modern BUlan In=30), Gorilla In=!1 and Pan In=!) Male

Thoracic and Lunbar Vertebrae



292

3.1.2 Arch Index/Inferior Body Area

This ratio, which indicates the distance between the verte-
bral body and the articular facets and laminae, in relation
to the inferior body area, increases in sts 14 from the last
thoracic vertebra to L2 (Tabie 9033, Fig. 9~51). From L2 a
decrease occurs to L4. An increase in the ratio then occurs
from L4 to L5 and, though the ratio for L6 is unknown, the
ratio value which is based on the diameters of the recon-
structed parts suggests a further increase at this level.

TABLE 9.33
The Arch Indel/lnferior Body Area
Ratio Valuer of sts 14 Thoracic
and Lubar Vertebrae

vertebrae sts 14
Thoracic:
6th last 0,72
5th last 0,64
4th last 0,65
3rd last .
2nd last -
Last 0,81
LUlJba ••

L1 0,88
L2 1',02
13 0,a2
104 0,80
L5 1,03
L6 -

4. Intergroup Comparisons

4.1 Arch Index (mfd x mdfb)

The mean arch index values of the upper eleven thoracic
vertebrae show little change in modern man, the Pan and the
Pango vertebral columns (Figs. 9.52, 9.53). The two Gorilla
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columns present a decrease from Tl to T4. The African apes
then show a sharp increase in index values from Tll to T13 or
Ll, which is followed by a decrease to the last lumbar verte-
bra. The Pongo female spinal column shows the same tendency,
though less prominently, (Fig. 9.53). The modern human
columns show a gradual increase in index values from T2 to
T10, followed by a sharper increase through to L5. sts 14
index values increase from the last thoracic vertebra to L3,
followed by a decrease to L4 and a slight increase to L5.
This pattern seems to be the same as those of the anth~opoid
apes to the level of L4. The slight increase at L5 is more
in line with the modern human pattern. Unfortunately the
index value of L6 is unknown but the reconstructed part,
which is made with the articular facets of the sacral piece
as guidelines, suggests an increased index value of this
level.

4.2 Arch Index(Inferior Body .<::l.l.·eaRatio

The difference in the arch index/inferior body area values
between modern human and the ponq i.d spines is best illus-
trated in Fig. 9.54. The ratio values of Zulu and Pan (Za
1071) male vertebrae present a decrease from Tl to the second
last thoracic vertebra. The difference between the two
groups lies in the definite increase in this ratio in the
last thoracic and first lumbar vertebrae of pongids, followed
by a decrease from Ll to L4, whereas modern man shows a
plateau from the last thoracic to the third lumbar vertebrae
followed by a striking increase from L3 to L5.

sts 14 (Fig. 9.55) shows a sharp increase in this ratio from
the last thoracic vertebra to L2, followed by an even sharper
decrease to L3 and L4, in which the ratio is equal. From L4
this ratio increases again to L5 and, though the ratio for L6
of sts 14 is unknown, the ratio value which includes the di-
ameters of the reconstructed
crease at this level. The

parts suggests a further in-
pattern presented by the ratio

values of the last thoracic and the upper four lumbar verte-
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brae of Sts 14 is thus in accordance with the pattern
presented by the anthropoid ape vertebrae. The increase in
the ratio values in the last two lumbar vertebrae is, on the
other hand, a modern hUman-like characteristic.

E. The Transverse Process size

1. Modern Human series

1.1 Zulu series

This series lpcks the index values of TIl and T12 since the
morphology of these transverse processes differs from that of
the rest of the thora.cic region. 'rhe greatest and least
transverse process diameters of TIl and T12 do not reflect
the size of these processes in the same manner as in the rest
of the thoracic region and they are thus excluded from this
part of the study.

1.1e1 Transverse Process Index (gtp x ltp)

The mean transverse process index value is determined as an
indicator of the mean transverse process size of both sides.
In the Zulu male spinal columns a decrease in the index
values occurs from T1 to T5 followed by a gradual increase to
'1'9. From this level a decrease occur-s to T1D (Table 9.34,
Fig. 9.56).

The transverse processes of the upper four .iwnbar ver-t.ebxae
are much smaller than the thoracic transverse processes.
From L1 the size increases to L3, decreases slightly to 1,4,
followed by a very sharp increase at L5. Thus, the traml-
verse processes of L5 are the largest in the Zulu male
vertebral columns. The Zulu female colunlns present smaller
transverse processes than th~ male columns, but the pattern
of variaticn in the regions corresponds.



297

TABLE 9.34

Tbe Hean Trana,erae Proceas Index Values of Zulu Thoracic and LuBbar
Vertebrae (Cia)

vertebra Zulu Kales ( n = 30) Zulu Fe.ales 1M = 30) IMean ±SD Range Mean !SD Range
T1 1,32 0123 0,84 - 1,72 1,17 0,16 0,86 - 1,58
T2 1,09 0,24 0,76 - 1,69 0,90 0,17 0,55 - 1,24
T3 0,96 0,19 0,10 ~ 1,41 0,77 0,10 0,53 - 0,99
N 0,90 0,16 0,62 - 1,29 0,76 0,11 0,57 - 0,97
T5 0,87 0,14 0,62 - 1,14 0,14 0,11 0,50 - 0,99
'1'6 0,95 0,15 0,67 - 1,33 0,77 0,13 C,S4 - 1,03
T7 0,97 0,15 0,73 - 1,34 0,83 0,11 0,56 n 1,02
'!'8 1,03 0,17 0,13 - 1,34 0,67 0,13 0,62 - 1,12
T9 1,07 0,18 0,81 - 1,66 0,93 0,13 0,66 - 1,16
'!'l0 1,03 0,20 0,65 - 1,49 0,65 0,17 0,58 - 1,21
'1'11 - - - - - -
'1'12 - - - - - ~
Ll 0,53 O,ij 0,22 - 1,26 0,45 0,11 0,26 - 0,77
L2 Ot54 0,13 0,27 - 0,78 0,52 0,11 0,29 - 0,71
L3 0,63 0,15 0,32 - 0,9~ 0,61 0,12 0,33 - 0,89
L4 0,58 0,15 0,33 - 0,89 0,55 0,17 0,35 - 1,02
L5 1,31 0,33 0,79 - 1,93 1,33 0,30 0,73 - 1,81

Sex Qii£erences: Tbe thoracic transverse processes are
highly significantly larger (P<O,005) in the zulu male than
felntlle columns (Table 9.35) • In the lumbar region the
~ransverse processes of Ll are almos~ certainly significantly
larger (P<O,05) in the male columns, whereas the transverse
process index values of the last four lumbar vertebrae show
no significant differences between the sexes.
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TABLE 9.31

t-ialues of Sex Differen~eB in
the transverse Process Itiex
Values of lulu Thoracic and
Lnabar Vertebrae

vertebra t-Value P{

tl 2,903 0,005
r2 3,491 MOOS
T3 M76 0,0005
T4 4,073 0,0005
T5 3,938 0,0005
f6 5,023 0,0005
T7 3,979 0,0005
f8 3,900 0,0005
T9 3,404 0,0005
T10 5,655 0,0005
Tll - -
T12 - -
Ll 1,920 0,05
L2 0,634 0,30
L3 0,801 0,25
14 0,823 0,25
L5 0,462 0,30

1.1.2 Transverse Process Index/Inferior Body Area Ratio

In relation to the inferior body area, the size of the
transverse processes decreases from Tl to
and female Zulu vertebral columns (Table

T10 in both male
9.36, Fig. 9.57).

The ratios of the f.~rst four lumbar vertebrae, which are
almost e~lal to one another are less than those of the
thoracic region while an increase occurs at the L5 level.
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tABLE 9.36
The Mean transverse Process Inde~/lnferior
Body Area Ratio Values in Zulu thoracic
and LUibar Vertebrae

Vertebra Males Pe.ales
1'1 0,31 0,32
1'2 0,25 0,24
1'3 0,21 0,19
N 0,17 0,16
1'5 0,16 0,16
'1'6 0,16 0,15
1'7 0,14 0,15
f8 0,14 0,15
1'9 0,14 0,14
1'10 0,1:' 0,12
T11 - -
T12 - -
L1 0,04 0,05
L2 0,04 0,05
L3 0,05 0,05
L4 0,04 O,C4
L5 0,11 0,12

1.2 comparative Series

102.1 Transverse Process ludei'. <gtp :It Itp)

Davis (1.961)reports the mean transverse process index of the
last three lumbar vertebr~e in male and female West African
columnse A comparison between these data and the results of
the present study on Zulus (Table 9.37) shows the same
pattern of a decrease to L4 and an increase to L5 in bo~h
groups. The transverse processes of L3 and L4 zulu male
vertebrae are highly signif.icantly greater (P<O,0005) than
those of the West African males, while no significant
difference is found betw~~n the last lumbar vertebrae of
these groups. The transverse processes of the last three
Zulu f~male lumbar vertebrae are highly significantly greater
(P<O,005) than those of the West African female vertebrae.
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TABLE 9.31
'Tbe Mean Transverse frocess Index Values uf the Last three Lulbar
Vertebrae in iulu and West African Male Spines (CIa)

vertebra Zulu West African
!lean ±SD observed Mean tSD Observed

Range Range
Males:
L3 0,63 0,15 0,32 - 0,94 0,36 0,07 0,24 - 0,50
L4 0,58 0,15 0113 - G,09 ~,26 0,09 0,14 - 0,55
L5 1,37 0,33 0,79 - 1,93 1,20 0,53 0,52 - 2,87

Fe.ales:
L3 0,61 0,12 0,33 - 0,89 0,29 0,08 0,20 - 0,56
L4 0,55 0,17 0,35 - 1,02 0,26 0,09 0,15 - 0,50
L5 1,33 0,30 0,13 - 1,81 0,78 0,99 0,25 - 1,41

zulu lales: n ~ 30
Zulu fe.ales: n = 30
West African .ales: n = 35
West African felales: n = 24

1.2.2 Transverse Process Index/Inferior Body Area Ratio

This ratio has here been ce.Lculat.edfor West African spinal,
columns from Davis's (1961) results on the last three lumbar
vertebrae and compared with the results of the present study
<Table 9.38). Though the Zulu transverse processes are
larger in relation to the inferior bod',area, both groups
present the same pattern of a slight decrease from L3 to L4
followed by an increase to L5.
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TABLE 9.38
The Mean Transverse Proc~ss Index/Inferior Body Area Ratio
Values of the Last Three LUlbar Vertebrae of Zulu and
Went African Male Spines

Vertebra Males Females
Zulu West African Zulu west African

L3 0,05 0,03 0,05 0,03
L4 0,04 0,02 I 0,04 0,02
t5 0,11 0,09 0,12 0,07

2 African and Asian Great Ape Series

2.1 Present Study

2 .1.1 Transverse Procesa Index (gtp x 1tp)

The two Gorilla male vertebral columns show a decrease in
index values of the upper thoracic vertebrae, followed by an
increase to the second last thoracic vertebra. The trans-
verse processes of Ll are
thoracic vertebrae <Table 9.39,

much smaller than those of the
Fig 9.58). In Za 1312 the

transverse process size increases from L1 to L4 while Za 95

shows a decrease in this size in the upper three lumbar
vertebrae followed by a sharp increase at L4. The Tl
transverse processes are the largest in the thoracic region,
while those of L4 are the largest in the thoracolumbar
region.
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TABLE 9.39
The Transverse Process Index Values in Individual Sets
of Africa~ and Asian Great Ape Thoracic and LUJbar
Vertebl.'ae (CIIl)

Vertebra (JorilJ Pan Pongo
Za 1312 ~1. i5 Za 1011 Za 9. Za 93

Tl 2,05 1,51 0,61 1,02 0,67
T2 2,00 1,25 0,42 0,59 0,52
T3 1,52 1,04 0,33 0,56 0,56
14 1,50 1,18 0,35 0,59 0,58
T5 1,26 1,14 0,36 0,56 0,57
T6 1,20 0,99 0,42 0,60 0,58
T1 1,19 0,86 G,45 0,62 0,61
T8 1,38 0,85 0,47 0,64 0,79
'1'9 1,25 0,94 0,55 0,64 0,76
T10 1,58 1,03 0,47 0,63 n,94
Tll 1,67 1,19 0,51 0,74 1,07
T12 - 1,60 0,59 0,74 -
T13 - - - - -
L1 0,19 0,57 0,:18 0,38 0,21
L2 1.07 0,48 0,26 0,32 0,42
L3 1,34 0,45 0,17 0,34 0,36
L4 2,14 2,13 1,16 1,35 0,72

The t.wo Pan male spinal columns present a decrease in the
transverse process size from Tl to T3, followed ~y a 9~adual
increase to the second last thoracic vertebra (Table 9.39,
Fig. 9.59). The transverse processes of Ll in these columns
are smaller than those of the thoracic vertebrae. In the
lumbar region Za 1071 shows a decrease in size from Ll to L3
followed by a sharp increase at L4. Za 94, on the other
hand, shows a decrease from Ll to L2 followed by a sharp
increase at L4.

In the Pongo female vertebral column, the size of the trans-
verse processes decreases from Tl to T2, increases gradually
to T7 and then sharply to Tll (Table 9.39, Fig ..9.60). This
spinal column differs from the African
that the transverse processes of T.ll
the thoracic vertebrae, not those

great ape columns in
are the largest among

of Tl. In the lumbar
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region, the transverse processes of Ll are the smallest. The
size of the lumbar transverse processes increases to L2,
followed by a slight decrease to L3 and a sharp increase at
L4. The increase in size at L4 is however smaller than that
whd.cn occurs in the African great ape columns. In these ape
columns the transverse processes of L4 are the largest,
whereas Tll presents the largest transverse pr~~esses in this
Ponqo co Lumn ,

2~l.2 Transverse Process IndeX/Inferior Body Area Ratio

This ratio decreases sharply between the first t.'!t10 thoracic
vertebrae and then graduall:r to the second last thoracic
ver·tebra in the Gorilla male coLumna (Table 9.40, Fig. 9.61).
The ratios of the first three lumbar vertebrae, which present
little variation among them, are lower than in the thoracic
region. The sizes of the transverse processes of the last
J 1mbar vertebrae, in relation to the inferior body area, are
larger than those of the rest of the lumbar vertebrae.

The two Pan vertebral columns show
Gorilla columns for this ratio <Table

the same pattern as the
9.40, Fig. 9.62). In

the pongo female COlumn this ratio decreases more gradually
to the level of T6 (Table 9.40, Fig 9.63). From there it
increases gradually and slightly to Tll. The transverse
processes of the lumbar region are smaller in relat~ion to the
inferior body area t.han in the thoracic region. The ratio
for L4 is the largest in the lumbar region.
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TABLE 9.40
The Transverse Process !~deIIInferior Dody Area Ratio Values
in Individ~al sets of African and Asian Great Ape Thoracic
and LUMbar vertebrae

Vertebta Gorilili Plin Pango
Za 1312 Za 95 Za le71 Za 9,~ Za 93

f1 0,30 0,36 0,20 0,53 0,22
T2 0,26 0,Z6 0,12 0,27 0,15
T3 0,19 0,20 0,09 0,23 0,16
N 0,19 0,26 0,09 0,23 0,15
T5 0,15 0,20 0,09 0,20 0,14
T6 0,14 0,17 0,10 0,20 0,13
T7 0,12 0,14 0,09 0,20 0,14
f8 0,13 0,13 0,10 0,20 0,15
T9 0,11 0,13 0,10 0,18 0114
TID 0,12 0,12 0,08 0,15 0,16
Tll 0,11 0,14 0,08 o ,Hi 0,17
T12 - 0,15 0,08 0,14 -
TB - - - - -
L1 0,04 0,05 0,03 0,06 0,03
L2 0,05 0,04 0,02 0,05 0,05
L3 0,06 . 0,02 0,05 0,04
L~ 0,11 . 0,11 0,24 0,09

* Inferior body area unknown

3 Australopithecine Series

3.1 Present Study

3.1.1 Transverse Process Index (gtp x ltp)

sts 14 presents an
the eighth last to

increase in transverse process size from
the sixth last c.oracic vertebrae, fol-

lowed by a decrease to the next vertebra and an increase to
the fourth last thoracic vertebra (Table 9.41, Fig. 9.64).
T.he sizes of the lumbar transverse processes are smaller than
those of the thoracic vertebrae. Though the transverse pro-
cesses of L5 are broken away, an increase occurs between L4
and L6. stw 431 shows an increase in transv~rse process size
between the last two lumbar vertebrae (Table 9.41, Fig.
9.64) •
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TABLE 9.41
~be fransverse Process Index Values in Individual Sets
of A. afticanus Tboracic and Lobar Vertebrae (012)

Vertebra sts 14 stv m S!;\l 8b

Thoracic:
8th 0,32"
7th 0,36" !

6th 0,48*
5th 0,42"
4th O,~9
3rd - O,W
2nd - - .
last - -
Lu.bar:
Ll 0,22' -
L2 0,21 0,32
L3 0,35' - 0,821
L4 0,27" 0,64'
L5 . 0,75"
L6 0,38

* Only left side preserved
$ Only right side preserved
I Either L2 or L3

3.1.2 Transverse Process Index/Inferior Body Area

In relation to the inferior body areas, the sts 14 lumbar
transverse processes are smaller than those of the thoracic
vertebrae (Table 9.42, Fig., 9.65). The ratio for the last
lumbar vertebra, L6, is higher than those of the first foul:'
lumbar vertebrae, which show little variation. The only stw
431 vertebra for which a ratio can be calculated is L2 in
which the ratio value is 0,04.
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The Transverse Process Indel/Inferior
Area Ratio Values of stu 14 Tboracic
and LUlbar Vertebrae
I ...debra 8ts 14

Thoracic:
7th 0,15
6th 0,21
5th 0,16
4th 0,17
3rd
2nd.
last
~u.bar:

L1 0,06
L2 0,06
L3 0,07
L4 0,06
L5
L6 0,12

L...-.._

4 Intergroup Comparisons

4.1 Transverse Process Index <gtp x ltp)

In the thoracic region, the anthropoid apes present an in-
itial decrease in transverse process size from Tl to '1'2in
Pongo, to· T3 in Pan and to T7 or T8 in Gorilla vertebral
columns (Figs. 9.58, 9.59 and ~.60). This decrease is
followed by an increase to the second last thoracic vertebra.
The most Lmpoz-t.ant;feature in the lumbar region is the en-
larged transverse processes of the last lumbar vertebrae.

In modern human columns the size of the transverse processes
decreases from Tl to T5 followed by an increase to T9. It
differs from the pattern of the anthropoid apes in that the
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transverse processes diminish from T9 to TI0 (Fig. 9.66).
The lumba.r transverse processes enlarge gradually to rA

followed by a rapid increase in size at L5.

The size of the sts 14 thoracic transverse processes is
smaller ',hanthose in modern human and the anthropoid ape
columns, but the pattern of a gradual increas:; is in accord-
ance with that of these columns (Fig. 9.67). In the lumbar
region the increase in the size of the last australopitbecine
vertebra is smaller than in the modern human and pongid
vertebrae.

4.2 Transverse Process Index/Inferior Body Area Ratio

The values of this ratio present the same pattern of a
gradual decrease from Tl to the second last thoracic verte-
bra, followed by an increase at the last lumbar vertebra in
modern human, pongid and australopithecine vertebrae. The
only difference is that in one Pan and the Pongo spinal
columns, a slight increase occurs in the ratio values of the
lower thoracic vertebrae (Fig. 9.68).

F The Body-Pedicle Angle

1 Modern Human Series

1.1 Zulu Series

In the thoracic regions of both Zulu males and females the
pedicles are directed upwards and backwards from the body
towar~s the laminae. A sudden decrease in the angle occurs
between 'r12and Ll <Table 9.43, Fig 9.69). In the lumbar
regions, the angle decreases from Ll to L4 and increases at
L5. The pedicles of L3 and L4 are nearly horizontal in both
groups.
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Sex differences: No significant difference is found between
the body-pedicle angles of corresponding Zulu male and female
thoracic and lumbar vertebrae.

TABLB 9.43
The Hean Body-Pedicle Angle yalues of Zulu Thoracic and LUlbar vertebrae

Vertebrae Males Females
Mean tSD Range Hean tSD Range

observed observed
T1 110,1 3,25 100,0 - 117,0 111,5 2,15 109,0 - 118,0
T2 110,4 2,33 102,5 - 11.6,0 110,6 1,50 IOU - 114,0
'1'3 110,1 1,63 107,0 - 113,0 110,4 1,72 105,0 - 113,5
T4 110,2 1,61 105,0 - 113,0 110,3 1,64 105,0 - 113,0
'1'5 110,0 1,79 103,5 - 113,5 110,0 1,68 105,0 - 113,0
'1'6 110,3 1,35 107,0 - 114,0 110,1 1,45 108,0 - 113,0
'1'7 110,~ 1,30 107,5 - 112,5 HO,O 1,39 107,0 - 113,0
T8 109,6 1,78 106,5 - 114,5 109,7 1,23 107,0 - 112,0
'1'9 109,3 1,44 107,0 - 112,5 109,2 1,18 107,0 - 111,0
TIO 109,1 1,53 106,0 - 113,0 109,2 0,97 107,0 - 110,5
'1'11 108,7 1,96 106,0 - 112,5 109,4 0,94 107,0 - 110,0
T12 108,3 2,18 101,5 - 112,0 108,9 2,31 98,~ - 110,0
L1 98,9 2,61 94,0 - 104,5 100,. 2,56 94,0 - 105,0
L2 95,9 2,44 90,5 - 102,0 96,4 2,44 90,0 - 100,0
L3 93,4 2,53 87,0 - 100,0 94,0 1,73 90,0 .• 97,0
L4 92,5 1,50 91,0 - 95,0 92,7 2,00 88,0 - 96,0
L5 94,8 2,43 88,0 - 98,0 95,4 2,.04 90,0 - 98,0
- _j

1.2 Comparative Series

The results of the present study confirm for the Zulu spines
the pat.t.ern of aupeeopoa't.eri.or sJoping of the pedicles in the
thoracic region, followed by a sudden decrease in this angle
till the pedicles of L3 and L4 which are nearly horizontal,
as found by Pal and Routal (1986, 1987). These data ar0
listed in Table 9.44 and presented graphically in Fig. 9.70.

The Zulu males present highly
(P(O,OOOS) than the Indian males,
while the difference at the L4

significantly larger angles
at the levels of T8 and L1,
leuel is almost certainly
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significant (P<O,Ol).
males at the T12 and L5

The body-pedicle angles of Indian
levels are probably significantly

greater (P<O,025) than those of the Zulu males.

TABLE9.«

Tbe Mean Body-Pedicle Angle Values of Zulu and Indian Male
Thoracic and LuMbar Vertebrae

Vertebrae Zulu Indian
Present study Pal & Routal (1986, 1987)

n = 30 n;: U
--

'1'1 110,1 111
'1'2 110,4 111
'1'3 110,1
T4 110,2
T5 110,0 111
'1'6 110,3
T7 110,4
'1'8 109,6 108
'1'9 109,3 109
TI0 109,1
Tll 108,7 109
T12 108,3 110
L1 98,9 95
L2 95,9
L3 93,4 93
M 92,5 91
L5 94,8 97

2. African and Aaian Great Ape Series

2.1 Present study

In both Gorilla male columns the pedicles are directed pos-
terosuperior in the t.bozac Lc region. An initial decrease
occurs in the upper thoracic vertebrae fOllowed by a more
gradua.l decrease to L2. The angle increases at L3 and de-
creases again at L4 (Table 9.45, Fig. 9.71).

conspi.cuousfeatures of this angle in the Pan columns are an
increase from Tl to T2 and a decrease from T5 to T8 and T9 in
both columns. From this level Za 94 shows an increase in the
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body-pedicle angle from T9 to Tl0, followed by a sharp de-
crease to L4. Za 1071 presents a decrease from T9 to Tl0 and
Til followed by an increas~ to T12 and a strong decline "to L4
(Table 9.45, Fig. 9.72).

In the pongo vertebral column this angle increases from Tl to
T3 and then decreases t.o L2. An increase occurs at L3
followed by a sharp decrease at L4 <Table 9.45, Fig. 9.73).

The Body-~edicle Angle Values in Individual Sets of African
and Asian Great Ape Thoracic and Lotbar Vertebrae
r--

vertebra Garillq PaD PODgO
za 1312 Za 95 Za 1071 ~a 94 Za 93
Male Male i\ale Hale Feiale

'1'1 116,0 117,0 11.,0 113,0 111/0
1'2 117,0 117,0 115,0 116,0 112,0
'1'3 117,0 116,0 114,0 115,5 113,0
'1'4 111,0 116,0 114,0 115,0 112,0
'1'5 111,0 112,0 114,0 115,0 109,0
'1'6 110,0 111,0 11M 114,0 108,0
T1 110,0 111,0 110,0 112,0 107,0
'1'8 110,0 111,0 109,0 111,0 107,0
'1'9 109,0 110,0 109,0 111,0 106,0
'1'10 109,0 109,0 106,0 112,0 106,0
rn 109,0 108,0 106,0 111,0 105,0
T12 108,5 108,0 107,5 110,5 105,0
T13 - 107,u 106,0 109,0 -
Ll 105,5 105,0 103,0 107,5 104,0
112 104,0 104,0 103,0 105,0 102,0
L3 107,0 105,0 101,0 102,0 105,0
L4 102,0 101,0 97,5 100,5 96,0
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3 Australopithecine Series

3.1 Present study

In the preserved thoracic vertebrae of sts 14 the pedic;les
are directed backwards and upwards from the body towards the
laminae. The angle of the second last thoracic vertebra is
considerably smaller than those in the rest of the preserved
thoracic vertebrae. From this level the angle increases to
Ll and decreases to L2. Both sts 14 and stw 431 show an in-
crease in this angle from L2 to L3 followed by a decrease to
the last lumbar vertebra (Table 9.46, Fig. 9.74).

TABLE 9.46
The Body-pedicle Augle Values in
Individqal Sets of A. afriei/null
Thoracic and Lulbar Vertebrae

Vertebrae sts 14 Stw 431
Thoracic:
7th last 110
6th last 110
5th last 109

, 4th last 109,5
3rd last - 113
2nd last 163 -last 107,5 -
LUilibar:
L1 110,5 -
L2 104 102,5
L3 106 W"
L4 105,5 101"
LS 99 93~
L6 98,5

t only right side preserved
$ only left side preserved



321

4 Intergroup Comparisons

A comparison of the three series shows larger body-pedicle
angles, which indicates a larger superoposterior slope, in
the upper thoracic vertebrae of the anthropoid apes than in
modern man (Figs. 9.75 and 9.76). In the lower thoracic
region, the anthropoid ape vertebrae present ~ sharper
decline in this angle to slope less superoposteriorly than in
modern man. The difference between the angles of the last
thoracic and first lumbar vertebrae is larger in the modern
human than in the anthropoid ape columns, so that the pedi-
cles of L1 are more horizontal in modern man. In contrast to,
the decrease in body-pedicle angle between these two 'verte-
brae in modern human and arrt.hr'opoi.d ape columns, sts 14
presents an increase from the second last thoracic vertebra
to L1. In the modern human lumbar region the slope of the
pedicles declines from L1 to L4, followed by a slight incline
at L5. In the anthropoid ape series, the Gorilla and Pongo
vertebral columns
L2, followed by an
the Pan columns
a£ri~anus partial spinal columns present an incline between
L2 and L3 followed by a decline to the last lumbar vertebra.
The pedicles with the most horizontal slope in relation to
the vertebral body are thus those of the second last lumbar
vertebra in modern man and those of the last lumbar vertebrae
in anthropoid apes and in A. africanus. The general pattern
of the A. africanus graph (Fig. 9.76) seems to be closer tc
that of Pongo than to modern man.

present a decline in t:is angle from roll to
incline at L3 and a decline to L4 whereas
show a decline from Ll to L4. The A.

G. Discussion

The inferior body surface area increases from T1 to the
second last lumbar vertebra and decreases then at the last
lumbar vertebra in both the modern human (Zulu) and our small
anthropoid ape series. The increase in the inferior body
area of consecutive vertebrae is expected since the com-
pressive force increases as each vertebra bears the weight of
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all of the body above it. In keeping with this reasoning,
the last lumbar vertebra should present the greatest inferior
surface area. Yet we have found a reduction in the inferior
area for the last lumbar bodies. Such reduction suggests
that less compressive force is exerted upon the lowest lumbar
bodies than on those immediately above. Part of the total
compressive force must thus be transmitted to the pelvis (os
coxae) cranial to the inferior body surface of the last
lumbar vertebra.

Davis (1961) has studied the mode of weight transmission from
L5 to the pelvis in.modern hUman spinal columns. He con-
cludes that the decrease in body area from L4 La L5, associ-
ated with an increase in the pedicle and t.ranaverae process
size, suggests that part of the vertical compressive force is
transmitted through the strong pedinles to the neural arch,
and that part of this neural h force is transmitted
through the transverse processes anu, by inference, through
the iliolumbar ligaments to the iliac crest.

Inc!reased interest in low back pain recently has served to
spur on research into the biomechanics of the posterior
elements of the 1wnbar vertebrae. Indirect measuring methods
show that lumbar articular facet joints are capable of
transmitting compressive forces. Nachemson (1960) has
measured the int.r:·adiscalpressure, with and without the
posterior elements. He at first concluded that the faoets
were capa:bleof carrying 18 to 20% of the vertical load, but
this conclusion was later retracted (Nachemson, 1963).
Lin et ale (1978) have studied the load-bearing role of the
posterior vertebral elements of the lumbar vertebrae through
strain gauges placed on the laminae of the upper of two
vertebrae in a motion segment. The gauges recorded the
strain in the laminae. 'rhey state from their results:
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"These data reaffirm the importance of the posterior
elements and lumbar articulnr processes, which tend
to Inaintain the lumbar spine in hyperextension and
thereby to increase the loadbearing capacity".
(op.cit., p 51>

Adams and Hutton (1980) also use an indirect method to study
the role of the articular facets in resisting intervertebral
compressive forces. They use a specially designed a.ngle
plate to load lumbar segments at specific angles and conclude
that, after the intervertebral disc has been reduced in
height by a period of euat.e.Lned loading, the apophysial
joints resjst about 16% of the compressive forces in the
erect standing and thus lordotic posture. Yang and King
(1984) use an intervertebral load cell to measure load
transmitted by lumhar articalar facets indir~ctly. They
conclude that normal lumbar articular facets carry 3 to 25%
of the axial load and if a facet joint is arthritic the load
could be as high as 47%.

Louis (1983, 1985), on the basis of morphological studies on
dry skeletons, also emphasises the weight-bearing function of
t.hearticular facet joints. He has included this function of
the facets in the three-pillar spine concept for spinal sta-
bility and weight-bearing which he has propoaed. According
to this concept descending forces between C2 and L5 are
transmitteci through three pillars, arranged in a triangle.
The anterior pillar is formed by the vertebral bodies and'
intervertebral discs and the two posterior pillars by suc-
cessive articular processes. The three pillars are rein-
forced by hozLaorrt.aI bars, the pedicles and laminae. This
three-pillar concept does not however take into account the
spinal curves and the form and position of the articular
facets.

Pal and Routa~ (1986, 1987) have
hypothesis on weight transmission
column on the basis of morphological

recently developed an
through the vertebral
and mechanical features
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of the dry vertebral column. They are of the opinion that
bet.ween C2 and C7 weight is transmitted through the three
pillars post.ulated by Louis (1983, 1985); an anterior pillar
formed by the bodies and inb.;rvertebral discs, and two
posterior pillars formed by the strong bar-like articula~
facets. At C7 and below, the articular facets are incor-
porated into the laminae and do not form separate bar-like
masses as in the cervical region, but constitute one pos-
terior pillar, flattened anteroposteriorly and strengthened
in the living state, by the posterior ligamentous complex.
This two-pillar systelo,an anterior and a posterior pillar,
of weight transmission is proposed _ also for the lumbar
region, since the morphological structure of the neural arch
remains the same in the thoracic and lumbar regions (Fig.
9.77). The pedicles, where they are inclined towards the
vertical, play an important role in the transfer of load
between the posterior and anterior pillars. Pal and Routal
(1986) are also of the opinion that the anteriorly convex
curves of the cervical and the lumbar regions tend to
increase the load which is carried by the posterior pillar,
whereas the anteriorly concave thoracic curve tends to
concentrate the load in the anterior pillar.

The present study uses t~e studies of Pal and Routal (1986,
1987) as a basis for a comparative study, to determine if the
dimensions of the thoracic and lumbar vertebrae of anthropoid
apes and of the australopithecines reflect the same weight-
bearing system as those of modern man.

In the axis (C2) Pal and Routal (1986) find a significant
correlation between t.he areas of the superior articular
surfaces, on one hand I and the total area of the body and of
the two inferior articular facets, on the other hand. This
indicates that the compressive force exerted on the superior
articular surfaces is transferred to the inferior body
surface and the inferior articular facets. The mechanism
they describe is that weight from the atlas passes to the two
superior articular facets of the axis. On each side this
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A B c

Fig. 9.77 DiagralDatic Representation of the Positions of t~e Weight Bearing Pillara in
the Cervical (AJ, Thoracic (B) and Lumbar Ie) Re~ion8
(after Pal and Ronta!, 1986)
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compressive force resolves into t.wocomponents; one acts
downwards and medially to the inferior surface of the body

and the other downwards, backwards and laterally, through the,
strong and inclined pedicles to the inferior articular
facets. The load is thus carried downwards to c6 in three
pillars. The surface areas indicate that appro~imately 54%
of the compressive force applied on the superior articular
surfaces is transmitted through the vertebral bodies and
approximately 46% through the inferior atticular facets. The
strong bar-like articular facets form two strong pillars,
situated wide apart, posterolateral to the bodies. Thes~
pillars corroborate thi~ high percentage of compressive force
which, it is suggested, is carried by them.

Below c7 the two strong bar-like articular facets are incor-
porated into the laminae to form one posterior pillar of
successive articulations of laminae at their articular
facets. The mechanism of weight transmission which is
described by Pal and Routal (1986, 1987) is that compressive
forces which act on the superior articular facets of thoracic
and lumbar vertebrae will diffuse on to the laminae before
pa8sing through the inferior articular facets. Hence, the
compressive force transmitted through the inferior articular
face·t.sof a vertebra should be the same as that transmitted
through the cross-sectional area of the laminae. Pal and
Routal (1986) find a decrease in inferior articular facet
area from C7 to T1 which suggests that part of the load
received from the posterior pillars of C7 is transferred to
the anterior pillar. The strong pedicles of T1 and T2 which
are inclined downward and forward from the laminae to the
body provide supporting evidence for such a transfer~

The results of the present study, on the inferior body area,
the pedicle size, the lamina size, the arch index and the
body-pedicle angle in Zulu thoracic and lumbar vertebrae,
corroborate the tendencies which emerge from Pal's and
Routal's (1986, 1937) results for modern human (Indian)
vertebrae.
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In the thoracic region of the Zulu spines the inferior body
surface area
indicates a

increases gradually from Tl t.o T12. This
gr~dual increase in weight transmission by the

anterior pil'~r ~rom above downwards. The cross-sectional
area of the laminae decreases from T1 to T5 or T6. The
larger laminae of the uppermost thoracic vertebrae indicate
that they transmit a greater load than the laminae of the
midthoracic vertebrae. Part of the initial weight received
by Tl must thus be transferred to the anterior pillar formed
by the vertebral bodies. The posterior elements of T1
receive the weight transmitted t.hr cuqh the cervical region
via the inferior articular facets of C7 plus the additional
weight transmitted by the first ribs. These ribs would be
expected to transmit more weight than the remaining ribs, due
to their close association with the appendicular skeleton of
the upper li~b. Based on the decrease in lamina size,the
strong and vertically inclined pedicles and the change in
direction of the spinal curvature, Pal and Routal (1987)
suggest that most of the load through the laminae of T1 is
transmitted to the laminae of T2 and T3 from where a large
part of this load is transmitted to the anterior pillar. The
decrease in the size of the upper thoracic transverse
processes found in the present study underlines the increased
load which is transmitted to T1 via the first ribs.

The lamina area increases from T5 or T6 to T10. If the
decrease in the load transmitted through the upper thoracic
laminae is kept in mind, this increase points to the laminae
receiving additional weight from another source. The present
study shows an increase in the size of the transverse
processes of T5 to T9: this confirms Pal's and Routal's
(1987) hypothesis that the lower ribs may transfer more
weight to the lower thoracic vertebrae than the middle ribs
do. At this level (between T5 and T10), the only difference
uccurs between the trend shown by the index values and that
shown by the index/inferior body area ratios. The lamina and
the &rch index values show an increase, while the lamina
inde~!inferior body area and the arch index/inferior body
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area ratios decrease. It seems thus that, though the laminae
increase gradually from T5 to T10, additional load is
transmitted through the vertebral bodies. In association
with the increase in the pedicle size and the pedicle
index/inferior area ratios in this region, it seems as if
most of ~....he additional weight from the ribs is traIL... ed to
the vertebral bodies. The mechanism of weight transfer
duggested by Pal and Routal (1987) is that the wejght ~s
received from the ribs via the costotransverse articulation
and transmitted through the laminae and articular facets to
the next vertebra. Here the strong, inclined pedicles
transfer part of the weight to the vertebral body.

In the modern human (Zulu) spines, the lamina index values
decrease from T9 or T10 to L1. This would indicate that the
laminae of T11 and T12 transmit less weight than those of the
preceding vertebrae. The laminae of T11 and T12 do not
receive additional weight from the last two ribs which are
rudimentary and do not articulate with the transverse
processes. In addition the decreases in pedicle index values
from Til or T12 to L2, and in the pedicle index/inferior body
area ratio from T11 or T12 to L1 or L2, indicate that less
weight is transferred to the anterior pillar, although the
inclination of the pedicles indicates that part of the
posterior pillar load can still be transferred to the
anterior pillar.

In the lumbar region the lamina index and the lamina index/
inferior body area increase gradually from L1 to L3 followed
by a sharp increase at L4 and L5. Apart from the additional
segmental load which is added at each level, the gradual
increase in the first three lumbar vertebrae seems to reflect
the downward transmission of weight received from the laminae
of T12. This is corroborated by the weak and horizontal
pedicles which do not enhance weight transfer between the two
pillars.
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The large increase in the lamina size of L4 is accompanied by
strong pedicles and by an increase in the inferior body area.
This increase is however smaller than the increase in the
inferior area of L3. At the level of L5 the inferior body
area decreases in relation to that of L4. This decrease is
accompanied by a large increase in pedicle, lamina an1 trans-
verse process size. In both L4 and L5 the dimensions of the
posterior elements suggest that weight is transferred from
the anterior to the posterior pillar, moderately in rA hut.
markedly in L5. The inclination of the pedicles is almost
horizontal, but, due to the inclined position of the L5
vertebral body, the pedicle inclination is increased. Load
through these inclined pedicles should however pass upwards
opposite to the direction of inclination. Pal and Routal
(1987) use the following principle to explain the mechanism
of weight transfer between the anterior and posterior pillars
at this level:

"In an inclined beam which is connecting the two
columns load will only pass towards gravity. But if
such a. beam is free towards its lower end it will
transmit the load even against gravityfl.
(op.<;:it.p 102)

If the body and pedicles of L5 are considered to ff )n an
inclined beam which is free at the lower end.and is fixed
posteriorly at the lumbosacral articular facets, part of the
load received by the body will be transferred, according to
this principle, upwards against gravity, through the Ltrong
pedicles to the laminae of L5 (Fig. 9.78).

Pal and Rautal (1987) do not mention the increase in the size
of the L5 transverse processes reported by Davis (1961) and
observed in the present study. Davis (1961) finds that the
smaller the body area of L5 in relation to L4, the bigger the
size of L5 pedicles relative to those of L4. This would
suggest that part of the vertical compressive force is trans-
mitted to the pelvis via the neural arch. The same signifi-
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Fig. g.78 The Inclined position in L5 of Modern Man ond the Resolution of the Vertical
Downward ~vrce (after Davis, 1961)



332

cant inverse relationship is found ~:~tween the transverse
process size and tne inferior area of L5 relative to L4. He
suggests that, in modern man, the nOl'lT'1\llumbar lordosis
present in the upright posture places the dL,,' surfaces at an
angle to the vertical, so that the compressive force from
above can be resolved into t,,~ocompone rrt.s(Pig. 9~78). One
component, acting obliquely downwards and backwards, is
supported by the vertebral bodies. The other component acts
forwards and tends to slide L5 forwards into the pelvis.
This tendency is resisted by the lumbar and Lumboaacr.a l
articular facets and by the iliolumbar ligaments which pass
obliquely forwards from the ".:.ransversepz-oceas-e s to the iliac
crests. The significant inverse relationship between the
pedicle size and inferior area of L5 reLat.Lve to L4 supports
his view that in the human spine the nE~r:Lralarch. is responsi-
ble for transmission of part of the vertebral compressive
forc_e from the .y~rtebral column to the pelvis. The similar
relationship in the size of the transverse processes found in
this study suggests that part of this neural arch trans-
mission is carried through the transverse processes and thus,
by inference, through the iliolumbar ligaments.

'rheauthor is thus of the opinion that the principle proposed
by Pal and Routal (1987) to explain the transfer of weight
through the pedicles of L5 applies also to the transverse
processes and iliolumbar ligaments. The so-called anterior
iliolumbar ligament, is described by Bogduk and Twomey (1987)
as forming a thick bundle beyond the tip of the transverse
process of L5 which passes posterolaterally, in line with the
long axis of the transverse process, to attach to the iliac
cl'est. If the body'and the transverse process, which spreads
its base forward on to the body, and the anterior iliolumbar
ligament of L5 are considered to form an inclined beam which
is free at ·thelower end and is fixed posteriorly at the
ilium, part of the load received by the vertebral body will
be transferred upwards through the strong transverse pro-
cesses and the iliolwnbar ligaments to the ilium. It is thus
suggested that both the laminae and the transverse processes
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take part in the transmission of part of the load transferred
from the anterior pillar, though the laminae may carry a
larger percentage.

Before t.he results of a comparison between modern human and
the African and Asian great ape spinal columns are discussed,
it must again be emphasized that in the present study only
five anthropoid ape vertebral columns have been available for
mensuration. The results must thus be regarded as highly
tentative.

T.heinferior body surface area, in pongids as in modern man,
increases from the first thoracic to the second last lumbar
vertebra, followed by a decrease at the last lumbar vertebra.
In the thoracic region the lamina index values of the apes
present the same pattern as modern human vertebrae. These
values decrease from the upper to the middle, followed by an
increase in the lower, and a decrease in the last two or
three thoracic vertebrae. The lamina index/inferior body
area ratio, as in modern man, differs from the lamina index
in that this ratio decreases from the first to the last tho-
racic vertebra. The pedicle size tends to decrease from Tl
to ± T5 and then to increase to Ll or L2. These data present
thus the same tendencies as modern man up to TIO. The mech-
anisms of weight transmission downwards and of load transfer
between the anterior and posterior pilIaTs in this region of
anthropoid ape spinal columns thus probably correspond with
those dencribed for modern hUman columns.

In the last two or th.r-eethoracic vertebrae the pedicle size
of apes differs from that of i·,.')dernhumane , In modern man
the pedicle size decrea~es from TIl or T12 to L2, whereas
this size increases t.oLl or L2 in the pongid spinal columns.
Associated with the increase in pedicle si~e are an increase
in the transverse proceSiS size and a decrease in lamina size,
dOWfi to the second last thoracic vertebra of the pongids. In
all five ape spinal columns, the second last ribs still ar-
ticulate with"the transverse processes and thus transfer load
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to it. The laminae do not however increase, which may in-
dicate that more weight is transferred to the anterior pillar
through the strong inclined pedicles than is received by the
transverse processes.

The results for the lumbar region diffel'considerably between
the ape series an~ modern man. Whereas the lamina size
increases from Ll to L5 in modern man, in all five spines of
anthropoid apes a decrease occurs from Ll to L3, while in
three of the five columns a further decrease occurs at L4. In
the other two ape columns a slight increase occurs at L4.
Though the pattern which is presented by the pedicle size in
the apes is not
increase down to
increase at L4.
which indicates

very clear, the general trenLo.I:leemsto be an
L2, followed by a decz-ea se at L3 and an
'thearch index also decrl~ase~ 'I +:.0 L4'.

that the posterior pillar ;la, t.he
downwards. with the vertebr,"\~ ~um1).in the

.
anterior pillar
cbLi.que position, the pedicles represent. inclined beams
between the anterior and ,r.Josteriorpillars snd load is thus
transferred from posterior to anterior by graviTY.

At the level of the last lumbar vertebra both the body area
and the lamina size in the apes decrease, in contrast to the
increase in lamina size of the last modern hu.man lumbar
vertebra. In associat~on with these decreases in the pongid
series. the pedicle index and the transverse process size
increase in the last lumbar vertebra. In relation to the
decreased body area of this vertebra these dimensions also
show an increase. In modern man}:art of the vertical com-
pressive force is thought to be transmitted to the posterior
arch via the strong pedicles. This force is transferred
partly to the sacrum throngh ·the articular facet :iointsand
partly to the pelvis via
the iliolumbar ligaments.
evident that the laminae

the strong transverse processes and
From the data on the pong ids it is

do not transmit additional load at
this Leve L, It seems thus that a different mechanism of
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weight transfer to the pelvis characterizes the apes: the
major mechanism for weight transfer would seem to involve
enlarged transverse processes of the last lumbar vertebra.

The pongid vertebral columns do not present a lumbar lordosis
and therefore the abrupt change in direction between the last
lumbar vertebra and the sacrum which occurs in modern man, is
not present. The last two lumbar vertebrae lie embedded
between the supero-inferiorly elongated iliac bones.
Recently, an opportunity has arisen for the author to dissect
the iliolumbar ligamelts of a female Gorilla. It has been
found that these ligaments consist of an upper horizontal
ligament between the transverse process of the second last
lumbar vertebra and the inner lip of the crest of the ilium
and a lower fan-shaped ligament which radiates from the
transverse process of the last lumbar vertebra to the inner
lip of the crest and the inner surface of the ilium (Fig.
9.79). The fibres of these ligaments and those of the sacro-
iliac ligament below are continuous to form a virtually
single functional unit judged by appearance. These results
correspond with the description of the iliolumbar ligaments
in Pan (Sonntag, 1923) and in rhesus monkeys (Pun et al.,
1987) •

The decreape in inferior body area of L4 in our pongid spines
suggests that part of the weight received from above does not
reach the sacrum through the inferior surface of the body.
The enlarged pedicles suggest transfer of weight, but not to
the posterior pillar (the laminae), as in modern man, since
the lamina size decreases and the lamina size/inferior body
area ratio also shows no increase. The transverse processes
of the last lumbar vertebrae show tremendous increases in
most of the pongid columns. From these results and the
presence of strong iliolumbar Li.qamerrt.a which attach the last
lumbar vertebra~ to the ilia in much the same manner as the
sacrum, it is suggested that part of the weight receiv d by
the vertebral body of L4 is transferred to 'thepelvis via the
enlarged transverse processes and the iliolumbar ligaments.
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Fig. 9.79 Observed Iliolumbar LigaJents in a Dissected cerill« Female
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The relation between the iliolumbar ligaments and the upright
posture has been stressed in recent studies. Pun et ala
(1987) compare rats, rabbits, dogs and rhesus l.Ionkeysand
show that only the latter, which are able to sit in an up-
right po~ition, possess iliolumbar ligaments. Luk et ale
(1986) find that the iliolumbar ligament is not present in
modern man at birth. It develops gradually froIDmetaplasia
of muscle fibres of the quadratus lumborum muscle into col-
lagen fibres during the first two decades of life. Both
these studies suggest that the development of the iliolumbar
ligament is directly related to stress created across the
1umboaacraI junction when the erect posture is assumed.

A comparison of the A. a£ricanus results with those of the
modern human and pongid vertebral columns shows that the same
tendencies, and thus presumably the same weight-bearing mech-
anism, occur in the middle thoracic region of all three
groups.

At the thoracolumbar junctional area the pedicle size of sts
14 increases from the second last thoracic vertebra to L1.
This increase resembles the pattern presented by the anthro-
poid apes. Modern human columns, on the other hand, show a
dec~ease in pedicle size from T1l to L2. In relation to the
inferior body area, the pedicle sizes of sts 14 vertebrae
show a sharp decrease from the last thoracic vertebra to Ll.
This decrease closely resembles the tendency in modern human
vertebrae at this level. The increase in the pongid pedicle
sizes down to L2 suggests that, in the thoracolumbar june·-
tional area, of the load transmitted through the posterior
pillar, a larger part is transferred to the anterior pillar
in pongid columns than in sts 14 and in modern human columns.

In the upper lumbar region, the inferior body areas of stw
431 vertebrae increase ft'om Ll to L3. Unfortunately the
inferior body areas of the last two lumbar v'ertebrae of stw
431 are not available. sts 14 shows a slight decrease from
L1 to L2 foLl owed by an increase at L3. Relative to the body
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area, the lamina sizes of L1 and L2 of sts 14 are equalr
followed by a slight increase at L3, while the pedicle size
decreases from L1 to L2 and L3, the latter two of which have
equal values. These data indicate that no transfer of weight
occurs from the posterior to the anterior pillar in SLS 14 at
L1 to L3. Each pillar thus transmits the load from the ver-
tebrae above, plus the segmental load which is added at each
level and seems to influence the anterior pillar to a greater
degree in sts 1~. The mechanism of weight transmission at
the level of the upper lumbar ve.rt.ebrae of sts 14 is thus in
accordance with the mechanism found in modern human columns.

At the level of L4 in sts 14 a slight decrease in inferior
body area and lamina size occurs, while the pedicle sizes of
L3 and L4 are equal. Relative to the inferior body area~ the
lamina size, the pedicle size and the transverse process size
present equal ratio values from Ll and L4. Although the
author is able to offer no explanation for the apparent
slight decrease in both the anterior and posterior pillars in
stF 14, it seems that very ltttle if any weight transfer
occurs through the pedicles or transverse processes.

In the last .t~o lumbar vertebrae of sts 14 the inferior body
area decreases. In modern human and.ape spinal co~umns a
aecrease is found only in the last Lumha r vertebra. Associ-
ated with this decrease in body area in sts 14, the lamina
index increases from L1 to L5. An Lncreaae is expected also
in L6, as ~!uggestedby the reconstructE~d Lamanae , The lamina
index/infel.:iorbody area ratio also shows an increase from L1
to L5. An increase is expected also in L6. The pedicle
index and pedicle index/inferior body area ratio in sts 14
also present an increase from L3 to L6. It seems thus as if
weight is tranSferred from the vertebral bodies <anterior
pillar) to the laminae (posterior pillar).

It is interesting to note that, in the last two lumbar
vertebrae, apart from the values of the inferior body areas,
the data for sts 14 are the same as for L4 and L5 in modern
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hUman spinal columns. The same mechanism of weight transfer
from the anterior pillar to the posterior pillar, as in
modern human columns, may thus be inferred for A. africanus.

The strong decrease in the inferior body areas of the last
two lumbar vertebrae of sts 14 implies that this transfer of
weight, from the anterior to the posterior pillar, starts
already in the second last lumbar vertebra.

In the last lumbar vertebra of modern human spinal columns,
the transfer of weight from the anterior to the posterior
pillar, in an 'antigravity' direction through the pedicles,
is possible because of the inclined position of the body of
L5. If weight is transferred from the anterior to the pos-
terior pillar to a marked extent in the last two lumbar ver-
tebrae of sts 14, it may reasonably be inferred that both of
these vertebrae were most likely carried in an inclined posi-

probably situated
angle relative to
between the la8t

lumbar vertebra and the sacrum present in modern human verte-
bral columns (Fig. 9.78), sts 14 seems to have presented a
more gradual transition through a more gently curved lower
lumbar region.

tioh (Fig. 9.80) • In other words, L5 was
at an angle l"'elativeto L6, and L6 at an
the sacrum. Instead of the abrupt angle

In the previous chapter it was recorded that both of the last
two lumbar vertebrae of sts 14 are markedly wedge-~haped:
this observation would seem to support this hypothesis.

Unfortunately, the transverse processes of the second last
lumbar vertebra of Sts 14 are broken. Whereas; the transverse
processes of the modern human second last lumbar vertebra
show a slight decrease in cross-sectional orea, an increase
would be expected in sts 14,since a decrease in the inferior
body area is associated with an increase in lamin.asize. The
attachment of a more rostral part of the iliolumbar ligament
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Fig. 9,80 Proposed Inclined Position of the Last Two LUIDbar Vertebrae of sts 14
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t.othe transverse proCesses of the second last lumbar verte-
bra (L5) may have helped prevent the anterior slipping (or
spondylolisthesis) of the inclined second last lumbar verte-
bra of sts 14.

To confirm whether or not the presence of the "extra" lumbar
vertebra in Sts 14 is the reason for th~s proposed more
gradually curved lower lumbar region, the inferior body areas
of the lumbar vertebrae of six Zulu male spinal columns with
six lumbar vertebrae each have been calculated. In these
columns a decrease in the inferior body area occurs only at
\:;'11 last lumhar vertebra.

In stw 431, the second last lumbar vertebra is of equal an-
terior and posterior vertical heights, while the last lumbar
vertebra is anteriorly wedge-sha~ed. Unfortunately, the
inferior vertebral body areas of these two lumbar vertebrae
are not available. It is thus not known whether an A.
africanus vertebral column with only five lumbar vertebrae
would have presented the same, less marked, elongated curva-
ture due to the inclination of the last two lumbar vertebrae
as sts 14. The only indirect evidence available is the pedi-
cle size of the last three lumbar vartebrae of stw 431 which
increase sharply, much in t.hema.nner of modern human pedicle
sizes and c.c'preciablymore .rapidly than those of sts 140

The mechanism of weight transfer between the last lumbar
vertebra and the pelvis aeems to be the aame in Sts 14 and in
modern human spinal columns. The decrease in info 'r body
area is associated with an Lncz-eaae in the Bddicle' . ;'the
lamina index, the transverse process index and. the arch
index~ Relative to the inferior body area these index yalues
also show an increase. Weight is transferred from the last
lumbar vertebral body to the posterior arch. Part of this
neural arch transmission is car~1bd through the laminae and
inferior articular facets, whil~ ~ is carried through the
transverse processes and, by inference, through the ilio-
1umbar 1igalnents•
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H. Summary and Conclusion

1. The metrical trends al.own by Zulu vertebral columns are
simil~r to those of Indian spines (Pal and Rnutal, 1986,
1987) •

2. In the thoracic regi~:m the transverse process Lndex and
transverse process index/inferior body area ratio con-
firm for the Zulu spine the mechanisms of weight trans-
fer between the anterior and posterior pillars suggested
by Pal and Routal (1987).

3. In the thoracic region, down to the level of T10, the
trends presented by the lamina, pedicle, transverse
process and arch indices and by the ratios of these
individual values to the inferior body areas suggest that
at thir; level human and pongid vert.ebraI columns are
adapted ~o the same mechanisms of weight transmission
downwards and of weight transfer between the anterior and
posterior pillars of the spinal columns.

4. The apes differ from the two hominid groups in the
thoracolumbar junctional area, in that weight is trans-
ferred from the posterior to the anterior pillar through
the str.ongly inclined pedicles. Such transf.er is asso-
ciated with a decrease .in pongid lamina size in this
region.

5. In the lumbar region the laminae of apes decrease in size
froInLl to L4, while those of modez-n man and of St.s14
present an increase. More weight is thus transmitted
through the posterior pillar in the two hominid groups.
This may be associated with the lordotic curve which in
these hominids tends to transmit more load to the pos-
terior pillar.
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6. At the last lumbar vertebra in modern human spinal
columns, a decrease in inferior body area is associated
with an indrease in pedicle size, in lamina area, in
transverse prOdess size and in the arch index. At this
level the ape spinal columns show an increase in the
pedidle and transverse process sizes, but a decrease in
the lamina size and in the arch index. The mechanism of
weight transfer to the pelvis thus differs between the
two groups. In the modern human columns, part of the
weight received by the vertebral body of L5 is trans-
ferred to the neural ardh. The increased sizes of the
transverse processes and the laminae sugg~st that part of
this neural arch transmission is transferred to the
pelvis through the ~f.,aminaeand part through the trans-
verse processes and the iliolumbar ligaments. In the ape
spinal columns, part of the weight received by th~ body
of the last lumbar vertebra is thought to be transferred
to the ilia through the transverse processes and the
iliolumbar ligaments, but not through the laminae. The
absence of a lordotic curve and the enclosure of the last
two lumbar vertebrae between the ilia are thought to play

a role in the increased transfer through the transverse
processes.

7. The last iumbar vertebra of Sts l~.presen't.sthe same
metrical 2eatures as those of modern human vertebral
coIumnc , This suggests the same mechanism of weight
transfer to the pelvis at t.hat;level. However, the
transmission of load through the lu~bar region differs
from that of modern man, in that in Sts 14 the i""ferior
area of L4 decreases slightly, followed by a more defi-
nite decrease in the last two lumbar vertebrae. Frorethe
increasing pedicle and lamina size, it is suggested that
part of the weight received by the vertebral bodies of
the last two lumbar vertebrae is transferred to the
neurul arch. It is found that both these ver"'""brae.ar-e
anteriorly wedge-shaped. Accordingly the author proposes
that in sts 14 L5 might have been situated at an angle
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relative to L6, and L6 at an angle relative to the
sacrum. These results suggest that sts 14 displayed a
more gradually curved lower lumbar region and a less
abrupt lumbosac:raltransition than obtains in modern man.
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CHAPTER 10

GENERAL CONCLUSIONS

Contents of Chapter:

A. Differences between African and Asian Great Apes

B. Differences between African and Asian Great Apes and
Modern Man
1. Numerical Traits
2. Other Non-Metrical and Metrical Traits
3. Weight-bearing Mechanism

c. The Posture of Austral~pithecus

D. The Weight-bearing Mechanism of A. africanus

A. Differences between African and Asia.nGreat Apes

The outstanding difference between A~rican and Asian great
ape vertebral columns is the modal number of presacral ver-
tebrae (PSV). Phylogenetically shortening of the vertebral
column by evolutionary migration of the pelvis in a cephalic
direction has gone dist~nct)y Zurther in th~ Asian than in
African great apes. Pango vertebral columns present a modal
number of 23 PSV with almost equal (no significant differ-
ence) tendencies towards lengthening and shortening. The
African and Asian great ape vertebral columns) on the other
hand, show a modal number of 24 PSV with 2. significantly
greater tendency towards shortening than lengthening.
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In the thoracic region Pongo vertebral columns present a
modal number of twelve thoracic vertebrae in contrast with
the modal number of thirteen thoracic vertebrae in African
great ape columns. The frequencies of variation in the
numbers of thoracic vertebrae show a tendency to an increased
number of fourteen thoracic vertebrae in Pan columns while
Gorilla columns present an almost equal distribution of the
plus- and minus-variants. Pongo vertebral columns, on the
other hand, present a tendency towards a decreased number of
eleven thoracic vertebrae.

The numbers of lumbar vertebrae 'range between three and five
with four the modal number in both African and Asian great
ape vertebral columns. The frequencies of the specific vari-
ants show a strong tendency towardA shortening of African
great ape lumbar region. Pongo presents a greater, though
not significantly so, incidence of five than of three lumbar
vert~brae. This apomorp~'- trend to shortening seems to link
the African apes, Gor.illa anc,Pan, closer together.

B. Differences bet\geen African and Asian Great Apes and
Modern Man

1. Numerical Traits

The modal number of PSV suggests a closer relationship
between modern man (24 PSV) and the African great apes (14
PSV) than betl",eenmodern man and Pongo (23 PSV). Gorilla and
Pan, however, show a higher t.endencyto departures from the
mode than Homo sapiens. In the frequencies of variations of
the number3 of PSV and of the numbers of lumbar vertebrae,
modern man shows greater tendencies to lengthening in
contrast with Patl and Go.rilla which tend to shorten both the
ve:ttebral column and the lumbar region. Pall, however has a
definitely stronger t.endency to 25 PSV t.hanGorilla.
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Phylogenetically shortening of the vertebral column thus has
gone distinctly futther in Pongo than in African great apes
and in modern man. It corroborates the current opinion on
the cJ.adistic relationships of the living apes and modern man
as shown by morphological and molecular studies (Andrews and
Cronin, 1982). The evolution of hominoids involved first the
divergence of the gibbons, followed by the orang-utans,
followed by a split between hominids, chimpanzees and
gorillas. Evidence as to the order of the last divergence is
at present equivocal. The higher frequency of 25 PSV in Pan
than in Gorilla vertebral columns, supports evidence from the
amino acid sequence data which hints at the possibility that
Pan is more closely related to Homo than to Gorilla.

2. other Non~metrical and Metrical Traits

The general vertical vertebral index values of modern human
lumbar regions indicate moderately good bony adaptation to an
anteriorly conve'" lumbar curve (lordosis). In contrast the
Gorilla and the Pan columns present good bony adaptation to
an anteriorly concave lumbar region.

Differences in the morphology of the articular facets of
modern human and anthropoid ape lumbar vertebrae are closely
associated with the difference in curvature. In modern man
th(~ lumbar superior articular facets face progressively more
backwards from the first to the last lumbar vertebra. The
lower lumbar vertebrae tend to be anteriorly displaced in the
anteriorly convex lumbar region due to their oblique posi-
tions. The more backwardly orientated articular facets of
these vertebrae are effective in the resistance to anterior
displacement. In contrast, the pongid lumbar superio~
articular facets face progressively more medially from the
first t.othe last lumbar vertebra. The t~ndency to anter.l.or
displacement of the lower lumbar vert~brae is considerably
less in the pcrrq.i.d ant.erLo.rly concave lumbar region, The
last two lumbar vertebrae are furthermore embedded between
the supero-inferiorly elongated ilia to which they are
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attached by strong iliolumbar ligaments in much the sarne
manner as the sacrum. This strong arrangement resists the
possible tendency of forward displacement of the last two
lumbar vertebrae due to the oblique posture of the vertebral
column and thus reduces the need for backward facing lower
lumbar superior articular facets.

The configuration of the lumbar articular facets when viewed
from behind shows that the inferior articular facets of the
modern human last lumbar vertebra are placed as widely or
even more widely apart as the superior articular facets. In
contrast, it is found that the inferior articular facets tend
to be placed nearer to each other than the superior articular
facets in the pongid last lumbar vertebra. The modern human
facets are probably placed further apart to carry a larger
part of the vertical load, as part of the load carried by the
vertebral bodies is transferred to the laminae of L5 due to
the oblique position of this vertebra in the lordosis
(discussed under the next heading).

3. Weight-bearing Mechanism

The results of the present study on the inferior vertebral
body area, the pedicle size, the lamina size, the arch index
and the body-pedicle angle in zulu thoracic and lumbar
vertebrae corroborate the tendmncies which emerge from Pal's
and Routal's (1986, 1987) r~sults for modern human (Indian)
vertebrae. The transverse process size corroborates some of
their explanations of weight transfer to the pelvis. It thus
agrees with the mechanism of weight tralJsmission through the
vertebral column proposed by them, except at the level of LS.
In essence two weightbearing pillars, an anterior formed by
the vertebral bodies and a posterior formed by the laminae
and articular facets are proposed, with the pedicles playing
an important rale in the transfer of load between the
pillars.
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The pongid thoracic regions present the same tendencies as
modern man between Tl and TiO. This suggests the same mode
of weight transmission through this region in pongid and
modern human vertebral columns. The posterior eleinents of Ti
receive the weight transmitted through the cervical region
(Pal and Routal, 1986) via the inferior articular facets of
c7 plus the additional weight transmitted by the first ribs.
Between Tl and Tl0 additional weight re~eived from the ribs
is transmitted through the laminae and inferior articular
facets of the receiving vertebra to the next. Here the
strong, inclined pedicles transfer part of the weight to the
vertebral body.

The pongid last two or three thoracic vertebrae present an
increase in pedicle size in contrast with the decrease shown
by modern human vertebrae. This increase in pedicle size is
associated with an increase in the transverse process size
and a decrease in lamina size, down to the se~ond last
thoracic vertebra. It is found that, in contrast with modern
man, the se~ond last ribs still articulate with the trans-
verse processes in all five pongid spinal columns and thus
transfer load to it. This weight is transferred to the
ant~tior pillar through the strong inclined pedicles of the
last thoracic and first lumbar vertebrae.

The results of the lumbar region
the ape series and modern man.

differ considerably between

three lumbar vertebrae modern
In a comparison of the upper

man shows an increase in the
anterior pillar size, the posterior pillar size and the
dista~ce between the two pillars. These resulta seem to
reflect th~ downward transmissi'on of \'leightreceived from T12
and the additional segmental load added at each level in the
two pillars with no weight transfer between them as indicated
by the relatively weak and horizontal psdioles. The pongid
columns, on the other hand, present an inorease in the an-
terior pillar and pedi~le sizes of Ll to L3 associated with
decreases in the posterior pillar sizes and the distance
between the pillars. It is suggested that the pedicles re-
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present inclined beams between the anterior and posterior
pillars due to the oblique position of the pongid vertebral
columns and that load is thus transferred from the posterior
to the anterior pillar by gravity.

The large increase in the lamina size of L4 in modern man is
accompanied by a small increase in the inferior body area and
strong pedicles. The dimensions of the posterior elements
suggest moderate transfer of weight from the anterior to the
posterior pillar.

At the level of the last lumbar vertebra both pongid and
modern man present a decrease in the infeJriorvertebral body
area. In modern man this decrease in the anterior pillar is
accompanied by marked increases in the lamina size, in the
pedicle size, in the size of the transverse processes and in
the distance between the two pillars (arch index). Pal's and
Routal's (19B7} proposed mechanism of weight transfer to the
pelvis is supported. It states that if the body and pedicles
of L5 are considered to form an inclined beam which is free
at the lower end and it is fixed posteriorly at the lumbo-
sacral articular facets, part of the load received will be
transferred upwards against gravity, through the strongly
inclined pedicles to the laminae. It is however suggested
that part of the load to the posterior pillar is transferred
'cothe pelvis via the strong transverse processes and, by
inference ~hrough the iliolumbar ligaments as proposed by
Davis (1961).

The decrease in the inferior body area of the last lumbar
vertebrae of the pongid vertebral columns is associated with
decreases in the lamina size and the distance between the two
pillars and by marked increases in the pedicle and transverse
process sizes. The oblique pongid vertebral columns do not
present a lumbar lordosis and therefore the abrupt change in
direction between the last lumbar vertebra and the sacrum
which occurs in modern man, is not present. Instead, the
last two lumbar vertebrae lie embedded between the supero-
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inferiorly elongated iliac bones and strong iliolumbar liga-
ments attach the last lumbar vertebra to the ilia in much the
same manner as the sacrum. The results associated with this
morphology suggest that part of the weight received by the
vertebral body of L4 is transferred to the pelvis via the
enlarged transverse processes and the strong iliolumbar liga-
ments.

To su~~arise it may be said that load is transferred from the
posterior to the anterior pillar in both modern human and
pongid thoracic regions where the curvature is anteriorly
concave. In the modern human lumbar region where the
curvature is concave posteriorly, the load is transferred
from the anterior to the posterior pillar and to the trans-
verae r·rocesses in L5. Pongid lumbar regions present anteri-
orly concave curvatures and load is seen to be transferred
from the posterior to the anterior pillar in the upper three
vertebrae. In the la,st lumbar vertebra which is embedded
between the supero-inferiorly elongated ilia, weight is
transferred from the anterior pillar to the transverse
processes.

c. The Posture of Australopithecus

The general vertical index values indicate good bony adap't.a+
tion to an ~nteriorly convex lumbar curve in sts 14 (between
L2 and L6), an A. a£ricanus female partial vertebral column.
Moderate ·togood bony adaptation to an anteriorly convex
lumbar region is expr'esaed by stw 431, an A. a£ricanus male,
partial column. These results corr.espond with those of
modern human male and female vertebral columna. The curva-
ture, orientation and configuration of the lumbar articular
facets correspond with those of the modern human lumbar
articular facets. The lumbar superior articular facets are
less curved, and face Q!'ogressively more b~ckwards than
medialwards from the first to the last lumbar vertebra. Less
curved superior articular facets probably allow a greater
possibility of rotation, while the more backwards facing
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facets of the lower lumbar vertebrae resist forward displace-
ment of these obliquely placed vertebrae in a lordosis more
effectively. The presence of the same tendencies of these
features in the A. africanus superior articular facets as in
modern man, suggests that these vertebrae suffered the sc~e

stresses as do modern human vertebrae, in a lumbar lordosis.

The articular facets of the A. africanus last lumbar verte-
brae seem to be placed wide apart so as to form a rectangle
with its long sides horizontal, when viewed from behind.
This corresponds with the configuration of the articular
facets of a modern hUman last lumbar vertebra and is in
contrast with the trapezium with its base narrower than its
top shown by the pongid vertrbral columns. It is thought
th?~ the m ~e widely placed inferior articular facets in A.
africanus, as in modern man, carry larger.part of the verti-
cal,'oad. yang and King (1984) found that modern human nor-
mal Lumhar articular facets carry 3 to 25% of the axial load.

The bony adaptation to a developed lumbar lordosis in the A.
africanus partial vertebral columns and the posteriorly
wedged individual lumbar vertebrae of A. robustus and A.
afarensis, which indicate that they might have taken part in
the formation of an anteriorly convex lumbar region, lead the
author to conclude that the australopithecines probably
carried the trunk erect. Because of the close association
between extended lower limbs and the formation of the lumbar
lordosis, as shown by Abitbol (1987a), it is further con-,
cluded that the australopithecines used extended lower limbs.
Thus our results svqgest a mode of bipedalism in these early
hominids that corresponds with that of modern humans.

D. The Weight-bearing Mechanism of A. africanus

The metr.ical data associated with bhe \;~e:ight-bearing mechan-
ism of A. africanus thoracic and lumbar vertebrae present the
same tendencies as those of modern hUman vertebrae. The only
exception is the sharp decrease in the inferior vertebral



353

body areas elfthe last two Sts 14 lumbar vertebrae while a
decrease occurs only at the last lumbar vertebral level in
modern man. Corroborated by the demonstrat.ed presence of a
lumbar lordosis. in A. a£ricanus, the same .mechanism of weight
transmission as in modern man may be inferred for A.
a£ricanus vertebral columns.

In the thoracic region load is transferred from the posterior
to the anterior pillar. Weight received from the last
thoracic vertebra and the additional segrnental load added at
each level are transmitted downwards in the two pillars of
the upper lurnbarvertebrae with no weight transfer between
the pillars. In the last two lurnbar vertebrae of sts 14,
associated with the decrease in the inferior vertebral body
area, are an increase in lamina size and an increase in
pedicle size. It seernsthus as if weight is transferred frorn
the vertebral bodies (anterior pillar) to the laminae
(posterior pillar). This corresponds with the rnechanism of
weight transfer through the pedicles of the last lumbar
vertebra in modern rnan which is possible because of the
inclined position of the body of L5 in the modern human
lumbar lordosis. It is found that both L5 and t6 of sts 14
are anteriorly wedge-shaped. It is thus suggested that 1n
sts 14 L5 might have been si·tuatedat an angle relative to
L6, and L6 at an angle rp.lative to the sacrurn. sts 14 thus
seerns to have presented a more gradually curved lower lumbar
region and a less abrupt lumbosacral transition than obtains
in modern man.

The mechanism of weight transfer between the last lumbar
vertebra and the pelvis seems to be the same in sts 14 and in
modern hurnan spinal colurnns. The decrease in inferior body
area is associated with an increase in the pedicle index, the
lamina index, the transverse process index and the arch
index. Relative to the inferior body area these index values
also show an increase. Weight is transferred from the last
lwnbar vertebral body to the posterior arch. Part of this
neural arch transmission is carried through the larninaeand
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inferior articular facets, while part is carried through the
transverse processes and, by infereQce, through the ilio-
lumbar liga:ments.

Unfortunately, the transverse processes of the second last
lumbar vertebra of sts 14 are broken. Whereas the transverse
processes of the modern human second last lumbar vertebra
show a slight decrease in cross-sectional area, an increase
would be expected in sts 14, since a decrease in the inferior
~ody area is associated with an increase in lamina size. The
attachment of a more rostral part of the iliolumbar ligament
to the transverse processes of the second last lumbar
vertebra (L5) may have helped prevent the anterior slipping
(or spondylolisthesis) of the inclined ~e~ond last lumbar
vertebra of sts 14. This will also expluin the less marked
increase in the size of the transverse processes of the last
lumbar vertebra of sts 14 compared with the marked increase
in modern man.

'l'heinferior vertebral body a~eas of the Laat; two lumbar
vertebrae of stw 431, which are anteriorly wedge shaped, are
unfortunately not available. It is thus not known whether an
A. africanus vertebral column with only five lumbar vertebrae
would have presented the same, less marked, elongated curva-
ture due to the inclination of the last two lumbar vertebrae
as sts 14. The only indirect evidence available is the pedi-
cle size of the last three lumbar vertebrae of stw 431 which
increase sharply, much in the manner of modern human pedicle
sizes and appreciably more rapidly than those of sts 14.
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