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When this general pattern of the lamina area is compared with
that of modérn.man it is evident that the difference betweeﬂ
the two ygroups lies mainly in the lumbar region. The laminae
of mcdern human lumbar vertebrae increase from L1 to L5,
“while a decrease occurs in the'greaf ape columns. Fig. 9.22
shows graphically this seemingly important difference in
lamina index values of modern man and th: two Pan vertebral
columns ., ' |

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 anstralo-
pithecine lamina area between L2 and L5 as in the modern
human seriesz. The lamihé index value of L6 in sSts 14 is
however unknown. = iIn the thoracic region the three groups
correspond approximately. This graph also underlines the
difference in absolute size between medern human and 4.
africanus laminae.

4.2 Lémina Index/Inferior Body Area_Ratio

When the pattern of lamina area increase and decrease in
relation to the inferios 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

series an increase occurs at L4, the last  lumbar vertebra of

the Gorilla (Za 1312) column, a decrease occurs at L4 of the
Pan (Za 94) column, while the ratios have the same value in
the last three lumbar vertebrae of the Pongo (Za 93) column.
No sudden sharp increase thus bccurs in the last two lnmbar
vertebrae of the pongid vertebral columns.

Sexondly, an increase of this ratio occurs at the lower
thoracic vertebrae; slightly between T8 and T9 in the Zulu
and. the Gorilla male columns, gradually between T5 and T8 in
the Pan (Za 94) and between T6 and T1l in the Pongo (Za 33)

LS S P
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columns. Thirdly, iﬂ the male columns, thé lamina size/
inferior area ratioc is greater in the African apes than in
modern man. On the other hand, this ratio is smaller in the
Pongo feméle_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 Stz 14.
In the light of the previous compari=on this seems to be an
easentially human-like characteristic. Again it must be
emphasized that the lamina index value of the last lumbar
vertebra of Sts 14 is however'unknoﬁh.

c. Thgzpedicle Bize

1. Modern Humaﬁ Series

1.1 Zulu SeriEE'

1.1.1 Pedicle Indéx (gped x lped)

The product of the greatest sagittal {(gped) and the least
transverse (iped) diameters ai. the slenderest part of the
pedicle is caloulated for both left and right sides. This
index indicates the cross-sectional size of the pedidles.
Thé mean  pedicle index of the t¢wo pides is calculated for
eanh 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 Tll, followed by another
déawsase to L2 and another increase to 1L5. The mean pedicle
index values of the  female Zulu spinal columns correspond
with those of the male columng, save that the first increase
extends from T6 to T12 instead of to Til.
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TABLE 9.16

:ggLﬂean_fedielg_in&ex_df fulu Thoracic and Luabar Vertebrae (owd)

Vertebra Inly males  Julo females
Kean | 450 Observed | Mean | 48D | Observed
1 Range ‘Bange
mn 8,78 F 0,801 0,56- 1,051 0,80 F 0,12 ) 0,42-~0,9
Tl "r'” 0f11 ﬂrﬁﬂ - 1102 0,55 ﬂ,lﬂ 0145 - ﬂ,ﬂ!
M 0,62 [ 0,10 [ 0,47 -0,98 | 0,48 | 0,08 (0,3 -40,72
By 0,55 | 0,10 | 0,42 - 6,85 [ 0,41 [ 0,08 { 0,24 - 0,69 |
TE “}52 ﬂ;“] 0,32 - 0'63 0}"“ B]ll 0,25 - 0;53
b 0.52 | 6,09 [ 0,39-0,71 | 0,40 0,08°( 0,24 - 0,5 |
M 0,58 (0,02 | 0,32~-0,85 [ 0,43 [ 0,08 | 0,25 - 0,58
i [ 084 [ 034 ) 0,40 -0,98 ] .46 | 0,08 [ 0,30 - 0,66
e 0,74 10,15 0 47-2,057 0,58 | 0,13 | 0,33 - 0,80
Tl“ 1,1“ ﬂ,!ﬁ B|54 - 1;75 0,34 0;15 ﬂ;ﬁ“ - 1|lﬁ
11 LA po,24 ) 0,98 -1,98 ¢ 1,131 0,22 ) 0,58 ~ 1,48
mo 1,38 10,26 0,B0-2,04 | 1,18 6,26 [ 0,79~ 1,62 |
Ill l,3{| 0325 o;?? - 1[16 ) llnz ﬂ,Tt’ J n,55 - 1;34
12 1,27 50,08 0,98 -1,65 1,00 (0,19]0,68-1,3
II3 1;45 0.21 1\‘04 - 1;82 1;23 {hn ﬁ,ﬂﬂ - 1.53
R 1,520,201 L,20-2,091 1,2990,20] 1,02 - 1,68
p 2,00 0,33 1.43-2,87F 1,83 {0,370 (¢,3-2M
=30
Sex differences: The mean pedicle index values of female

vertebrae are smaller than those of corresponding male
vertebrae. Student's t-Test (Tahle 9.17) shows highly
significant differences (P<0,0005 and ¥P0,005) between the
sexes at all levels, except at L5, where this difference is
almost certainly significant (P<0,01).



258

TABLE 9.17

t-Valuen of Sex Differences in the
Mean Pedicle Index Values of Zuly
Thoracic and Lumbar Vertebrae

Vertebra § t-Value K
byl §,072 | 0,0005
|12 1,647 | 0,0005 |
¥} &7 | 60005 |
¥ 5,995 18,0005 |
e 4,458 {0,000
T 5,272 | 0,0005
4] 5,763 { 08,0005
™ 5,959 | 90,0005
bt 4,832 | 10,0006
10 | 4832 80005
pak; 5,198 | 0005
oV 2,506 '] 0,003
L 4,132 0,000
L2 5,511 | 0,000
%1 4,010 0,0005
I4 £,18L | 0,0005
1§ 2,51 | 0.01

1.1.2 Mean Pedicle Index/Inferior Body Area Ratioc

Compared to vertebral body area, Z%ulu male pedicles are
largest at the T1 and T2 levels (Table 9.18). Presented
graphically (Fig. 9.27) the ratioc shows a biphasic curve with
a sharp decline in pedicle size from T1 to T6, T7, T8 and T9.
- From T9 the pedicle size increases in relation to the inferi-
or vertebral body area to T1l, followed by a decrease to L2-
L4 and a sharp increase from L4 to L5. The ratio follows the
same general pattern in the female coliumns. '



TABLE 9,18

_ 'the ¥ean Pedicle Index/Inferior
Body Area Ratio Values of Julu

thoraci¢ and Lusbar Vertebrae

Vertebra | Males | Pemales
k3! 6,19 8,16
12 0,38 | 0,15

|8 0,13 | 0,12
| ™ 011 0,10
"o 0,16 6,09
17 0,68 | 0,08
™ 0,08 | 90,08
" 6,00 | 0,09
pal 1,13 0,12
™ 0,15 | 1.4
- t12 5,13 | 0,14
I 11l 0,10
L2 6,16 | @16
3] 5,i1 | 0,1t

¥ 8,11 0,10
I 0,16 0,16

1.2 Comparative Series

'1.2.1 Mean Pedicle Index (gped x lped)

The results of Davig (1961) on the last three lumbar verte-

- brae in 35 male and 24 female West-African columns and those
‘of Pal and Routal (1586, 1987) on certain thoracic and the

lumbar vertebrae in 44 Indian males are available for com-
parison. These data,; with the results of the present study,
are listed in Table 9.19 and presented graphically in Fig.
g.28.

The mean pedicle index values in the Zulu males are highly
significantly greater (P<0,0005 and P<0,005) than in the
Indiar males at the levels reported by Pal and Routal (1986,
1987). 'Egceptions are the index values for T9 and L5 which
show no significant difference between 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 ¢f LS show no significant dlfference among these
'populatlons.

TABLE 9.15

Yhe Hean Ped1ele Index Valoes of the Thoraclc and Lombar ?ertebrae in the Nales
of Various Popalations (ca?}

vertebra | Present stuﬂy | Pal and Rontal {1986, 1987} |  pavis (1961)
| fmlu fn=38} | Indism fn = 44) West-African {n=15}
Mean ¢ 8D Hean t 8B Mean ¢ 8D
™ NIRRT AN 5,65 ¢ 0,09
v [ 0,87 ¢ 6,11 §,65 ¢ 13
¢ 0,52 ¢ 0,11
o] 0,50 & 8,10
¢ 0,52 ¢ 0,10 40 24,0
T 0,52 ¢ 0,09
1 10,58 ¢ 0,12
by 0,64 ¢ 0,14 9,50 ¢ 4,15
1] 0,74 % 0,13 0,80 £ 9,33
o 1,10 ¢ 0,26
ikl 1,43 £0,2 1,01 ¢ 0,26
[ 130 ¢ 0,3 f,81 ¢ 0,18
B 121 ¢ b1
%] 1454 0,2 LW 0,0 L4 £ 0,18
I 1,54 & 0,20 1,43 £ 0,08 1,61 £ 0,25
L5 2,07¢0,13 2,0 80,0 L1 0,42

The mean pedicle index values of +the last three lumbar
vertebrae in Zuiu and West African female colunns (Table
9.20) ghow ne significant dlfference. '

b i+ o e 4 = =
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TABER 9,20

" the Meau Pedicle Indes Values of the Gast
Yhree Luebar Vertebrae in Inlu and
- West African Ferales {em®) '

Vertebra | sulu | West-Mfrican | ' .
p=H . n= 2" o . :
Wean 130 | Hean 35D

= e

= 3 o

1,2
1 1,29
1,83

122
20
15 7

1.2.2 Mean Pedicle Index/Inferior Body Area Ratio

Comparison of the mean ratio values shows the game biphasic
curve in Zulu apd Indi.n males (Table 5,21, Fig 9.29), but
the values of the ratio are smaller in Indian males. The
pedicle sizes of the last three lumbay vertebrae ‘in West
African males present the same tendency to increase in
relation to the body area ag in Zulu and Indian males.

The ratio of the - pedicle size of the last three lumbar
vertebrae increase in West African females. Z%ulu females
present a decrease in thie ratio from L3 to L4 followed by an
increase to LS. The ratio values of the last three West
‘African lumbar vertebrae have been ‘calculated from Davis's
{1961) results. '
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TABL 3,21 : :
the Moan Pedicle Index/Inferior Body Area Batio Valves in the Thoravic
and Tanbar Vertebrae of the Comparative Moders Human Series

Vertebra | fulu | West African | Indian |- Zulu | Mest African
Hales - Males Hales | Pemales Femiles
ac3d n=)5 p=bi =3 - ne2d

1 6,18 0,15 8,14

v} g,18 -t 0,43 §15

1 6,13 . 0,12

4 0,11 8,1t

b g1 0,07 0,09

™ 0,08 6,60

] 1,09 0,08

by 9,09 6,07 4,08

5 0,09 9,10 0,0%

il 0,13 0,12

1l 0,15 3,11 0,1

¥ 14,13 8,08 9,14

1l 5,11 6,47 6,10

2 0,10 .10

I3 0,11 0,10 4,08 0,11 0,1

Ld 0,11 0,12 t,10 0,10 .12

2 African and Agian Great Ape Series
2.1 Prement Study
2. 1 '.Pedicle Index {(gped x l'ped')

The size of the pedicles decreases from T1 to T5 in %a 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 2a 1312 a glight increase in pedicle size
occurs from T1 to T2 and T3 followed by a decrease to T4 and
an increase to Ll. A decrease in pedicle size is seen from
Ll to L2 :Eolldwed". by a sharp increase to L4.

R e e s
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SABLE 9.22

The Pedicle Inder Values in Individual Gets of African and
Awian Great Ape Thoracic and Lumbar Vertebrae loe?)

Vertebra’ Gorilla Ban Porgo |
: Ba 1310 | 32 95 [ 52 1071 + 23 94 | 32 93
Male [ Male |Male | Male | Femle
i | 0,45 B9 0,59 0,38 | 0,40
n 0,88 0,731 0,46 { 0,37 0,40
|5 ¥ 5,88 0,651 0,53 G,41 { 0,40
T4 0,77 | h63 ) 9,55 0,38 0,4
™% 0,93 87| 0,54 041 | 0,32
7 1,01 b,70 | 6,54 0,50 { 6,33
T - 1,29 0,75 1,8 0,48 0,43
™ 1M 0,88 | 0,50 6,53 ] 9,3
1l 2,13 Lu| &n 6,651 0,46
¥ 2,14 146 | 0,7 6,80 { 0,61
1) 1,65 1,04 £,00
It 3,2 Lt 1,22 105 0,%
Il 2,% 03| L% L0 1,02
L3 1 3,5 1,19 1,22 1,16 { 0,87
] 4,62 23 1,1 LAy 1,08

The Pan male columns show a decrease in pedicle size from T1
to T2 followed by a gradual inerease to Tl0. 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
followaed 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 femalé vertebral column, the pedicle size is
equal over the  first three thoracic vertebrae. This is
followed by a decrease to L5 and an_incréase to T8. A second
decrease in pedicle aize occurs from T8 to TS, P9 and T10
have pedicles of equal size. From T10 the mean pedicle index
value increases by 60,4 mm*® to L2, followed by a decrease of
10,5 mm® to L3 and an increase of 22 mm® to L4 (Fig. 9.32).
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2.i.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 maie spinal columns
differ - markedly. (Fig. 9.33). Un'fdrturiately, the inferior
vertebral body areas of the last two lumbar vertebrae of Za
95 are damag.ed._ In this column a sharp decline occurs j:fr'oin
71 to T3, followed by an increase to T4 Between T5 and T9
the ratio fluctuates betWEen 0,11 and 0,12 a#nd then declines
to 0,10 in T10. The ratio increases from T10 to T13 and L1

followed by a decrease to L2. ‘The lumbar region @f Za 1312

also shows a decline from L1 +to L2, which is followed by a
sharp incline to L4 (Table 9.23). '

TABLE 5.1

¥he Pedicle Indes/Inferior Body Area Batio Values in
Individual Sets of African and Asian Great Ape

 Thoragic and Lusbar Vertebrae

Vertebra Goriila Pan | Pongo
PR 1312 2 %5 | Za 10T %2 94 [ B2 93
Male |Male | Male | %ale | Pemale
pil 0,12 0,21 8,19 0,20 [ 0,13
1 0,11 0,151 0,14 0,171 L2
19 o o121 8 017 oU
™% 0,10 G| 0,45 0,15 | 0,04
1% 0,1 ot} 012 | 0,8} 0,08
% 4 0121 o,12 0,1 LM
Y| 9,10 011 0,11 0,16 | 0,07
18 6,42 t.11q 0,10 o,45 [ 0,08
¥ b1l 0,121 0,10 0,5 6,0
il 0,04 s} 0,08 | 9,13 0,06
pul} 0,13 0,83 | 0,12 041 L0
M2 | 0,12 i) 0,10 | 0,850 0,09
13 0,15 | 0,14 0,18
il 0,17 0,15 { 6,44 | 0,17 0,13
B hL14 $,13 ¢ o13 g17 ] 0,12 .
L 0,15 tio01l g1 010
14 0,23 Ao003 | 0,25 04

* Inferior vertebral body area unknown
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In the two Pan Veftebral columns this ratio shows a gradual,
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 dmcllnes from T13 to Ll, L2 and L3 in which it is

aqual, followed by a sharp incline to L4.

The pedicle index/inferior body area ratics of the Pongo
female thoraci¢ and lumbar vertebrae (Fig 9.35) decrease from
0;13 in T1 to 0,07 in T6é and T?7, 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 Ll. In the lumbar region
the ratio decreases from Ll to L3 and incrsases to Lé. L4
(0,14) presents the largest pedicles in relation to the body
area and TlO the smallest.

' 3.. Australcpiﬁhecine Series

3.1 Present Study

3.1.1 Pedicle index (gped 2 lped)

In this series one of the pédicles.qf a verteb?a is fre-

gquently 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 wvalues are all’

clearly marked in the tables.

With thé exception of the third last thoracic vertebra of
which the pedicle index values are unknown, the gedicle gize
increases from the seventh last thoracic vertebra to L1 in
Ste 14, an &, africanus female partial column. From Ll a

gharp decline occurs to L2, followed by a gradﬁal increase to

L6. The pedicle size of Ll is however greater than that of
L6 (Table 9.24, Fig, 9.36). | |
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TABLE 9.24

The Pedicle Tndex Values in Individual Bete of
4, africanus Thoracic and Iumbar Vertebrae (cm?)

Yertebrae _ Sts 14 | Stw 31 | St b
thoracics '

Tth last | 0,14
fth last | 0,17
5th Jast | 0,15
dh it [ 0,2

31‘11 hst - - _ 0,50

Ind bat | 0,07 -

last 0,60 -

Tambar: .

Lt .62 - 85"

12 1 6,38 | 6,73 02"
L3 t,50 1000

L4 1,50 i,

I3 4,52 | 1,45¢

f j,60"

* oOnly 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 Ll to L2 followed by a sharp
‘increase to L5, the last lumhar vertebra. A compafison of
the two partial columns reveals larger pedicles in the male
than in the female. The male partial c¢olumn also shows a
sharp increase in pedicle size in the lumbar region with the
pedicles of the last lumbar vertebra the largest. 1In con—'
trast the female partial column shows a gradual increase, but
the size of the Ll-pedigles}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 cm® in the last thoracic, SK 398la, and 1,15 om® in the
" last lumbar, SK 3981b.

T_’-,}_._-_._.-:,_..__.?-,_...:. o
A H . .

e A T e 11 PPk R kPt e T At op e
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3.1.2 Pedicle Index/Inferior Body Area Ratio

This ratio 'is high in the last thoracic vertebra of sts 14.

From here a sharp decline occurs to L2 'and 13 which are

egqual. From L3 a sharp incline occurs in the pedicle size in

relation to the inferior 'body area. Iin 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 A. robustus vertebhrae are 0,16 in the
last thoracic and 0,22 in the last lumbar vertebra. '

- TABIR 9.25

The Pedicle Indes/Inferior Body Area

Batio Valves iv Individual Sete of ' _ .
2, africams Yhoravic and Lunbar _

Vertebrae

Vertebrae | St 14 |  stw 431

Thoracies

b 10
gth 9,
5th 1.0
- dth ]
ded
Ind -
last ] ]

Lumbar ¢
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4. Intergroup Compgrisons-

4.1 Pedicle Index {(gped x_lpe&)

. In both . modern man and the anthropoid apes the pedicle mize
decreases in the upper thoracic region followed by an
‘increase in the lower thoracic region (Figs. 9.38 and 9.39).
-In”ﬁhe lumbar region of modern man a decrease bcgups from T1il
to L2 followed by a sharp increase to the last lumbar
' vertebra. The lumbar pedicle index valuer of Stw 431 show
the same pattern.as modern man. Sts 14 shows an increase in
pedicle gize up to L1, which is in accordance with the
pedicie index values of the anthropoid apes, followed by a
decrease'ﬁrom_Ll to L2, as seen in Stw 431 Jand modern man,
and a grédual increase to the last lumbar vertebra. In the
anthropoid apeg L1l presents larger pedicles than the last
thoracic vertebra and, with the ekception of Za 1312, the
pedicle wize 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, ohe (Za
1312) shows this decrrase 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. Ste 14 im the only one of all the
hominoid c¢olumns " 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 ratic
decreages from T1 to T10 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 decrsase
in pedicle size in relation to the inferior body area in the
upper thoracic region. The difference is that in modern man
the ratio decreases from T1 to T5 or T6 and stéys equal to T8
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.or T9, whereas Ti0 presentg the smallest pedicle size in -
relation to the inferior body area of the anthropoid ape
thoracic vertebrae.

The decline in the ﬁépef thoracic ‘region of modern man is
‘followed by an increase in the ratio wvalues to Ti. The
anthropoid apes also show an increase :in these values from
T10 to the last thoracic pr'first lumbar vertebra. Unfortu-
nately the ratios of the mecond and the third last Sts 14
thoraci¢ vertebrae are unknown, but the ratio for the last
thoracic vertebra is considerably larger than the »atio for
‘the fourth las: thoraciec vertebra (Fig. 9.37).

" In the lumbar regions of the five anthropoid 'ape-columna the
ratio values show three patterns. One Pan column presents a
decrease from T13 tn'Ll; L2 an& L3, which have egual vaines,
" followed by an increase at L4 (Fig. 9.34). In the other Pan
and the Pongo (Fig. 9.35) columns the ratio values decrease
from L1 to L3 followed by -an increase at L4. One Gorilla
column presents a decréaae from L1 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 detrease occurs
from T12 to Ll (Fig. 9.27). The ratio values of Ll to L4 aré
more or lese egqual followed by a sharp increase at LS. In
Sts 14 this ratio decreases from the last thoracic vertebra
to L2 and L3 followed by-én 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
thoge nf_ﬁhe 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 wman and in
Sts 14. = All three groups present a sharp increase in the
ratio of the last lumbar vertebra. |

" Thus, the pedicle size. increases from the midthoracic verte-
brae to T11 in modern man and to L2 in three of the five
pongid spinal columns. Sts 14 presents an increase down to
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Li. From 711 in modern man and Ll in Sts 14 and Stw 431, a
decreéée occurs to L2 followed by an increase to the last
1ﬁmbar_vertebra._ In-  the three pongid spinal columns, with
the wspe pattern, the increase down to L2 is followed by a
decrease at L3 and an increase at'L4. '

D. The Arch Distance

'1: Mpdern'ﬂnmaﬁ Series

1.1 Zulua Seriea
1.1.1 &arch Index (mfd x mdfb)

The arch index is the product of the maximum distance between
the articular 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 threa thoracic
vertebrae and then increase gradually to T10. From thisg
level downwards the increase ig more rapid to the level of
L5.. The articular facets and the laminae are thus placed
furthest away from the vertehral body in the last lumbar
vertebra {Table 9. 26 Fig. 9.40).
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L 0.6

The Hean Arch Inder Values of Zunle Thoracie and Lumbar ?erteb:ae (os?]

Vertebrae Hules Females

Mean | #5D Observed Bean | 280 |  Observed
Range _ _ Range
1 IMEo0sI[aY - 485 3N 8,521 2,89 - 4,95
12 ORI 048 2,8 - 4,89 | 3,55 6,44 § 2,89 - 4,66
b L1 0,47 2,95 - 5,06 | 351 | 04 ) 2,7 - 44
T4 _ 3]83 “lis 2!96 - 5[“9 3;64 0,49 2;?5 - 5}'}4
b 3,90 ¢ 0,8 | 3,250 - 5,35 | 3,68 0,40 { 2,84 ~ 4,57
f 3,991 0,471 3,15 - 5,57 |3,80.| 048 (2, M - &7
M 1] 0,48 3,33 - 5,01 | 3,84 | O3 {295 - 475
) L0 he 322 - 55 3% 0,47 1 2,9 - &9
by ] 618 047 [ 3,49 ~ 5,58 [ 3,95 0,513,201 - 487
- 4371 058 (3,23 - 64 | 406 | 0501 12,% - 5,3
M1 487 0,86 3,62 - 1,28 | 486 | 0,83 {3,51 - 1,06
12 [ 5,39 0,84 | 3,80 - 2,00 |51 | L,00)&10 - 8,98
B 00 07 454 - 04 16,00 | 0760428 - 7,83
L2 S 6,40 0,74 [ 5,04 - 8,67 [ 6,54 § 6,69 ;499 -~ 1,72
L3 100 1,12 (8,5 - 9,50 {72 0,93 § 6,55 - 8,97
B B, 741 LM [ 6,73 -13,08 | 0,46 | 1,101 6,28 - 15,2

Sex differencesg: No significant differences in the mean arch
index values are found between male and female ZzZulu thoracic
and lunbar vertebrae. ' |

1.1.2 arch Index/Inferior Body Area Ratio

The distance 6f 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 3.2?;. Fng 9.,41). From thié level the
‘ratio stays almost the same to L3 in the male and L4 in the
female columns. (The'female columns - present an increase of
0,07 at T12.) At L5 an increase of this ratic occurs in both
sexes which indicates an increase in the distance of the
posterior arch from the vertebral body. '
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| T8BIB 9.2

 The Mean Arch Index/Inferior Body hrea
RBatio Valves of Iulu Thoracic and
Lumbay Vertebrae '

1 Vertebrae | Males | Pezales
o] % { 1,0
b/ S O Y B R
3 0,81 | 9,81
M 0,75 | 0,8
% 6,72 | 0,80
) 5,68 | 0M
Mmoo 0,60 | 0,69
B 0,5 | 0.85
s 65 { 0,589
badi 0,50 | 0,59
M2 0,52 § 0,66
LL 65 § 0,8
L2 0,50 | 0,83
|13 U
4 0,55 | 0,63
15 060 | &M
Sex differences: An interesting feature of this ratic is

that the distance of the atrticular facets and laminae from
the vertebral body is greater in the female columns than in
the male columns, when expressed in relation * the inferior
body area. The mean arch index values ghow na significant
difference between the sexes. The inferior body area values
of the 3Zulu female thoracic and lumbar vertebrae are sig-
nificantly smaller than those of the corresponding male
vertebrae.  The larger arch index/inferior body area ratio
valueg in the famale spinal calnmns thus depend ~upon the
smaller valueg of the denominator. o '
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1.2 Comparative Series
1.2.1 Arch Index (mfd x 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>0,005) at the TL,
72, T8, T9 and Ll levels. fThe articular facets of Tll are _
almost cerﬁainlyz éignifidantly (P>0,01) 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>0,025) at the L4
level. The articular facets of the Indian thoracic vertebrae
are =ituated more posteriorly. oy further from the vertebral
‘body, than those of Zulu male vertebrae, The opposite is
found in the lumbar region.

S4BLE 9,26

The Mean Areh Index ¥aloes of 2ulu and .Indian Kale Thoracic
and Lusbar Vertebrae {ow?)

Vertebrae | Bulu males Indian n3les _
Present study | Pal and Routal {1996, 1987)
n=d = 44
Hean ¢ 5 Mean ¢ §D

by 3,60 +0,52 4,35 ¢ 0,60
" BN ER R LU 00

” LAY EE N

T 3,83 40,48

"N 39 8 44 4,00 ¢ 0,67

% 3,9 ¢ 0,87

by 411 4,88

bt} Lt 48 o A60 2 L0

L] 4192 0,47 4,9 2 0,47

ol 30,5 |

m 5392 0,85 5,14 ¢ 0,89

I2 6,35 ¢ 0,14

13 RAERRY 6,52 2 1,05

I4 1,81 ¢ 1,26 7,25 & 1,00

L5 B,74 ¢ 1,43 B,68 £ 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 wvalues for the
Indian male vertebrae are greater than those for the Zulu
male columns between Ti and T1l., The 'posteribr arch of the
Zulu male T12Z vertebra and of the lumbar vertebrae are placed

_further away from the body than those of the Inc‘l:Lan males in

relation to the :l.nfer:t.or body area.

- MBIE 4.3

The Hean Arch Tnée:[lnfemr Body Area Ratio Values of fnlu
and 204 Indiah Mzle Thoracie and Tumbar Vertebeae _

Vertebrae |  Zulu males Indian males
Present study | Pal & Routal (1986, 198'”

1 = 30 =M

e t, %0 1.‘12

T b,81 S

3¢ ¢,81

M B At

1H : 72 0,

% b,68 '

1 0,60 _

® . 0,56 08

™ 0,5 0,62

10 #5850

fil 8,50 0,50

Tl 0,52 §,50

bl 1,52 B X ¥

L2 6,51 _

13 0,51 04

4 : 0.55 0,51

B 0.6 0,81
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2. African and Msian Great Ape Beries
2.1 Present Study
S 2.1.1 hrch Index (_mfd-x mdfb)

The arch index values which indicate the distance between the
vertebral body and the articular facets and laminae, decrease
from T1 to T4 in the Gorilla male columns (Table 9.30, Fig.
9.44), Thisg decrease is followed by a moderate increase to
T9 and a sharp increase from T10 to T12 in Za 1312. In Za 95
the values increase from T4 to T6, decrease slightly to T8
and increase sharply to T13. The 1umbér region of Za 1312
shows a decrease in the index values from T12 to Ll followed
by a slight increase to L3 and a marked decrease of 1,5cm® at
L.

-

TARIE 9.30

the Arch Index Values in Individual Sets of African and Aaian
@reat Ape Thoracic and Lumhar Vertebrae in {ea?)

Vertebrae |  forilla Pan Poago
' Sal2 1229 | Bal07E | a2}
Hale | Hale Hale Male | Pemale
byl 8,7 | 8,48 3.2 219 2,60
by 6,28 1 4,62 3,3 1,86 | 2,60
b 5,06 ; 3,67 3,34 1,65 78
bt | 5,01 3,55 1,25 1,69 | 2,82
% 515 { 4,00 1,18 1,69 2,83
6 - 3,51 4,35 3,2 1,61 2,4
7 o7 3,1 1,80 | 2,14
i - 645 | 3 2,61 1,81 2,13
¢ 154 | 40 1,65 00 0 1,9
] 1,41 4,4 2,80 2,061 2,14
Ty 10,4 4,08 3,63 - 2,011 2,62
™2 LK ] 6,08 3,08 247 2,8
13 ' -1 8,58 4,99 KW |
Il 16,45 | 8N 5,65 23] 3,18
L2 16,41 1 8,00 5,23 4,23 ] 1,21
Ll | 19,6 * 41 3,681 3,3t
14 5,14 * 3,3 L1 L1

* Posterior murface of vertebral body damaged = . -
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The two Pan vertebral columns do not show the same distinct

 decrease followed by a definite increase ih the index values

of the thoracic region (Table 9.30, Fig. 9.45). Instead, the
articular facets and laminae of the first eleven th@racic
vertebrae are placed at an almost equal distance from the

vertebral bodies. Both spinal columns present a sharp in-

¢rease in this index from Til to Ll in which the artieular
facets and laminae are placed furthest from the"bbdyt 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 Ponrgo thoracic and_lumbéf
vertebrae present the same basic pattern as those of the Pan

- vertebrae. Scarcely any change occursg before T10. From this

level the index values increase to L3 followed by a slight
decrease at L4 (Table 9.30, Fig. 9.46). '

L3

2.1.2 BArch 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 decfease occurs to Tif. Za 1312_presents an
increaée to Tll fplloWed by a gradual decrease to L3, The
ratic of L4 in this column indicates a greater distance
between the vertebral bedy and the articular facets and
laminae in relation. to the inferior body area. Za 95
presents an inarease from T10 to L1 followed by a decrease to
L2. Unfortunsttely the ratios of the last two lumbar verte-
brae are unknown, but the pattern presented by Za 95 isg in
aceordance with ‘the pattern which is presented by the Pan
male columnsg (Table 9.31, Fig. 9.48). These gpinal columns
show a " decrease in this ratio to the level of T12. The
decrease is followed by an increase to L1 and a decrease to
L4. ' ' '
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With the e'xcepti_.bn' of an increased ratio at T3, the Pango
female vertebral column also shows a decrease to T9 followed:

" by a mild increase +3 Ll (Fig. 9. 49). This increase in the

d:l.stance in relation to the inferior body area is hoWever not .
as sharp as in the African great ape splnal columns. In the -
. lumbar reg:.on the ratlo._decreases from L1 to LZ, 1ncreas_eﬁs to
L3 and decvreases to Ld4. In the Pan and Pongo lumbar regions
the distance between the vertebral body  and the articular .
facets and lam.nae, in relation to the inferio¥ body area, is
thu_s smallest in the last lumbar vertebra.

" TABLR 9.31

the Arch Index/Inferior Body Area Ratio Values in In&mdnal

 Betn of African and Amian Great lp_e Thoram and
Tushar Vertebrae _

Vertebrae  Goridla " Pan Pongo
. a1 | BB {kaliMisad |l
MHale Kale Male { Male | Pemale
11 6,9 [1.47 | Lt8 1,34 | 08
12 0,81 | 8,% 1,59 0,85 | 6,75
M 0,63 | 6,70 | 4,93 0,69 0,78
b} 0,64 T t,87 0,65 0,64
o] 062 4,1 5,73 | 0,66 | 0,58
% 0,63 0,76 4,7 | 0,59 8,52
17 0.59 (6,69 | 9,58 0,59 | 045
™ q,62 0,58 §53 | 0,57 0,41
™ 0,63 p055 1 047 058 | 0,3
T10 0,56 6,51 1.4 0,48 PR
1l 9,64 10,56 | 0,41 | 0,43 | 0,42
T2 0,63 0,59 1 6,42 0,46 0,41
M3 - g7 4,62 0,58 -
Bl 0,4 (M2 0,64 6,68 [ 0,43
L2 047 10,59 | 8,51 0,66 | 0,
1 0,4 ] 6w 1055 | 0,4l
-4 e 03t |09

* Inferior vertehral body area unknown
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3. Australoﬁithecine Series
3.1 Present Study

3.1.1 Arch Index (mfd x mdfb)}

The inferior érticular facets of A1l six Sts 14 lumbar

vertebrae have = suffered ~damage . to 'somé éxtént, 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,.whiéh also
is calcnlated from the reconstructed parts. . The mean arch
index walue of the last lumbar vertebra has not been calcu-
lated, fbr the inferior articular facets are broken 'away and

the reconstruction is thus not  a mere filling of a missing

piece but a total #estoration. Table 9.32 and Fig. 9.50 show
.an increase in the indek 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 Arch Indez Values i Tndividual

Seta of 4. africapus Yhoracie and
Lusbar Vertebrae lc?)

Vertebrae | Ste I4 | Stw 431
Fosale | Hale

Yhoracic:
5th last 1,68
5th last | LM
4th dast | 1,88 §
3rd last -

Ind last -
last . 1

Inpbay:
Il 3,58
- 12 3,06 4,81
& 3,95 [
X I n
L5 3,18
16 -




Areh Endex/Tnferior Body Area

291

-—— Bis 14
1.1

- ?
1r
00_9-
0.8 .
0.7"'\ : ?
0.6 ———————— -

Vertebrae

_ Pig, 9,51 The Arch Index/Inferior Body Area Batio Values in a Single Set of 4, africanus

Arch Index [cn?)

 Pexale Thoracic aud Lumbat Vertebrse

— Zulu ~—— Gorllia (Za 96} - Pan{Za 94)

10
B -
8
4f D .
we®
2|_ ‘.h"’“~m------.u—---w----"""""'“'b“-i.-.--
o S TOREEE O TR TR SN W WA YR SN T T TR W U ST
I i} I I 1 1 4 1 ¥ ¥ I Bl 1 1 1 L)

1 .|
[ | I
* TV T2 73 OTATS T6 T7 T8 TY9 TIOTH TIZTI3 L L2, L3 14 15

_Uei'_tehrae-

. .'Pig. 9.5 The arci: Index valnes of Modern fuman (8=30}, Gorilla (n=1] and Pan [n=l) Male .

Thoracie an_d. Lunbat Vertebrae

tore vl e e e T



292
3.1.2 .Arch Ihdex/Iﬁferior Body Area

This ratio, which indicates the distance between the verté-
bral body and the articular facets and laminae, in relation
to the inferior body area, increases in 8Ste 14 from the last
thoracic vertebra to L2 (Table 9.33, Fig. 9.51). From L2 a
decreage ocours tb-L4. ‘An increase in the ratio then occurs
~ from L4 to L5 and, though the ratio for L6 is unknown, the
ratio value which iz based on the diameters of the recon-
- structed parts suggests a further increase at this level.

TABLE 9,33

The Arch Ipdes/Inferior Body lr&a
Hatio Valeer of 8te 14 Mhoracic

and Luabar Vertebrae

| Vertebrae | sts 14

Thoracic:

oth last | 4,
Sth last | 0,64
4th Yast | 0,65
ird last -
2 last | -
Liagt b8

Lu‘bal‘
Il ¢4

12 1,02
i b3 6,82
L4 0,80
1,43

L5 ) [}
b | -

4, Intergrdup Comparisgons
4.1 Arch Index (mfd x mdfb)
The mean arch index values of the upper eleven thoracic

vertebrae show littlé.change in modern marn, the Pan and the
. Pongo vertebral columns (Pigs. 9.52, 9.53). The two Gorilla
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columns.present a devrease from Tl to T4. The African apes
then show a sgharp increase in index values from T11 to T13 or
L1, which is followed by a decrease to the last lumbar verte-
bra. The Pongo female #pinal 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 LS.
This pattern seems to be the same as those of the anthropoid
apes to the level of L4. The slight increase at L5 is more
in line with the modern. human pattern. Unfortunately the
index wvalue of L6 iz unknown but the reconstructed part,
which is made with the articular facets of the smacral piece
as guidelines, suggests an increased index value of this
level.

4,2 Arch Index(lnferior'Body area Ratio

‘The difference in the arch index/inferior body area values
between modern human and the pongid spinesg is best illus-
trated in Pig. 9.54. The ratio values of Zulu and Pan (Za
1071) male vertebrae present a decreage from Tl to thé second
lagt thoracic vertebra. The difference between the two
groups lies in the definite increage in this ratioc in the
last thoracic and first lumbar vertebrae of pongids, followed
by a decrease from L1 to L4, wheress modern man shows a
plateau from the last thoracic to the third lumbar vertebrae
followed by a striking increase from L3 to IL5.

Ste 14 (Fig. 9.55) shows a sharp increase in this ratio from
the last thoracic verteh#a to L2, followed by an even sharper
decrease to L3 and L4, in which the ratio is egual. From L4
this ratio increases again to L5 and, though the rutioc for L6
of Sts 14 is unknown, the ratio value which includes the di-
ameters of the reconstructed parts suggests a further in-
‘crease at this level. The patterh presented by the ratio
values of the last thoracic and the upper four lumbar verte-

R PR
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-

brae of Sts 14 is thue 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 characterigtic.

E. The Tranzverse Proceas Size
1. Modern Human Series
1.1 Zulu Seriesm

This series lacks the index values of T1l and T12 since the
morphology of these transverse processes differs from that of
the rest of the'thofacid 'regioh. The greatest and least
transverse process diameters of T1l 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.

'1l.1.1 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 columne a decrease in the index
values pccurs from Tl to T5 followed by a gradual increase to
T9. From this level a decrease oncurs to T1) (Table 9.34,
Fig. 2.56). '

The transvérse processes of thé upper four iumbar vertebrae
are much smaller than the thoracic transverse processes.,
From L1 the size increases to L3, decreases slightly tc 14,
followed by a very sharp increase at L5. Thus, the trana-
verse processes of &5 are the Jlargest in the Zulu male
vertebral columns., The Zulu female columns present smaller
transverSe processes than'the_ male columns, but the pattern
‘of variatich in the regions corresponds. |
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CHABE 9.0
The Hean Yransverse Process indes Values of fulu Thoracic and Lumbay
Vertabrae (om?) .
Vertebra suln Hales { 3 = 30} sult Pemales (A = 30)
dMean | 480 |  Range Mean | 8D Range
o (s feas [ ose -1, 10 {06 {086 - 1,58
1 LOS {024 10,76 - 1,690 0,9 017055 -1,
¢ 5961019 ) 0,70 « 1,41 [ 0,77 [ 6,20 | 0,53 ~ 0,99
0] 8,90 | 9,16 | 0,62 - 1,29y 0,76 | 0,18 | 0,50 - 0,9
| ¥ 0,87 1 0,14 | 0,62 - 1,04 [ 0,74 [ 0,11 ] 9,5¢ -0,98 |
% L% 0,15 ) 6,60 - 1,33 10,70 | 0,03} 0,54 -1,
b 0,9 f 0,5 [ 0,73 - 1,34 ] 0,83 | 0,11 | 0,36 ~ 1,02
T8 LB em -1 087013 0,62 -1,12
9 1,00 | 0,08 | 0,81 - 1,66 16,93 {0,13 /0,66 -1,6
10 108 1600 ] 6,65 -1, 4970,85 ] 6,170 0,56 -1,2
ni S - - .
Ti2 - - . -] - -
il 0,59 p 0,08 [ 0,22 -1,26 | 0,45 [ 0,11 ) 9,26 ~0,77 .
L2 g5 0,837 0,27 -0, 78 [ 0,52 011382 -0,
] | 6,63 [ 045 ) 0,32 - 0,5 |¢61)812]033 10,8
|4 058 00,15 40,33 -0,85{0,35{0177¢0,3% -],0
15 1,370,331 0,29 - 3,93 110,33 | 6,30 | 0,13 - L,
- Sex differences: The thoracic transverse processes are
highly significantly larger (P<D,005) in the 2Zulu male than
femule columns (Table 9.35), In the lumbar region the

Lransverse processes of Ll are almost certainly significantly
_lérger {P<0,05)  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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TABIE 9,35

t-Yalues of Be1 Differences in
. the Tranaverse Process Injex
Valves of 3nlv Thoracie and
[uabar Vertebrae

Yertehra | t-Vaime | B
b 2,903 {0,005
12 3,491 10,0005
1 1451 | 40005
b ] bo4,073 | 0,0005 |
% 3,99 | 0,005 |
T 5,023 | ©,0005
By 3,979 | &,0005
™ . S b 3,900 §o0,0005
™9 3,404 | 1,0005
| BT 5,655 | 0,0005
mni - -
¥i2 - -
i L0 0,05
L2 0,634 10,30
I3 0,801 16,25
I 08 {45 ,
I5 5,462 | 0,0

i.1.2 Tranéver‘ae_. Pi-oc'e.aa Index/Inferior Body Area R'atio.

In relation to the inferior body area, the size of the
transverse processes decreases from Tl to T10 in both male
and female Zulu vertebral columns (Table 9.36, Fig. 9.57).
The ratios of the f'rst four  lumbar vertebrae, which are
almost egual to one another are lese - than those of the
thoracic region while an increase occurs at the LS level.
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TABLE 9.3

The Mean Tranaverse Process Indes/Inferior
Body Area Batio Values in Zulu Thoratic
and Luwhar Vertebrae o

Vertebra | Males | Females
il i3l § 0,32
¥ 8235 | oM
n 6,21 | 0,18
1! 0,17 § 0,18
15 b,16 | 016
ﬁ ﬂ]lﬁ ﬁglﬁ ’
Ry 0,14 | 0,15
T8 0,14 | 0,15
113 0,14 | 0,14
11 0,4 | 012
w - -
o - -
L B 04 | 0,05
|2 (o, | 0,05
I3 0,65 | 0,05
It 10,06 | 0,04 : o '
| ES 6| st

1.2 Comparative Series

1.2.1 Tranaveraé Procesg Inder (gtp x ltp)

Davis {1961) reports the mean transverse process index of the

last threeilumbar vertebra’s in male and female West African
colunns . A comparison between these data and the results of
the present study on Zuluvs ({(Table 9.37) shows the same

pattern of a decrease to L4 and an increase to L5 in both

groupg. The traﬁsverse processes of L3 and L4 Zulu male
vertebrae are highly sigrificantly greater (P(O,QUBS)Ithan
those of the West African males, while no significant
difference is found betwern the last lumbar vertebrae of
these gfoups. The-transverse processes of the last three
Zinlu female lumbar vertebrae are highly significantly greater
{P<0,005) than those of the West African female vertebrae.
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TARLE §.37

.'the Kean tmsvérae #rovess Indes Valves uf the Liast Yhree Luabar

Yertobrae iv ult and Mest Mfrican Male Spizes (ca®} -

sl _ .Iegt Mricax
Bean | 48D | * Obsereed | Hean | 48D | Obeerved
| ommge || Range

Yertebra

Psw Josafos|ose -0} o] o0 ou-05
o | 458|615} 0,38 0,08 | 6,26} 0,00 [ 6,10 0,5
B | LI [03 009 4,9 [ 100 |05 ] 6820

Ferales: _
13 0,60 ] 0,02 10,3 - 0,89 | ,20] 0,08 | 8,20 - 0,56
I 0,55 | 0,17 { 8,35 - 1,02 | 0,26 [ 0,09 | 0,15 - 0,50
i L3 o3 o - e e loms- 1

fulu males: n=3

Zuly females: =30

et African males: =35
West African fesales: n =24

1.2.2 Transverse Process Index/Inferijor Body Area Ratio

This ratio has here been calculated for West African spinal
colunns from Davis's (1961) resulte on the last threéllumbar
vertebrae and compared with the results of the present study
{Table 8.38).  Though the Zulu transverse processes are
~ larger in relation to the inferior bod. area, both groups.
present the same pattern of a elight decrease from L3 to L4
foilowed by an inc;eéae to LS. '
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 YABLR 9.3

the Hean Tramsverse Process Index/Inferior Body Area Batio
Values of the Last Three [ambar Vertebrae of Julu and
¥eot African Male Spines

Vertebra | Hales  pemles |
“} ulu ) West Afriecan | 3ulu | west Africam

W o) oem {om| o
" 0% | o8 ol o

I3 o] 0,08 |12 9,07

 2' African and Asian Great Ape Series
2.1 Present Study
2.1.1 Transverze Process Index (gtp x ltp)

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 L1 are much smaller than those of the
. thoracic vertebrae (Table 9.39, Fig 9.58). 1In Za 1312 the
transverse procesa' gize increases from Ll to L4 while Za 95
shows a decrease in this size in the wupper three lumbar
vertebrae followed by a sharp increase at L4. The T1
transverse processes are the largest in the thoracic region,
while those of L4 are the largest in the thoracolumbar
region. | ' | '
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R 9.3

The 1’ranmrae Pronens Index Values in Indmdual Sels
of ajr1eaa and Asian Great Ape Thoracxc and Lnnbar
Yertebrae {ox?) _

-
]

Vertebra Gorill : Par
(B 132 j B 5 P B 1071 [ a0 | 2293
T 1,06 L] 46l | 1,82 0,67
¥} 2,00 L2 | o4 | 0,58 ) 0,52
13 1,52 L0y 4,55 1 0,51 0,5
4 1,56 1,180 0% | 4,59 0,58
b4 1,36 L4 0,3 | 65! o5
by 1,19 6,867 %45 | 0,827 0,68
% 1,3 0,857 0,47 | 0,64 0,79
™ 1,25 0.7 055 | L64| O
T 1,58 LU 08 | 4,631 4
i 1,61 L9 o051 | 0,74} L0
M2 - L.60 1 059 | 0,14 -
13 - - - - -
jal L 0,57 F 0,28 0,38 02
1i2 1,0 0,46 | 0,26 | 8,32 ) 0,42
13 1Ly o445t 0,17 | 0,341 £,36
) 2,14 L3 L6 | 1,5 472

The two Pan male sgpinal columns present a decrease in the -

traneverse process size from TL to T3, followed Ly @ gradual
increase to the second last thoracic vertebra (Table 9.39,
Fig. 9.59). The transverse processes of L1 in these columns
are smaller than those of the thoracic vertebrae. In the
lumbar region Za 1071 shows a decrease in size from L1 to L3
‘followed by a sharp increase at Lé. Za 94, on the other
hand, shows a decrease from L1 to L2 followed by a sharp
increase at L4.

In the Pongo female vertebral column, the size of the trans-
verse pfocesses decreases from Tl to T2, increases graduaally
to T7 and then sharply to Til (Table 9.39, Pig. 9.60). This
gpinal coiumn differs from the African great ape columns in
that the transverse processes of Til are the largest among
the thoradie vertebrae, not those of T1. In the lumbar
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. region, the transverse procesmes of L1 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
which occurs in the African great ape columnz. 1In these ape
colunns the transverse processes of L4 are the lafgest,
whereas T11 presents the 1argest transverse prPCﬂsses in this
Ponge column. '

' 2.1.2 Transverse Process Index/Inferior Body Area Ratio

_ This.ratio-decréases sharply bétWEeh the first two. thoracic
vertebrae and then graﬂually' to the second last thoracic
vertebra in the Gorilla male_columns (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
) mbar vertebrae, in relation to the inferior body area, are
larger than those of the rest of the lumbar vertebrae.

The two Pah vertebral columnns show the same pattern as the
Gorilla columns for thies ratio (Table 9.40, Fig. 9.62),., 1In
the Pongo female column this ratio decreasmes more gradually
to the level of T6 (Table 9.40, Fig 9.63). From there it
increases gradually and slightly &to Til. The transverse
processes of the lumbar region are smaller in relation to the
inferior body area than in the thorac;c reglon. The ratio
for L4 is the largest in the lumbkar region. '
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 BABE 9.40

Yhe Tfannverse Process Zadex/Inferior Sody Area Batio Yalues
in Individia Individual sets of Afriean and aslan Great Ap ggg Thoracic
and Lumbar Vertebrae

Vertebia derilla. | Pin Pongo
. |82 1312 F B2 95 | 3o 1071 | Ba %4 { B 93
el 6,30 6,36 0,20 053] 0,22 |
5} 0,19 1620 | 0,09 | 0,23} 0,16
™ 619 | 4,2 | 0,08 0,23 | 0,15
b 0,15 (46,20 | 0,09 -} 0,20 0,14
% uL |01t | g0 0,20 | 0,13
i 012 Jo1 | 0,09 ou i
T8 L (013 | 60 0,20 | 0,15
by oAl 10,13 | 410 g,18 | 0,4
b2l o2 0,12 [ 8,08 0,151 0,16
Tl 01 PO de | 8,08 0,181 8,17
T2 - B,15 | 0,08 | 6,14] -
T - - - - -
it 004 10,05 0,03 6,06 | 0,03
12 6,05 0,04 { 8,02 0,08 ) 0,05
13 6,06 *| G0 0,05 | ©,04
1 6,11 " 41 0,24 60

¥ TInferior body arex tnknown

3 Australopithecine Series
3.1 Present Study
3.1.1 Transverse Process Index (gtp x ltp)

Sts 14 presents an increase in transverse ﬁrocess gize from
the eighth last to the sixth last & 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).
The sizes of the lumbar trangverse processes are smaller than
those of the thoracic vertebrae. Though the transverse pro-
cesses of L5 are broken away, an increase occurs betwean L4
and L6. Stw 431 shows an increase in transverse process size
between the last two lumbar vertebrae (Table 9.41, Fig.
9.64).



Mean Traasverse Procexs Indes (cw?)

Transverse Process Index/infecior Body Area

0.24 —

Q.
[~

0.16

0.12
0,08

0.04

Lo

——Za 93

308

T ) | 1

i oo} 1 L I | FR SR IR WO | L 1

L

Lz L3 (4

1 1 I \ 1 1

T2 Y3 T4 T5 T6

T? T8 T9 TI0OTR Tz U

Vertebrae

Fxg. 9,63 The Tranaverse Process Indes/Infetior Body Atea Ratio Yalves in a slngle Set of

0.9
0,8
0.7
0.6
0.8
0.4
0.3
0.2

- 0.1

— Stg 14 {Female)

Pongo Felale thoracic and Lagbar Vertebrae

-2~ Siw 431 (Male)

3

—} }
778

¥ I 1

TS TIO T,

T2 U

5
1 —
7 T8 L2 L3

Vertebrae

Pig. 9.64 The Transverse Procean fnder Valnes m Tvo Sets of 2, afncanus Theracie and

Lowhar Yertebrae




309

MELE 04

She Sransverse Process Tnder Yzlues ip Individua) Bets
~ of & africanys Thoracic and Lembar Vertebrae {ow’)

Vertebra | Sts 14|  Btw 0 s
Thoracics | |
Btk g3
1 7th 0,3" |
fth | 648"
5th 420
ith 0,49
3rd = 8,1
Ind - .
lagt - - -
Lumbat;
Lt 0,22 -
| 52 0,2 0,32 ' .
I|3 0.35' - 0;32#
i b, 27 b,64F '
18 R T N L
16 0,38

t gnly left side preserved
§ oOnly right side preserved
§ Bither 12 or I3

3.1.2 Transverse Proceas 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 four
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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S28L8 9,42
The Trangverse Process Index/Inferior
Area Batio Values of Sty 14 Thorasic
and Lusbar Vertebrae

I - .
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.| KIS

“6th 8,2

5th 0,16
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Lombar:

Bl 2,06

Lz ﬂ,nﬁ -
13 0,07

1] 0,06

- 1B -

ib {,12

4 Intergroup Comparisons
4.1 '"Transverse Procesg Index (gtp x ltp)

In the thoraqid region, the anthropoid apes present an in-
.itial decrease in transverse process size £rom Tl to 12 in
Pongo, to- T3 in Pan and to T7 or T8 in Gorilia vertebral
~ columne (Figs. 9.58, 9.59 and 9.60). Thig decrease is
followed by an increase to the second last thoracic vertebra.
The most important 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




Tranaverse Process Index/Inferior Bady Area

Transverse Process Inﬁe: {en?)

F T T it

311

-Gty 14

°
»n
[

1 1 b . ] ] 1 i
i 1

2 _ g $ I x
T I J i 1 -+ - !
T8 T7T.OT8 TS OTIO OTH T2 @1 L2 L3 4 5 L6

o
.~
L&

Vertebrae

Pig. 9,65 The Transverse Process Indes/inferior Body Area Ratio Values in 3 Bingle Set of
- A&« africanus Female thoracic and Lumbar Vertebrie

——Zule - Gorilla (Za 96)

23
ok
1.7

14F
1.1
‘o8
0.6

0.2 +— } i ™= [ 1 F—fe—etrr———
T T2 T8 ™ 75 76 T7 T8 TS TWOTH TI2T1I3.1* 1 L3 4 LS

T

[ T R R TR TR DU SRR SR

TR
1

Yertebrae

 Figs 9,66 Yhe Transverse Process Index Values in Nodern Buman (n=30) and a Single Set of
Gorilla Bale Thoracit and Tumbar Vertebrae



312

' transverse processes diminish  from T9 to T10 (Fig. 9.66).
The lumbar transverse processes -enlargé gradually to L4
followed by a rapid increase in size at L5.

The size of the Sts 14 .thoracic'transverse processes is
smaller “han those in modern human and the anthropoid ape
cblumns, but the pattern of a gradual increas:z is in accord-
ance with that of these columns (Fig. 9.67). In the lumbar
region the incfease in the size of the last australopithecine
vertebra is smaller than in the modern human and pongid
vertebrae. '

4.2 Transverse Process Index/Inferior Body Area Ratio

The wvalues of this ratioc present +the same pattern of a
gradnal decrease from Tl to the second lamt thoracic verte-
bra, followed by an jincrease at the last lumbar vertebra in
modern human, pongid and australopithecine vertebrae. . The
only difference is that in one Pan and the Ponga'spinéi
columng, a slight increase occurs in the ratioc values of the
 lower thoracic vertebrae (Fig. 9.68).

" F The Body-Pedicle Anglé
.1 Modern Human Series
1.1 Zulu SBeries

In the thoracic regions of both Zulu males and females the
ﬁedicles'are directed npwards and backwards from _thé body
towarawy the laminae. A sudden decrease in the angle occurs
‘between T12 and L1 (Table 9.43, Fig 9.69). In ‘the lumbar
regions, the angle decreases from L1 to L4 and increases at
L5. The pedicles of L3 and L4 are nearly horizontal in both
groups. - ' ' :

[P

e
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Sex differences: No significant difference ié found between
" the body-pedicle angles of correspondlng Zulu male and female
'thora01c and lvmbar vertebrae.

The Hean_Bndz-Pedicle.aggle Yalnes of Zuln Thoracie and Tusbar Vertebrae

Jertehrae Hales : Females
: Hean | #8D Rahge | Mean | 8D Range
_ j chserved observed
7 | 18,11 3,25 IBB B- 11? D 11,5 | 2,15 | 104,80 - 1i8,0
v - 10,4 | 2,33 102, 5 - 116,80 | 110,6 | 1,50 | 107.0 - 114,0 _
L T 19,1 | 1,63 10?,0 - 113,68 | 1184 | 1,72 | 105,0 - 113,5
o] 180,0- | 1,79 § 143,5 - 113,5 § 110,0 | 1,68 | 105,¢ - 113,0
b ] 116,3 | 1,35 | 107,0 - 114,0 | 130,1 | 1;45 | 108,0 - 113,0
o 10,4 1,30 § 187,5 - 112,5 | 146,06 1 1,39 | 167,0 - 113,08
18 148,6 | 1,78 | 106,5 - 114,5 | 108,7 { 1,23 | 107,0 - 112,0
m 109,3 | 1,44 ) 107,0 - 112,5 | 109,2 { 1,18 | 107,0 - 11L,0 |
1 B1é 109,11 4,53 | 106,0 - 113,0 | £09,2 1 4,97 | 107,0 - 116,5
T 108,7 1 1,96 | 06,0 - 112,5 1 100,4 | 6,54 | 167,0 - Lig,0
£2 108,3 | 2,18 | 101,5 =~ 112;0 | 108,99 2,31 | 98,0 - 110,60
| - 98,9 1 2,61 | 94,0 - 1045 | L0O4 | 2,56 | 94,0 - 105,0
L2 1 %,9 12,44 | 90,5-102,0 [ 9,402,441 9,0~ 1000
B3 93,4 1 2,53 | 87,0 - 100,04 § 9,0 ] L,73 | 96,0 97,0
Ld 92,5 { 1,50 [ 91,0« 95,00 92,7 12,00 88,0~ 9.0
1 I8 94,8 1 2,43 | 88,0 98,0 95.4 2,04 90,0 - 98,0

1.2 Comparative Series

The results of the present study confirm for the Zulu spines
the pattern of superoposterior sloping 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,'198?). These data are
listed in Table 9.44 and presented graphically in Fig. 9.70.

The Zulu males present highly significantly larger angles .
{P<0,0005) than the Indian males, at the levels of T8 and L1,
while the difference at the I4 level iz almost certainly

L
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sigﬁificant (p<0,01). The' quy—pediclé angles of Indian
- males at the Ti2 and L5 levels are probably significantly
greater (P<0,025) than those of the Zulu males.

MBIE 0.4

the Mean Bndr-Pedicle Angle Values of fulv and Indian Kale

thoraeic and Lomhar Vertebrae

Vertebrae | Zule Indisp
Present Study | Pal & Routal {1986, 1987}

=¥ | L=

T 110,1 11t

"7 110,4 : it

¢ S 110,1 '

Mol w2 | >

 : I 116,6 m

(3 110,3

11 10,4 '

™ 19,6 108

M 108,3 B}

10 . 108,1

vt 0, 109

T2 08,3 10

1l %,9 05

12 45,9

13 B %

4 92,5 91

] 8,0 4

2. African and Asian Great Ape Series
2.1 Present Study

In both Gorilla male columng the pedicles are directed pos-
terosuperior in ' the thoracic region. An initial decrease
occurs in the upper thoracic vertebras followed by a more
gradual decrease to L2. The angle increases at L3 and de-
creases again at L4 (Table 9.45, Fig. 9.701).

' COnspicubua features of this angle in the Pan columns are an
increase from Tl to T2 and a decrease from TS to T8 and T9 in -
both columns. From this level Za 94 shows an increase in the -
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body-pedicle éngle from T9 to T10, followed by a sharp de-
- crease to L4. Za 1071 présénts-a decrease from T9 to T10 and
Til followed by an increasz to T1l2 and a strong decllne to L&
(Table 9.45, Fig. 9 72} . :

In the Pongo vertebral column this angie increages from T1 to
T3 and then decreases to L2. An increage occurs at L3
followed by a sharp-décxease at L4 (Table 9.45, Fig. 9.73).

'TABLE 9,45

The Body-Pedicle !mgle Vaives in Individeal Sets of afnnn
mi Asiav Great Ape- ?kmm.c aud Lumbar Vertebrae

Vertebra wrills P | ponge

Ba 1312 | %2 95 { 2a 3071 | Ba 04 | %a %3
| Male | Male | Hale | Hale | Feaile
3] CME,0 {137,0 ) 140 f113,0 ) 11,0
" WL Um0 p US6 | 116,01 112,0
M 17,0 ¢ 116,04 { 114,0 § 15,5 113,0
™ b o1L,0 | 116,0 ) i14,0 | 115,01 112,40
%o 1,0 12,0 ] 14,0 115.0 109,0 |
% 10,0 15,0 ) 1130 f 1140 108,0
by 10,0 | 11,0 § 16,6 | 112,0 ¢ 167,0
{1 16,0 | 11,0 | 9,0 § iiL,0 [ 107,0
4 109,0 | 110,0 § 209,8 | 11,0 { 106,0
Tt 169,0 1§ 168,0 | 06,6 | 112,0 | 106,0
i1 8,0 (10,0 ; 96,0 | 11,07 105,8
"2 08,5 | 108,0 [ 17,5 | 110,51 105,90
M3 . 1070 | 106,0 | 109,0 -
Bt 105,85 05,0 | 63,4 qL%5 | i
I 104,0  104,0 | 103,0 | 205,60 102,0
B 167,0  105,0 | 01,0 | 12,9 ¢ 105.9
‘| 14 1024 | 103,80 97,5 00,5} 9,0
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3 Bustralopithecine Series
3.1 Present Study

Ih.the preserved thoracic vertebrae 6f Sts 14 the pedicles
are directed backwards and upwards from the body towards the
 laminae. The angle of the second last thoracic vertebra is
'cbnsi&erably_smaller-than those in the rest of the preserved
thoracic vertebrae. From this level the angle increase=s to
L1l and decreases to L2. Both 5ts 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 2.46, Fig. 9.74).

* TABIE 9,46

the Body-pedicle Angle ¥alues ia
Individval 8ets of 4, africanay
- horacic and fumbar Vertebrae

Vertebrae | Sts 14 |  Stw 431

thoraeic:

th Jast | 110
fth last 1 110
Sth last | 6%
4th fast | 109,5

rd last § -~ | 113
| 2nd last {183 | -
last s -
Tumbar:
Ill 110!5 Ll
L2 _ 104 102,5
13 166 "
I 105,5 1"
15 93 93¢
| 16 R

* Only right side preserved
§ Only left side proserved
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4_ Intergroup Camparisbné

2 comparison of the three series shows larger body-pedicle

angleg, which indicates a larger superoposteribr slope, in '

the upper thoracic vertebrae of the anthropoid apes than in

modern man (Figs. 9.75 and 9.76). In the Ilower thoracic

regidn, the anthropoid ape vertebrae ﬁrésent_ » sharper

decline in thisg angle to slope'iess-auperapostériorly than in .

modern man. The difference between the angles of the last
' thoracic and first lumbar vertebrae is larger im 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 twa verte-
brae in modern human and anthropoid ape columns, Sts 14
presents an increase from the second last thoracic vertebra
to Ll. In the modern human lumbar region the slope of the
pédicleS'declineé from Ll to L4, followed by a slight incline
at L5, In the anthropoid ape series, the Gorilla and Pongo
vertebral columns present. a declihe-in t.is angle from Ll to
L2, followed by an incline at L3 and a decline to L4 whereas
the Pan columns show a decline from L1 to L4. The A.
africanug 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 hody are thus those of the second last lumbar
vertebra in modern man and those of the last lunbar vertebrae
in anthropoid apes and in A. africanus. The general pattern
of the A. africanus graph (Fig. 9.76) seemzs to be closer t¢
that of Ponge than to modern man. -

- @. Discussion

The inferioy ‘body surface area increases from Tl to the
gecond 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 congecutive vertebrae is expected gince the com-
pressive force increases as each veértebra bears the weight of
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all ¢f the body above it.  1In 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
conpressive 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 tranemission from

L5 to the'pelvis'-inamodern human spinal columns. He con-
cludes that the decrease in body area from L4 to L5, asscci-

ated with an increase in the pedicle and transverse 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 ip transmitted
through the trénsverse processes ana, by inferende, throﬁgh
the iliolumbar ligaments to the iliae crest.

Inoreased interest in low back pain recently has served to
spur on vresearch into the biomechanics of  the posterior
- elements of the lumbar vertebrae. Indirect measuring methods
show that lumbar articular facet Joints are capable of
tranemitting compressive forces. Nachemson (1960} has
neasured the intradiscal pressure, with and without the
posterior elements. He at first concluded that the facets
were capable of carrying 18 to 20% of the vertical load, but
this conclusion was later retracted (Nachemson, 1963).
Lin et al. (1978) have studied the load~bearing réle of the
posterior vertebral elements of the lumbar vertebrae through
strain gauges placed on the Jlaminae of the upper of two
vertebrae in a motion segment. The gauges recorded the
strain in the laminae. They state from their resultsi
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"These data reaffirm the importance of the posterior

elements and lumbar\articular_ processes, which tend

to waintain the lumbar gpine in hyperaxtension and

thereby ta increase the loadbearing capacity”.
" (op.cit., p 51) '

adams and Hﬁtton {1988} also use an indirect method to study -
the_rSle-of'the articular facets - in resisting intervertebral
compressive foreces. They use -a Bpecially designed angle
plate to load lumbar segments at specific angles and conclude
that, after the intervertebral disec has been reduced in
height by a period of zuatained loading, the apophysial
joints resist about 16% of the compressive forces in the
erect standing and thus lordotic posturé. Yang and King
(1984) use an - intervertebral load cell to measure load
transmitted by lumbar articular facets indirectly. They
conclude that normal lumbar articunlar 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
the-artidular facet doints. He has included this function of
the facets in the three-pillar spine concept for spinal sta-
bility and weight-bearing which bhe has proposed. According
to this concept descending forces between C2 and L5 ére

transnitted through three pillars, arranged in a triangle.

The antéript pillar is formed by the wvertebral bodies and
intervertebral discs and the two posterior pillars by suc~
cesgive articular processes. The three pillars are rein-
forced by horizontal haré. the pedicles and laminae. This
three-pillar concept does not however take into account the
spinal ocurves and the form and position of the articular
facets. ' .

Pal and Routal (1986, 1987) have rFecently developed an
hypotliesis - oh weight transmission <through the vertebral
column on the basis of morphological and mechanical features
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of the dry vertebral column. They are of the opinion that
between €2 and ¢7 weight is transmitted through the three

pillars postulated by Louis (1983, 1985); an anterior pillar
formed by the bodies and inturvertebral discs, and two
posterior pillars formed by the strong bar-like articular

facets. At €7 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 Iliving state, by the posterior ligamentous complex.
This two-pillar system, 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 game in the thoracic and lumbar regions (Fig.

9.77). - The pedicles, where they are inclined towards the
vertical, play an important réle 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 ceéervical and the Jlumbar regions tend to
increase the load which is carried by the posterior piilar,
whereas +the anteriorly concave - thoracic curve tends to
concentrate the load in the anterior pillar.

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

in the axis (€2} Pal and "Routal {1986) find a significant
- correlation between the areas of the superior articular
surfaces, oh one hand, and the total area of the body and of
the two inferior articular facets, on the other hand. This
indicates that the compresgsive 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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Fig. 9.71 Diagraamatic Representation of the Positions of the Weight Bearing Pillars in
the Cervical (A}, Thoraeie (B} and Lumbar ({) Benisns
{after Pal and Boutal, 1986)
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compressive force resgolves into two-componehta; one acts

- downwards and medially to the inferior surface of the body
- and the other dowawards, backwards and laterally, through the,
‘strong and inclined pedicles to the inferior articular
‘facets. The ioad ig thus carried downwards to C6 in three
pillars. The surface areasg indicate that approximately 54%
of the compressive force applied on the superior articular
surfaces is  transmitted through the vertebral bodies and
approximately 46% through the inferior articular facets. The
strong bar-like articular facets form two Btrong'pillars{
‘situated wide apart, posterolateral +o the bodies. These
pillars corroborate thie high percentage of cdmpreasive_force
which, it is suggested, iB carried by tham.

Below C7 the two strong bar-like articular facets are incor-
porated into the laminaes to form one posterior pillar of
successive articulations of laminae at their articular
facets. The mechanism of weight +%“ranemission 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
passing through the inferior articular facets. Aence, the
compressive force transmitted through® the inferior articular
facets of a vertebra shuuld be the same as that tranamitted
thfough the cross-sectional area of the laminae. Pal and
Routal (1986) find a decrease in inferior articular facet
area from €7 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 f£rom the laminae to the
body provide supporting evidence for such a transfer.

The results of the pregent 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 frbm. 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 increases gradually from T1 to T1Z2, This
‘indicates a grnadual increase in weight transmission by the
anterior'pil‘ﬁr Irom above downwards. The cross-sectional
area of the laminae dECEeasgs from T1 to 5 or T6&. The
larger laminae of the uppefmoat“thoracic vertebrae indicate
that they <transmit a greaEEr load than the laminae of the
ﬁidthoracic 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 Tl
receive the weight transmitted through 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 e¢lose association with the appendicular skeleton of
the'ﬁp@er lirhb. 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 nost of ‘the load .through the laminae of Tl 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 =s8ize of the upper thoracic transverse
processes found in the present study underlines the increased
load which is transmitted to Tl via the first ribs.

.The lamina area increases from T5 or T6 to TL10. If the
decrease in the load trénsmitted through the upper thoracic
laminae is kept in mind, this increase pointe to the laminae -
receiving additional weight from another source. The present
study shows an increase in the size of the transverse
procesges of T§ 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
vocurs between the trend shown by the'index values and that
shown by the index/inferior body area ratios. ‘The lamina and
the arch index values show an increase, while the lamina
index/inferior body area and the arch index/inferior body
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area ratios &ecrease. It seems thus that, though the laminae
increase graduaily from T5 to Ti0, additional load is
transmitted through the vertebral bodies. In aEsociation
with the increase in  the pedicle size and the pedicle
index/inferior area ratios in this region, it seems a=s if
most of Lhe additional weight from the ribs is trar... . sd to
the vertebral bodies. The mechanism of weight transfer
suggested by Pal and Routal (1987} is that the weight is
received from the riba via the cqatotransverée 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
aegrease from T9 or T10 to Li. This would indicate that the
laminae of T1l and T12 tranemit less weight than those of the
preceding vertebrae. The laminae of Til and T12 do not
receive additional weight from the last two ribs which are
rodimentary and do not articulate with the transverse
processes. In addition the decreases in pedicle index values
from Tl1l or T1i2 to L2, and in the pedicle index/inferior body
area ratio from Tll or Ti2 to Li 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 1load 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. BApart f£from the additional
segmental ioad which is added at each level, the gradual
increase in the first three lumbar vertebrae seems to reflect
the downward transmission of weight received frow the laminae
of T12. This is corroborated by the weak and horizontal
pedicles which do not enhance weight transfer between the two
pillarg. . - '
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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 ig however smallef 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 iafge increase in'pedicle, lamina and trans-
verse process gize. In both Lé and L5 the dimensions of the
posterior élements suggest that weight is transferred from
the anterior to the posterior pillar, moderateiy'in L4 but
markedly in L5. The inclination of the pedicles is alwmost
horizontal, but, due to the dinclined . position of the L5
 vertebral body, the pedicle inclination ig increased. Load
through these inclined pedicle5 éhould 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
colunrns load will only pass towards gravity. But if
such a beam is - free towards its lower end it will
transmit the load even against gravity".

(op.cit. p 102)

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

Pal and Routal (1987) do not mention the increase in the size
of the L% transverse processes reported by Davis {1961) and
observed in the present study. Davis (1961) findes that the
~amaller the body area of L3 in relation to L4, the bigger the
size of L5 pedicles relative to those of L4.  This would
éuggest thét part of the vertical compressive force is trahsf‘
mitted to the pelvis via the neural arch. The aamé.signifi—

“
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Fig, 9.8 the Inclined Position in L5 of Kodern Man ond the Besolution of the Verbical
Dovasard ¥orce lafter Daviz, 1961)
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cant inverse relationship iz found batween the transverse
process size and ine inferior area of L5 relative to L4. He
suggests that, in wmodern man; the norral lumbar lordosis
present. in the upright posture places the dii surfaces at an
"éngle to the vertical, so that the conpressive force from
above can be resolved into two componeats {Fig.. 9.78). One
component, aéting obliguely 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 Ilumbar and lumbosacral
articular facets and by the iliclumbar ligaments which pass
‘obliguely forwards from the transverse processes to the iliac
crests. The significant inverse relationship hetween the
pédicle size and inferior area of L5 relative to L4 supports
his view that in the human spine the neural arch is responsi~

ble for transmission of part of the vertebral compressive

force from the vertebral column to the peivig. The similar

relationship in the size of the transverse procesges sFound 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.

The author 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 algo to the transverse
procésses 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 tranaverse
process of L5 which passes posterolaterally, in line with the
long axis of the transverse procegs, to attach to the iliac
cresgt. If the body'and the transverse process, which spreads
its base forward on to the body, and the anterior ilioclumbar
ligament of LS are considered to form an inclined beam which
is free at the lower end and is fixed posteriorly at the
ilium, part of the load received by the vertebral body will
be trangferred upwards . through the strong transverse pro-
' cesses'and'the-ilioluﬁbar 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 the results of a comparison between modern human and
the African and Asian great ape spinal columns are discussed,
it must again bé emphagsized that in the present study only
five anthropoid ape vertebfal columns have been available for
mensuration. The results must thus be regarded as.highly
tentative.

The inferior 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 %he 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 T1
to £ T5 and then to increase to Ll or L2. These data present
thus the sane tehdenciea as modern man up to Ti0. The mech-
anisms of weight transmission downwards and of load transfer
between the anterior and posterior pillars in this region of
anthropoid ape apinal columns thus probably correspond with
these demcribed for modern human columns,

In the last two or three thoracic vertebrae the pedicle gize
of apes differs from that of mndern humans. In modern man
the pedicle' size decreases from TLL ~er T12 to L2, whereas
thisg size increases to Ll or L2 in the pongid spinal columns.
Associated with the increase in pedicle size are an increase
in the transverse process size and a decrease in lamina size,.
dowr. to the second last thoracic vertebra of the pongids. In
all five ‘ape spinal columns, the second lagt 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'ia transferred to the anterior pillar
through the strong inclined pedicles than is received by the
transverse processes. '

- The resulta for the lumbar region diffey conaidgrably between

the ape series and modern man. Whereas the lamina size
increaseg from L1 to L5 in modern man, in all five #pines of

anthragoid apes a decreagse occurs from Ll to L3, while in-

three of the five columns a further decrease occurs at Lé. 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 very clear, the general tren. seems to be an
increase down to L2, followed by a decrease at L3 and an
increase at 4. 7The arch index also decreases . ¢ to L4
which indicates that the posteriof piliar - »a. - ihe
anterior pillar downwards, With the vertebra. - ;umn in the
'oblique pogition, the pedicles represent inclined heans
between the anterior and posterior pillars sud load is thus
transferred from posterior to anterior by g:avify._

At the level of the last lumbax vertebra both the body area
~and the lamina size in the apeg decre&ae, in contrast to the
increase in lamina size of the last modern human lumbar
vertebra. In association 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 jart of the vertical com-
presgive forece is thoﬁght to be transmitted to the posterior

arch via the strong pedicles. This force is transferred

partly to the sacrum through the articular facet joihts and
partly to the pelvis via the strong transverae processes and
the iliolumbar ligaments. From the data on the pongids it is
‘evident that the laminae do not transmit additional load at
this level. Tt seems thus that a different mechanism of

s
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weight transfer to the pelvis_characterizés' the apesi the
major mechanism for weight transfer would ‘geem to involve
enlarged transverse processes of the last lumbar vertebra.

. The pdngid vertebral columns do not present a lumbar lor&oais_

"and therefore the abrupt change in difection'betwéén the last
lumbar vertebra and the sacrum which occurs in modern man, ig
not present. The last two lumbar vertebrae lie embedded
between  the 'superOQinfefibrly | elongated iliac bones.
Recently, an opportunity'haa'arised for the author to dissect

the iliolumbar ligameits 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 ligamént' 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 judge&' by appearance. These results
correspond with the description of the iliolumbar ligaments
in Pan (Sonntag, 1%23) and in rhesus monkeys (Pun et al.,
S 1987) .

The decreasre in inferior body area of L4 in our pongid spines
guggeste that part of the weight received from above does not
reach the sacrum through the inferior surface of the Bady.
The enlarged pedicles suggest transfer of weight, but not to
thé postérior 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 procésses
aof the.last lﬁmbar: veftébrae_ show tremendous increases in
most of +the pongid columns. From these results and the
presence of strong ilioclumbar ligaments which attach the last
lumbar vertebrae 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 ig transferred to the pelvis via the

enlarged traﬁsverse processes and the jliolumbar ligaments.
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Fig, 9.79 Obaerved Iiiolusbar Liganents in & Dissected Gorilla Female
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The relation between the iliolumbar ligaments and the upright
posture has been stressed in recent studies. = Pun et al.
{1987) compare rats, rabbits, dogs and rhesus iionkeys and
show that only the latter, which are able to git  in an up-
right position, pogsess iliolumbar ligaments. Luk et al.
(1986) find that the iliolumbar ligament is not present in
modern man at birth. It develo?s gradually from metaplasia

of muscle fibres of the quadratus lumberum muscle into col-

lagen fibres during the firet two decades of life. Both
._these studies sﬁggest that the development of the iliolumbar
ligament is dirvectly related'_to stress created across the
lumbosacral junction when the erect posture is assumed.

A comparison of the A. africanus results with those of the
modern human and pongid vertebral columns shows that the same
tendencies, and thus presamably the same weight-bearing mech-
anism," occur in the middle theracic 'region of all three
groups.

At the thoracolumbar junctional area the pedicle gize of Sts
14 increases from the second last thoracic vertebra to Ll.
This increase resembles the pattern'presented by the anthro-
poid apes. Modern human columns, on the other hand, show a
decrease in pedicle gize from T11 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 humén
vertebrae at this level. The increase in the pongid pedicle
sizes down to L2 suggests that, in the thoracolumbar junc-
tional area, of the load tranamitted 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 from L1 to L3. Unfortunately the
'inferidr body areas of the last two lumbar vertebrae of Stw
431 are not available. Sts 14 shows a slight decrease from
Ll to L2 followed by an increase at L3. Relative to the body
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area; the lamina gizes of. Ll and L2 of Sts 14 are equal,
fcilqwed by a slight increase at L3,_while the pedicle size
' decreases from Ll to L2 and L3, the latter two of which have
- equal values. These data indicate that no trangfer of weight
occurs from the posterior to the anterior pillar in Scs 14 at
Ll to L3. Each pillar thus transmits the load from the ver-
tebrae above, pius the segmental load which ie added at each
level and seems to influence the anteriot pillar to a greater
degree in Sts 14.  The mechanism of weight transmission at
the level of the upper lumbar vertebrae 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 transverée process size
present equal ratio values from L1 and L4, Although the
authoyr is ablé to offer no explanation for the apparent
slight decrease in both the anterior and posterior pillars in
St 14, it seema that very little if any weight transfer
occurs through the pedicles or transverse processes. -

In the last two lumbar vertebrae of Sts 14 the inferior body
area decreases. In modern human and ape spinal columns a
decrease is found only in the last lumbar vertebra. Associ~
ated with this decrease in body area in S8Sts 14,  the lamina
index increases from Ll to L5. An increase is expected also
in L6, a= ruggested by the reconstructed laminae. The lanina
index/inferior body area ratio also shows an increase from Ll
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 Ste 14 are the same ag for L4 and LS in modern
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huﬁan spinal columns. The same mechanism of weight transfer
from the anterior pillar to the -pbsterior pillar, as in
ﬁodern 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 lagt.luﬁbar. vertebra pf_mod&rn_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'ﬁhe'inclined_ position of +the body of
LS. If weight is transferred from the anterior to the pos-
terior pillar to a marked extent in the lagt two lumbar ver-
tebrae of 8ts 14, it may reasonably be inferred that both of
these vertebrae were most likely carried in an inclined pﬁsi-
tion (Fig. 9.80). In other words, L5 was probably situated
‘at an angle relative to.LG. and L6 at an angle relative to
the sacrum. Instead of the abrupt angle between the last
lumbar vertebra and the sacrum present in modern human verte-
bral columns (Fig. 9.78), 5ts 14 seems to have presented a

more gradual trangition through a more gently curved lower

Jumbar region.

In the previoua'chapter it was recorded that both of the last
two lumbar vertebrae of Stz 14 are markedly wedge-shaped:
‘this observation would seem to support this hypothesis.

Unfortunately, the transverse processes of the second last
lumbay vertebra of Sts 14 are broken. Whereas the transverse
procegzses of the modern human second last lumbar vertebra
show a slight decrease in cross-sectional area, an increase
would be expected in Stz l4,since a deerease in the inferior
body area is associated with an increase in lamina size. The
attachment of a more rostral part of the iliolumbar ligament

. "
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pig. 9.8¢ Proposed Inclined Position of the Last Two Lunbar Vertebrae of Sts 14
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to the 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 Stsm 14.

To confirm whether or not the presence of +the "extra® lumbar
vertebra in Sts 14 is the reason for this proposed more
gradually curved lower lumbar region, the~inferior'bq&y areas

of the lumbar vertebrae of mix Zulu male'spinal ¢olumns with

gix lumbar vertebrae each have been .calculated. in these
golumns a decrease in' the inferior body area occurs only at
 %u last lumbar vertebra. ' '

In Stw 431, the seéond last lumbar vertebra is of eéuai an~
terior and posterior vertical heights, while the last lIumbar
vertebra is anteriorly wedge-shaped. Unfortunately, the
inferior_veftebral body areas of these two lumbar vertebrae
are not available. It is thus  not known whether an 2,
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 Ste 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 the manner of modern human pedicle
gizes and &g preciably more rapidly than those of Sts 14.

The mechanism of weight +transfer between the last lumbar
vertebra and the pelvis seems to be the same in Bts 14 and in

modern human spinal columns. The decrease in inf- ‘r body
area is asgociated with an inc¢rease in the pedicis . .. ; the

" lamina index, the transverse process index and the arch
index. Relative to the inferior body area thess index values

- also show an increase. Weight is transferred from the last

lumbar vertebral body to the posterior arch. Part of this
neural arch transmission iz carvi~d through the laminae and
inferior articular facets, while -ru is carried through the
transverse processes  and, by inference, through the ilio-
‘lumbar ligaments. ' - |
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Summary and Conalusion

" The metrical trends stown by Zulu vertebral columns are

gimilar to those of Indian spines (Pal and Routal, 1986,
1987). |

In the thoracic region the transverse process index_and

- transverse process index/inferior body area ratio con-

firm for the Zulu spine the mechanisme of weight trans-

- £er between the anterior and posterior pillars suggested
by Pal and Routal (1987). '

In the thoracic region, down to the level of T10, the
trends presented by the lamina, pedicle, tranaverse
process and arch indices and by the ratios of these
individual values to the inferior body areas suggest that

at ‘this level human ;an& pongid vertebral columns are

adapted to the same mechanisms of weight transmission
downwards and of weight transfer between the anterior and
posterior pillars of the spinal columns.

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 strongly -inclined pedicles. Such transfer is asso-
ciated with a decrease 'in pongid lamina =ize in this
region. ' |

In the lumbar region the laminae of apes decrease in size
from L1l to L4, while those of modern man and of Sts 14
present an increase. More weight is thus transnitted
through the posterior pillar in the two hominid groups.
This may be assoviated with the lordotic curve which in

" these hominids tends to transmit more load to the pos-

terior pillar.
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At the 1last lumbar vertebra in modern human spinal
columng, a decrease in inferior body area is associated
with an increase in pedicle wmize, in lamina area, in
transverse process size and in the ‘arch index. At this

" level the ape spinal columns show an increase in the
- pedicle and transverse process sizes, but a decreasge in

the lamina size and in the arch ihdex._ 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 arch. The increased sizes of the

transverse processes and the laminae suggest that part of

this neural arch' transmisgsion is transferred to the
pelvis through the laminae and part through the trans-
verse prQESseB and the iliclumbar ligaments. In the ape
spinal columns, part of the weight received by the body
of the last lumbar vertebra is thought to be transferred

"to the ilia through the <transverse processes and the

iliclumbar ligaments, but not through the laminae. The
absence of a lordotic curve and the enclosure of the last
two lumbar vertebrae between the iliz are thought to play
a réle in the increased transfer through the transverse
processes.

The last Jumbar vertebra of Sts 17 preeents the same
metrical features as those of modern human vertebral
column~. = This suggests the same mechanism of weight

- transfer to the pelvig at that level. However, the .

transnimsion of load through the lumbayr reqion differs
from that of modern man, in that in Sts 14 the iwferior
area of L4 decreaseg slightly, followed by a more defi-
nite decrease in thé_lést two lumbar vertebrae. From the
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

neursl arch. It is found that both these ver‘sbrae are
anteriorly wedge-shaped. Accqfdingly the author propuses

‘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
gacrum, These results suggest that Sts 14 displayed a
more gradually curved lower lumbar region and a less
abrupt lumbosacral transition than obtains in modern man.
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~ CHAPTER 10

GENERAL .CONCLUSIONS '

Contents of Chapter:

A. Differences-béfween Afri@ah énd’Aéi&ﬁ Great Aééé

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

C. The Poature_of'Austranéitheaus

D. The weight—bearing Mechanism of A. africanus

A. Differences between African and Asian.Great Apes

The outstanding difference between African 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 distanetly further in the Asian than in
African great apes. Pongo vertebral columns present a mddal
nunber of 23 PSV with almost equal (no seignificant 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 & significantly
greater tendency towards shortening than 1engthenihg.
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In the thoracic region Pongo vertebral columns présent 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
nunber of fourteen thoracic Vertebrae in Pan columns while
Gorilla columns present an almost egual distribution of the
plus- and minus-variants.  Pongo vertebral ' columns, on the
other hand, preseﬁt 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_caltmns. The frequencies cof the spedific vari-
ants show a strong tendency towards shortening of African
great ape iumbar region. Pongo presents a greater, though
not significantly so,,inéﬁdénce of five than of three lumbar
vert.brae. This apomorphr’~ trend to shortening seems to link
the African apes, Gorilla an« Pan, closer together,

B. - Differences between African and Asian Great Apes and
Modern Man '

1; Numerical Traits

The modal number of PSV suggests a cloger relationship
between modern man (24 PSV) and the African great apes (74
PSV) than between modern man and Pongo (23 PSV). Gorilla and
Pan, however, show a higher tendency to departures from the
mode than Homo sapiens. In the frequencies of variations of
the numbers of PSV and of the numbers of lumbar vertebrae,
modern man shows greater tendencies to iengthEnihg in
-contrast with Pan and Gorilla which tend to shorten both the

vertebral column and the lumbar region. Pan, however has a

definitely stronger tendency to 25 PSV than Gorilla.

e L
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Phylogéneticaily shortening of the vertebral column thus haé_

gone distinctly further in Pongo than in African great”apeé
and in. moderh man. It corroborates the current opinioh on
the cladistie 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 oréng-utans,
followed by a saplit between honinids, chimpanzges and
gorillas. Evidence as to the order of the lasgt divergence is
at present equivocal. The higher frequency of 25 PSV in Pan
than in Gorilla vertebral columns, gupports evidence from the
amino acid sequence data which hintsz at the possibility that
Pan is more dloaely related to Homo than to Gorilla.

2. Other Non-metrical and Metrical Traits

The general vertical vertebral index values of modetn human
lumbar regions indicate moderately good bony adaptation to an
anteriorly convev lumbar curve (lordosis). In contrast the
Gorilla and the Pan columns present goad bony adaptation to
an anterlorly cencave lumbar region.

Differences in the morphology of the articular facets cf
moderrn human and.anthropoid ape lumbar vertebrae are closely
associated with the difference in curvature. In modern man
thr: 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 lumbidr 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 superior
“articular facets face progressively more medially from the
first to the last lumbar vertebra. The tendency to anterior
‘displacement of the lower lumbar vertebrae is considerably
leas in the pongid anterlorly concave lumbar region. The
lagt two lumbar vertebrae are furthermore embedded between
the supero-inferiorly elongated ilia to which they are



348

attached by strong _iliolumbar. 1igamén£s"in much the same'
manner as the sacrum. This strong arrangement resists the

possible tendency of forward displacement of the last two

lumbar vertebrae due to the obligue posture of the.vertebral

" eolumn 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'afe 'probably placéd further apart to carry a larger
part of the vertical load, as part of the load carried by the
vertebral bodies ig transferred +to the laminae of L5 due to
the obligque position of this vertebra in the lordosis
{discussed under the next héa&ing);

3. Weight=-bearing Mechanismn

The results of the present study on the inferior vertebral
body areé, the pedicle mize, 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, 1987) results for modern human (Indian)

vertebrae, The transverse process size corroborates some of

: theif explanations of weight tranafer to the pelvis. It thus
agrees with the mechanism of weight trausmission through the
vertebral column proposed by them, except at the level of L5.
In eszence two weightbearing pillars, an anterior formed by
the vertebral bodiesg and a'posteficr formed by the laminae
and articular facets are proposed, with the pedicles piaying
an important réle in the transfer of load between the
 pillars. - |

I
1.

§

!

s
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' The pongid thoracic regions present the same tendencies as
modern man between 71 and T10. This 'suggests the same mode
of weight transmission through +this regicn in pongid and
modern human vertebral columns. The posterior elements of Ti1
receive the weight transmitted through the cervical region
(Pal and Routal,-lQBG)-via_the inferior articular facets of
.¢7 plus the additioral weight transmitted by the first ribs.
Between_TI.and 710 additional weight ' received 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'laét two or three thoracic vertebrae pregent an
increase in pedicle size in contrast with the decrease shown
by modern human vertebrae., This increase in pedicle'size is
agsociated with an increase in the 'transverse ?rocess gize
and a decrease in lamina size, down to the second last
thoracic vertebra. It is found that, in contrast with modern
man, the second last ribs still articulate with the trans-
verse processes in all five pongid spinal columns and thas
transfer load to it. This weight is transferred to the
anterior pillar through the satrong inclined pedicles of the
last thoracic and first lumbar vertebrae. '

The results of the lumbar region differ considerably between
the ape . series and modern man. In a dompariaon of the upper
~ three lumbar vertebrae modern man shows an increase in the
- anterior pillab gize, the posterior pillar sgize and the
distaace between the two pillars. These resulta seem to
reflect thes downward transmission of weight received from Ti2
and the additional segmental load added at each ievel in the
two pillars with no weight transfer between them.as indicated
_by the relatively weak and horizontal pedicles. . The pongid

columns, on the other hand, present an increase in the an-—

terior pillar and pedicle sizes of Ll to L3 associated with
decreases in the posterior pillar sizes and the distance
‘between the pillars., It iz suggested that the pedicles re-

-
i
1
(
4
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present inclined beams between ‘the anterior and posterior
‘pillars due to the obligue pasitioﬁ of the ‘pongid vertebral
'golumns and that load is thus transferred from the posterior
to the anterior pillar by gravity. '

The.large increase in the lamina gize of L4 in modern man is
accompanied hy a small increase'in the inferior body area and
strong pedicles. The dimensions of the posterior elements
suggest moderate transiér of'weight from the_antéfior to the
posterior pillar. '

At the level of the last lumbar vertebra both. poengid and
modern man present a decrease in the inferior vertebral 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 (1987} broposed.mechanism of weight transfer to the
pelvié 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-
gacral 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
to the pelvis via the strong transverse processes and, by
inference through the iliolumbar 'ligémenta as proposed by
Davis (1961). '

The decrease in the inferior quy area of the last lumbar
‘vertebrae of the pongid vertebral columns is associated with
" decreases in the lamina size and the digtance betwesen the twb
pillars and by marked increases in the pedicle and transverse
process sizes. The obligue pongid vertebral columne do not
present a lumbar lordosis and therefore the abrupt change in
direction between the last Jumbar vertebra and the sacrum
which ocours in modern man, is not present, Inétead, the
- last two lumbar vertebrae lie embedded between the supero-
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inferiorly'elongated iliac-bpnes_and strong iliolumbar liga-
ments attach the last lumbar vertebra to the ilia in much the
same manner as the sacrum. The rasults 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 summarise it may be said that load is transferred from the
posterior to the anterior pillar in both modern human and
pongid thoracic regiong where the curvature is anteriorly
concave. In the modern human lumbar region where the
curvature is concave posteriofly, the load-is transferred
from the znterior to the posterior pillar and to the trans-

verse processes in L5. Pongid lumbar regions present anteri~

orly concave curvatures and load iz seen to be transferred
from the posterior to the anterior pillar in the upper three

vertebrae, In the last lumbar vertebra which is embedded

between the _supero—inferiorly elongated  ilia, weight is

tranasferred f£rom the anterior pillar to the transverse

processes.
C. The Posture of Australopithecus

The general vertical index values indicate good bony adapta-
tion to an anteriorly convex lumbar curve in Sts 14 (between
L2 and LG), an A, africanus female partial vertebral column.
Moderate to good bony adaptation to an anteriorly convex
iunmbar region is expresaed_bylstw 431, an A. africanus male,
partial column, These results correspond with those of
rmodern human male and female vertebral columns, The curva-
ture, orientation and gOnfiguration 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 wrogressively more backwards than
medialwards from the first to the last lumbar vertebra. ILess
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 obliqﬁely 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 szme
'_stresses as do modern human vertebrae, in a lumbar lordosis.

The articﬁlar’facets of'the A. africanus last Jumbar verte-
brae seem to be placed wide apart so as to form a rectangle
with its long sides horizontal, when V1ewed -from behind.
This corresponds with the conflguratlon of the articular
facets of a modern human Jlast lumbar vertebra and is in
contrast with the trapezium with its base narrower than its’
top shown by the pdngid vertrbral columns. It is thought
thet the r re widely placed inferior articular facets in A.
africanus, as in modern man, carry larger part of the verti-
cal load. . Yang and King (1984) found that modern human nor-
mal lumbar 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. Becsuse of the close association
‘between extended lower limbs and the formation of the lumbar
- lordosis, as shown by Abitbel {1987a), it is further con-
cluded that the australopithecines used extended lower limbs,
Thus our results svagest a mode of bipedalism  in these early
hominids that corresponds with that of modern humans .

D. The Weight-bearing Mechaniem of A. africanus

The metrlcal data asspciated Wlth the we:ght—bearlng mechan—
igm of A. africanus thoracic and lumbar vertebrae present the
same tendencies as those of modern human vertebrae, The only
exgeption ig the sharp decreage in the iﬁferior vertebral
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body_areas. of the last two Sts 14 lumbar vertebrae while a
decrease occours only at the lazt lumbar vertebral level in
mpdern'man. Corroborated by the demonstrate& prezsence of a
lumbar lordosis in A. africanus, the same mechanism of weight
transmission as in modern man may be inferred for A.
africanus vertebral columns. '

In the thoracic region load is ‘transferred from the postériOr
to the  anterier. pillar.' 'Wéight received from the last
thoracic vertebra and the additional segmental load added at
each level are transmitted downwards in the two pillars of
the upper lumbar vertebrae with no. weight transfer between
the pillars. In the last two lumbar 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 seems thus as if weight is transferred from
the wvertebral bodies {anterior ‘pillar) to the laminae
(posterior pillar). This corresponds with the mechanism of
weight transfer through the pedicles of the last lumbar
vertebra in modern mah which  ig possible because of the
inclined position of the body of L5 in the modern human
lumbar lordogis. It is found that both L5 and L6 of 8Sts 14
afe:anteriorly wedge~shaped. It is thus'suggested that in
Sts 14 L5 might have been sgituated at an angle relative to
L6, and L6 at an .angle relative to the gsacrum.. Sts 14 thus
seems to have presented a more gradually curved lower lumbar
region and a less abrupt lumbosacral transition than obtains
in modern man.

The medhaniSm of weight transfer between the last lumbar
vertebra and the pelvis seems to be the same in Sts 14 and in
‘modern human spinal columns. The decrease in inferior body
area is associated with an increase in the pedicle iﬁdex, 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 transferredf from the last
lumbar vertebral body to the posterior arch. Part of this
nearal afgh transmissioﬂ' is carried through the laminae and
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 inferior articular facets, while ?art is carried through the
transverse processes and, by inference, through the ilio-
lumbar ligaments. o :

Unfortunately, the transverse processes of the second last
lumbar vertebra of Sts 14 are broken. Whereas the transverse
procesgses of the modern human second last lumbar vertebra
-:sh6W'a_slight decrease 1in cross-sectional area, an increase
would be expected in Sts 14, since a decrease in the inferior
body area is associated with an increase in lamina size. The
attachment of a more rostral part of the iliclumbar ligament
to the transverse processes of the second last lumbar
vertebra fL5) may have helped prevent the anterior slipping
{or spondylolisthesis} of the inclined second last lumbar
vertebra of Sts 14. This will also explain the less marked
increase in the size of the trangverse processes of the last
lumbar vertebra of Sts 14 compared with the. marked increase
in modern man.

The inferior vertebral body areas of the last 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
gizes and appreciably:more rapidly than those of Sts 14.
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