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DEGENERATIVE CHANGES OF THE VERTEBRAL
COLUMN IN LITHUANIAN PALEOOSTEOLOGICAL
MATERIAL |

ABSTRACT: The incidence of osteophytes, osteochondrosis, and Schmorl’s nodes was investigated on 6,357 vertebrae

_ and 336 sacral bones that belonged to 539 adult persons from the burial grounds dated to the 1st and 2nd millennia A.D. It

was estimated that osteophytes and osteochondrosis are highly correlated, and the age factor’s influence on their occurrence
Jorms about 30% of the total sum of factors, so the opinion of specialists that they are the particular conjugated
manifestations of the universal process of ageing of the intervertebral discs and the vertebral column in general, was
confirmed. Factors of sex, living conditions and secular factor have little influence on their occurrence. The significance of
the body build features could be found only in females. On the other hand, the degree of development of osteophytes and
osteochondrosis have the influence on the measurements of the vertebral column. The conclusion follows that the reliability
of osteophytes, osteochondrosis, and Schmorl’s nodes, as the markers of the environmental stress, must be revised, and
other investigations on other populations living in various ecological conditions must be encouraged.
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INTRODUCTION

Many morphological, roentgenological, bio-
chemical and other data on the occurrence and
development of degenerative changes of the vertebral
column have been collected recently. Notwithstanding
this, some problems secem to remain unsolved. Firstly,
the border between physiological (degenerative
changes) and pathological (degenerative lesions)
remains unclear, it means that the exact influence of the
age factor is undetermined. Many investigators
(Rokhlin 1940, Kosinskaya 1961, Borisevich 1967, Tager
1983, Podrushniak 1987) have emphasized that
degener&tive-dystrophic changes, which take place in
the intgrvertebral discs and produce secondary
reactions on vertebral bodies, articulations and
ligaments are natural manifestations of ageing of the
locomotory system. They are universal for all

.vertebrates (Swinton 1979, Bjorkengren et al. 1987,

Clauser 1981, DeRousseau 1985, etc.). Secondly, data
on the role of sex and living conditions are controversial.
The majority of authors have not found substantial
sexual differences. Age-conditioned changes in general,
and signs of ageing of the vertebral column in particular,
occur earlier in brachyomorphic persons (Niki

1969, Borisevich et al. 1980, Modelkin 1983).
Investigations of the epidemiology of osteochondrosis

have shown only minimal influence of the geographical

factor (Schmidt et al. 1976). There are many
investigations of paleoosteological material (Gejvall
1960, Swedborg 1974, Stloukal, Vyhninek 1976,
McWhirr et al. 1982), but they either lack secular
comparisons, or conclusions are made on the basis of
small samples (Stewart 1966, Lynn 1982, Kramar et al.
1986). So it seems that exploration of the problem of
degenerative changes of the spine on paleoosteological
material of various ethnoterritorial groups living in
different ecological and social conditions may by helpful
for better understanding of the above-mentioned
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questions. This, in turm, could supplement our
knowledge on the biology of ageing processes in general.

The purpose of this investigation was to examine
forms, localisation and interrelations of degenerative
changes of the vertebral column (spondylosis de-
formans, osteochondrosis and Schmorl’s nodes) on paleo-
osteological material from Lithuania, and to trace the
influence of the sex, age, period and social factors on
their manifestations.

MATERIALS AND METHODS

The investigated material consisted of 6,537
vertebrae and 336 sacral bones that belonged to 539
adult persons from various burial grounds, dated to the
1st and the 2nd millennia A. D. Fiftl}; persons were dated
to the 1st millennium, the rest to the 2nd ~ these were
subdivided into 3 social groups: rural cemeteries (98),
urban ones (367), and skeletons from the Vilnius
Archicathedral (24, males only), representing mostly
the high Church officials. The routine osteometry of the
long bones and the vertebrae was performed (Martin,
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Figure 1. Frequencies of all forms of osteophytes on the
male vertebrae in two age groups.
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Saller 1957). The anterior and posterior height and
middle breadth of the vertebral bodies were estimated.
The identification of osteophytes was performed with
the help of the 3 grade scale, elaborated by L.Swedborg
(1974), with references to Stloukal, Vyhnanek (1976).
Pommer’s nodes and traces of osteosclerosis on the
terminal plates were identified as the signs of
osteochondrosis. As far as Schmorl’s nodes are
concerned, two forms (central and dorsal) were noted
separately. The statistical elaboration was performed in
the Computer center of Vilnius University. Routine
packages of programs for statistical analysis BMDP and
SAS were used.

RESULTS AND DISCUSSION

Osteophytes

They are the most frequent signs of the
degeneration of intervertebral discs, occurring both in
spondylosis deformans and in osteochondrosis. The
combination of these two forms is quite frequent (Tager
1983). Taking into account this, and having no full
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Figure 2. Frequencies of all forms of osteophytes on the
female vertebrae in two age groups.
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complex of clinical and roentgenological symptoms, we
have not aimed at separating disctinctly these two
nosological units, and limited ourselves on the simple
scoring of the osteophytes. The distribution of the
osteophytes in the pooled sample is presented in Table
1. For both sexes, these changes manifested most
frequently in lumbar, and also in lower and middle
thoracic vertebrae. They were considerably  less
frequent in cervico-thoracic and thoraco-lumbar areas.
It should be mentioned that osteophytes appear first,
and later are found most frequently and are the biggest
onC5 - C6, Th7 — Th9 and L3 — L4, that means on the
peaks of the physiological curves of the spine (Merbs
1983). In the pooled sample, they are found more
frequently on male skeletons. But comparison of their
occurrence in age groups revealed no substantial sex
differences (Figs. 1 and 2). Age dynamics of the
manifestation of the osteophytes is evident. They
appear usually at the age of 25-35, and their
frequencies increase during life-time. It must be noted

that their earliest manifestation occur on the peaks of

the physiological curves of the spine. This points out to
the greatest loading and wearing and tearing of these

regions (Alkhovskij 1937, Borisevich 1967, Tager 1983,
Merbs 1983). In both sexes this process is similar, and
sexual differences in pooled samples should be
explained by the worse demographical situation among
females in investigated populations.

Osteochondrosis

In males, as well as in females, signs of
osteochondrosis have been found in all regions of the
spine (Table 2, Fig. 3). These changes were frequent on
lumbar, cervical, mid- and lower thoracic vertebrae, but
most frequent on the peaks of the physiological curves;
the decrease of their manifestation in transitional
(cervico-thoracic and thoraco-lumbar) vertebrae was
evident. A distinct dependence on the age was noted in
both males and females. Sexual differences were not
marked, especially in age groups. Only on the lower
thoracic area (Th9-Th12) the incidence of
osteochondrosis in males was significantly higher (p<
0.05). So it can be concluded that the general
regularities of osteochondrosis are the same as in
osteophytes: it appears usually in the 3rd decade of life,
and its frequencies increase with age, especially after

Table 1. Osteophyte frequencies on male and female vertebrae (%).

Vertebra
(superior/ Males Females
inferior
surface)
N Grade 1 Grade 2 Grade 3 Grades N Grade 1 Grade 2 Grade 3 Grades
1+2+3 ~ 1+2+3
a3 184 3.80 0.00 0.00 3.80 127 1.57 0.00 0.00 157
9.78 1.08 0.00 10.87 10.24 0.00 0.00 10.24
C4 188 4.79 1.60 0.00 6.38 134 5.97 0.00 0.00 597
) 11.17 2.66 0.00 13.83 9.70 0.75 0.00 10.45
Cs 191 - 14.66 1.57 0.00 16.23 129 6.98 1.55 0.00 8.53
2147 _ 314 0.00 24.61 12.40 1.55 0.00 1395
C6 196 16.33 2.55 0.00 18,88 129 775 077 0.00 8.53
13.26 5.10 1.02 19.39. 12.40 0.55 0.00 13.95
C7 203 13.30 2.46 0.49 16.26 139 8.63 0.72 0.00 9.35
3.94 0.49 0.00 443 1.44 0.00 - 0.00 144
Thl 207 6.28 - 0.00 0.00 6.28 142 282 0.00 0.00 2.82
7.73 0.48 0.00 8.21 - 422 0.00 0.00 422
Th2 212 7.07 0.00 0.00 7.07 138 5.07 0.00 0.00 5.07
13.68 047 0.00 14.15 . 13.77 0.00 0.00 13.77
Th3 207 14.49 0.00 0.00 14.49 136 1544 0.00 0.00 15.44
26.57 145 0.48 28.50 25.73 1.47 0.00 27.21
Thd 205 2146 0.98 0.00 2244 135 25.18 0.74 0.00 2593
31.71 146 0.00 3317 31.85 .00 0.00 31.85
Th5 200 31.00 0.50 0.50 32.00 132 28.03 0.76 0.00 28.79
34.50 1.50 - 0.50 36.50 30.30 0.76 0.00 31.06
Thé 193 29.02 0.52 1.04 30.57 124 . 2500 0.80 0.00 2581
31.09 2.59 1.55 35.23 " 3145 0.81 0.00 32.26
Th7 193 33.16 1.55 1.55 36.27 118 12627 2.54 0.00 28.81
31.09 259 3.63 3731 2712 5.08 0.00 3220
Th8 195 25.64 3.08 4.10 32.82 117 29.06 3.42 0.00 3248
32.31 3.59 513 41.03 3333 1.71 0.85 35.90
- Th9 187 31.02 321 4.28 3850 114 27.19 0.88 0.88 28.95
29.95 481 4.81 39.57 ) 21.93 1.75 1.75 2544
Thl0 186 26.88 484 3.76 3548 113 26,55 1.77 2.65 30.97
25.27 591 4.30 3548 23.01 1.77 1 0.00 24.78
Thill 183 26.23 6.56 3.82 36.61 109 22.94 1.83 0.00 24.77
25.68 10.93 3.28 39.89 2294 4.59 0.00 2753
Thi2 - 190 2947 - 474 2.63 36.84 109 19.27 2.75 0.00 22.02
. 20.00 5.79 1.05 26.84 11.94 1.83 0.00 13.76
L1 208 19.23 . 5.77 0.96 2596 115 1217 1.74 0.00 1391
N § . 23.08 © 8.65 0.96 32.69 18.26 087 0.00 19.13
L2 i 210 22.38 13.81 2.38 38.57 121 18.18 4.96 0.00 23.14
23.81 9.05 2.38 3524 19.01 248 0.00 2149
L3 218 23.85 15.14 4.59 43.58 136 22.79 5.15 0.00 2794
24.77 917 3.21 3716 18.38 2.94 0.00 21.32
14 211 21.80 14.69 4.74 4124 138 25.36 10.14 0.00 3551
p . 18.96 6.16 284 2796 22.46 2.17 0.00 24.64
Ls 215 25.58 8.84 233 - 3674 138 25.36 5.07 0.00 3043
21.39 465 0.93 26.98 17.39 5.07 0.00 2246
S 232 2759 3.02 0.00 30.60 163 20.86 3.07 0.00 23.93
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Table 2. Osteochondrosis frequencies on male and female vertebrae (%).

Vertebra (superior/ : ’ ' Males ~ Females .
inferior surface) Up to 45 years Over 45 years Pooled Up to 45 years Over 45 years Pooled
N P N P N P N P N P N P
C3 9% 0.00 79 2.53 184 1.09 87 0.00 38 0.00 127 0.00
0.00 6.33 2.72 115 2.63 : 157
Cc4 97 0.00 81 741 188 319 92 1.08 38 526 @ 134 224
0.00 8.64 4.25 0.00 5.26 149
cs : 98 1.02 81 11.11 191 6.28 86 1.16 40 7.50 129 3.10
2.04 11.11 7.85 - 1.16 17.50 6.20
C6 104 2388 79 15.19 196 9.18 86 1.16 39 10.26 129 3.88
2.88 20.53 11.22 233 17.95 6.98
c7 109 2.75 80 1750 1 203 8.87 93 3.23 40 15.00 139 L 647
0.00 ' 0.00 0.00 2.15 0.00 144
Thl 114 0.00 83 241 207 0.97 96 2.08 41 2.44 142 211
0.00 1.20 0.48 1.04 244 141
Th2 ¢ 115 0.87 86 2.33 212 1.89 91 1.10 40 2.50 138 145
0.00 2.33 0.94 1.10 2.50 145
Th3 114 0.00 83 1.20 207 048 88 0.00 39 513 136 147
0.88 241 145 1.14 513 294
Thd 111 0.00 84 357 - 205 146 88 1.14 38 5.26 135 2.22
1.80 8.33 439 1.14 10.53 444
ThS 110 000 7 2.53 200 1.00 86 2.33 36 5.56 132 379
0.00 12.66 5.00 2.33 11.11 5.30
Thé 105 0.00 76 5.26 193 207 80 2.50 34 8.82 124 4.03
0.00 18.42 7.25 125 11.76 4.03
Th7 106 1.89 77 7.79 193 4.14 75 133 33 9.09 118 3.39
3.77 1818 933 2.67 16.15 6.78
Th8 106 189 78 12.82 195 6.15 75 2.67 32 18.75 117 6.84
1.89 ¢ 23.08 10.77 4.00 21.87 8.55
Th9 97 . 412 78 20.51 187 10.69 74 2.70 30 1333 114 5.26
1.03 '14.10 6.95 . 2.70 . 1333 5.26
Th10 : 99 2.02 77 15.58 186 8.06 74 1.35 29 10.34 113 3.54
7.07 15.58 11.29 135 . 6.90 2.65
Thll 95 5.26 78 1057 183 7.10 72 0.00 28 7.14 109 3.67
6.32 . 21.79 1311 2.78 * 1429 550
Thi2 » 101 594 78 16.67 . 190 10.00 73 1.37 28 7.14 109 3.67
594 11.54 8.95 137 3.57 2.75
L1 108 1.85 85 5.88 208 433 79 0.00 30 6.67 115 1.74
4.63 7.06 577 127 1333 4.35
L2 109 459 85 10.59 210 7.62 79 3.80 32 ° 1562 121 6.61
459 823 6.67 2,53 6.25 331
13 111 721 91 14.29 218 10.55 91 440 33 1212 136 5.88
1.80 9.89 5.96 ST 220 6.06 294
14 114 3.51 82 14.63 21 8.53 90 5.56 36 1944 138 8.70
2.63 12.19 711 111 . 13.89 4.35
15 115 6.09 84 20.24 215 12.56 93 4.30 33 21.21 138 197
435 13.09 8.37 6.45 : 30.30 123
S 118 5.08 90 16.67 232 1034 110 8.18 42 19.05 163 1166

the 5th decade; the earliest manifestation was on the
peaks of the physiological curves, where the highest
incidence is later observed; low frequencies are n
transitional areas of the vertebral column. ,

Schmorl’s nolles

In the material investigated they were absent on
cervical vertebrae. Only solitary nodes were found on
the upper thoracic vertebrae (Thl—Th4). Schmorl’s
nodes appeared most frequently on the middle thoracic
vertebrae (Table 3, Fig. 4). On the male vertebrae, only
single nodes were found in the lower lumbar region, and
in females they were absent on the 3rd and lower lumbar
vertebrae. The dorsal nodes were noted mainly in the
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thoracic region, more frequently on the lower surfaces
of the vertebral bodies. Sexual differences in general
were only minor, only in the lumbar region in males,
frequencies were significantly higher (p<0.01). The
absence of age dynamics in the occurrence of Schmorl’s
nodes is evident. They were found at the age of less than
25 years, their frequencies slightly increased during the
next decade (25 35 years), and remained constant or
even slightly decreased in subsequent age groups. So the
following characteristics can be traced on the
manifestation of Schmorl’s nodes: they appear usually at
the age before 35 years, mainly on the mid- and lower
thoracic vertebrae. Dorsal nodes, which are found more
frequently on the lower surfaces of thoracic vertebrae,

males females
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Figure 3. Osteochondrosis frequencies on male and
fernale vertebrae.

could be explained by the presence of the rudimental /ig.
intraarticulare capitis costae that is tightly connected
with intervertebral discs in the ontogenesis (Lohse et al.
1985). In males, Schmorl’s nodes appear in a more
expanded region than in females. Age dynamics are not

characteristic of Schmorl’s nodes. These characteristics

possibly document different mechanisms of emergence
than in the case of osteophytes and osteochondrosis.

For more grounded conclusions on the regularities
of manifestation of the degenerative changes of the
vertebral column, a statistical analysis of interrelations
between osteophytes, osteochondrosis and Schmorl’s
nodes was performed. The correlation analysis revealed
the presence of significant relationship (at the level of
0.3-0.4) between osteophytes and osteochondrosis.
The highest correlations were found between these two
forms in the region of the same intervertebral disc,
which points out to the similarity of the causative
factors.; On the other hand, correlations between
osteophytes and Schmorl’s nodes were insignificant, and
in many cases had the tendency of negative relations.

A more general and synthetic notion on the
interrelations between these three investigated forms of
degenerative changes can be formed by examining
correlations between the regions of the vertebral
column (Table 4). It was estimated that osteophytes in
all regions have strong significant correlations (r =

0.5-0.8). Slightly lower, but also significant, cor-
relations (r = 0.4-0.5) between osteochondrotic
changes do exist. Relations between Schmorl’s nodes
are weaker (r = 0.3), although significant. Osteophytes
also significantly correlate with osteochondrosis. The
absence of correlations between these two forms and
Schmorl’s nodes is ‘evident. Cluster analysis (Fig. 5)
finally elucidated the interrelations between osteo-
phytes, osteochondrosis and Schmorl’s nodes. One bi
cluster is formed from the osteophyte (1., 2., 3., 4., 5.).
and osteochondrosis (6., 7., 8., 9., 10.) subclusters.
Schmorl’s nodes form a separate cluster. '

In case of the explanation of factors which could
have an influence on the emergence of the degenerative
changes of the spine, the impact of sex, age, secular and:
social factors were evaluated. Dispersion analysis has
proven (Table 5) that the sex factor has in most cases no
significant influence on the manifestation of the features
investigated. The age factor’s influence is in most cases
highly significant (p<0.001) for osteophytes and
osteochondrosis. It must be noted that the greatest age
dynamics were estimated in those regions, where
degenerative changes occur most early, are observed
most frequently and are the most marked (lumbar and:
lower thoracic segments for osteophytes, lumbar and
cervical regions for osteochondrosis). The age factor
has no influence on the manifestation of Schmorl’s
nodes. The secular factor plays practically no significant
role on the occurrence of all forms of degenerative
changes. :

An attempt was made to evaluate the impact of the
social factor on the degenerative changes of the
vertebral column. For this purpose, two groups of male
skeletons (from rural cemeteries and from the Vilnius
Archicathedral) were compared (7able 6). In both
%roups similar general regularities were noted: the

ighest frequencies of osteophytes were found on the
mid- and lower thoracic and lumbar vertebrae,
osteochondrosis — on the cervical, midthoracic and

- lumbar, Schmorl’s nodes with the same frequencies —

on the mid- and lower thoracic vertebrae. Frequencies
of osteophytes and osteochondrosis were higher
((£<0.05) in rural cemeteries. The cause of this
fference could be in the different demographical
structure of the investigated groups: the average age at
death in the rural sample was 43.55 years, and in the
Vilnius Archicathedral sample 37.19 years. This could
explain the differences in age-conditioned changes
(osteophytes and osteochondrosis) and the absence of
differences in Schmorl’s nodes which are not
age-dependent. v

The comparison of our data with the results of
other investigations of paleopopulations (Swedborg
1974, Stloukal, Vyhnéneﬁ 1976, Merbs 1983, Kelley
1982, Saluja et al. 1986) as well as of roentgenological
screening of living persons (Kosinskaya 1966, Klioner
1962, Mikhailovsky 1963, Reinberg 1964, Borisevich
1971, Tager, Dyachenko 1971, Resnick, Niwayama
1978) revealed no major differences. It means that
maybe at least in some publications genetic and
environmental factors influencing the degenerative
changes of the vertebral column are overestimated.

In conclusion, it could be said that the statistical
analysis enabled us to separate distinctly different forms
of the degenerative changes, on the basis of which
different biochemical and morphological processes lie.

During ageing, dehydration and mineralisation of
the intervertebral discs, swelling and desorganisation of
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Table 3. Schmorl’s nodes frequencies on male and female vertebrae.

males females
| ¢3 |
Vertebra - . Males Females
(superior/ : | c& |
inferior N Central Dorsal Pooled - N Central Dorsal Pooled | cs |
surface) :
Thl 207 0.00 0.00 0.00 142 0.00 0.00 0.00 | €6 §
048 0.00 048 0.00 0.00 0.00 I -
Th2 212 0.00 0.00 0.00 138 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 | Th1 |
Th3 207 048 048 097 136 0.00 0.00 0.00 ]
0.00 0.00 0.00 0.73 0.00 073
Thd 205 0.98 0.00 098 135 0.00 0.00 0.00 1703 A
0.00 244 2.44 0.00 0.00 0.00 J e |
ThS 200 0.00 250 2.50 132 0.00 0.00 0.00
450 3.00 7.50 454 0.76 5.30 a5 A
Thé 198 0.00 2.59 2.59 124 0.81 1.61 242
5.70 6.22 11.92 8.06 403 12.10 -l 6 B
Th7 193 0.52 4.66 5.18 118 0.00 1.69 1.69 T B
8.29 9.84 18.13 ; 9.32 424 -13.56 v
ThS 195 051 513 TREE 0.00 855 8.55 - RILE N
923 5.64 14.87 940 342 12.82 a0
Th9 187 0.00 5.88 5.88 114 0.00 175 175
535 6.95 1230 789 175 9.65 | RUL N
Th10 186 0.00 484 4.84 113 0.00 2.65 2.65 l R |
2.68 323 591 6.19 2.65 8.85
Thill 183 0.55 5.46 6.01 109 0.92 2.75 3.67 Wy
1.09 6.02 7.10 \ 1.83 275 4.59 A AN
Thi2 190 0.00 5.79 5.79 109 0.92 275 3.67
: 0.00 474 474 0.00 1.83 1.83 | R
L1 208 0.48 4.81 5.29 115 0.00 261 2.61 \ RER
048 192 2.40 0.00 0.87 0.87
12 210 0.00 286 2.86 121 0.00 0.83 0.83 | R
095 095 1.90 0.00 0.00 0.00 Y s |
L3 218 0.00 275 275 136 0.00 0.00 0.00
’ 000 138 138 0.00 0.00 0.00 0010 0 0 10 20 (%)
L4 211 0.00 095 0.95 138 0.00 0.00 0.00 -
. 0.00 047 047 0.00 0.00 000 | punio g ‘
L5 215 046 046 0.93 138 0.00 000 000 | g r%(;uencies of all forms of
0.46 0.00 046 0.00 0.00 0.00 Schmorl’s nodes on the male
S 232 0.00 0.00 0.00 163 0.00 0.00 000 | and female vertebrae.

Table 4. Correlation coefficients between the degenerative changes of the regions of the vertebral column.

N 1. 2. 3. 4. 5. 6. % 8. 9. 10. 11. 12. 13.
2 S578***
3. S6THF* 392%**
4. 297*x*  293***  372***
S. 029 006 .001 041
6. S47xxx 391Fxx gOS*Ax T 019
7. 393%**  S01***  449%**  4]5***  155* 474%**
8. .089 .160* 120 087 326%**  155%* N
9. 568*** - 470%**  710***  325*** .068 B1I7***  498***  188**
10. A3TH** 468***  525%**  430*** 091 554***  666*** 207** . .551***
11 07 a1 150* 048 Slgeex I57F 172* S594**=  164**  .169*F
12. S5TH* 397t 648*** 320%**  -.004 J11*** 417+ - 034 763***  S511*** -.003
13. 390***  436%**  542***  403***  -060 S46***  539%** 035 S48*** - 667***  .005 6377 **
14. 141 105 077 .011 127 034 A78* 313***  -.004 A65* . 374 023 075

*-p<0.05 **-p<0.0L ***~p<0.001

1. Cervical osteophytes; 2. Cervical osteochondrosis;
osteochondrosis; S. Upper thoracic Schmorl’s

3. Upper: thoracic (Thl—Th4) osteophytes; 4. Upper thoracic
nodes; 6. Middle Thoracic (ThS— Th8) osteophytes; 7. Middle thoracic

osteochondrosis; 8. Middle thoracic Schmorl’s nodes; 9. Lower thoracic (Th9 — Th12) osteophytes; 10. Lower thoracic

osteochondrosis; 11. Lower

Schmorl’s nodes.
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thoracic Schmorl’s nodes; 12. Lumbar osteophytes; 13. Lumbar osteochondrosis; 14. Lumbar

collagen fibrils, degeneration of the cell elements take
place (Podorozhnaya 1976, Sak et al. 1976, Happey et al.
1974, Semionova et al. 1979, Trout et al. 1984), as well as
diminution of the disc elasticity, decrease and irregular
distribution of its internal pressure (Tsivyan,
Raikhinshtein 1975). Such changes of biochemical
properties provoke the reaction of the organism -
partial ossification of the annulus fibrosus and
osteophyte formation (Shah et al. 1976, Duncan 1987).
At the same time, dystrophic changes of the terminal
hyaline plates take place: foci of the fibrous cartilage
emerge, blood vessels grow in, foci of osteogenesis,
atrophy and sclerosis of subchondral bone appear,
distinguishable also on macerated material (Tsivyan,
Zaidman 1976). So osteophyte formation and osteo-
chondrosis in most cases are the consequences of the
one process of age-conditioned involution, ,,disco-
pathy . That is why the combination of these two forms
1s not rare (Tager 1983). It secems that it is not
completely excluded to consider spondylosis deformans
(osteophytosis) and osteochondrosis as two different
manifestations of the same process: the first one —
,light degree of partial intervertebral osteochondrosis®
(the process is localised mainly in the annulus fibrosus
and the anterior longitudinal ligament), and the second
one — ,heavy degree of total intervertcbral osteo-
chondrosis™ (primary changes of the nucleus pulposus
and terminal plates — Klioner 1962). It must be taken
into account that the ongoing process involves also other
elements of the disc.

Another mechanism lies in the emergence of
Schmorl’s nodes. When the biochemistry and the
internal pressure of the intervertebral disc remain
unchanged (Pearson et al. 1974), local disruption under
pressure of the annulus fibrosus or desintegration of the
hyaline plate takes place, into which part of the nuicleus
pulposus falls. The formation of the osseous layer
around the hernia is finishéd . by consequent

r_l;

% 13 12 1n 7 8 10 9 61 5 & 3 2

Figure 5. Clusterisation of the correlation matrix of the
degenerative changes on the regions of the

vertebral column (by the method of the main -

component analysis). 1. ~ cervical osteo-
phytes; 2., 3., 4. — osteophytes of the superior,

1ddle and inferior thoracic segments; 5. —
limbar osteophytes; 6. — cervical osteo-
chondrosis; 7., 8., 9. — osteochondrosis of the
superior, middle and inferior thoracic
segments; 10. — lumbar osteochondrosis; 11,
12, 13. — Schmorl’s nodes on the superior,
middle and inferior thoracic segments; 14. —
lumbar Schmorl’s nodes.

Feature Sex Age Period
Cezrvical region (C3 -~ C7):
Osteophytes 131 18.14*** 0.05
Osteochondrosis 0.58 10.89*** 1.34
Upper thoracic segment (Th1—Th4):
Osteophytes 0.07 18.58%** 0.18
Osteochondrosis 0.79 2.70 012
Schmorl’s nodes 1.10 0.80 - 290*
Middle thoracic segment (ThS —Th8):
Osteophytes 0.15 25.34%** 0.01
Osteochondrosis 0.03 < 11,72%%* 0.19
Schmorl’s nodes 0.10 1.71 0.50
- Lower thoracic segment (Th9 - Th12):
Osteophytes 1.89* 3259y 0.13
+|Osteochondrosis 2.01* 8.52% %+ 0.40
Schmorl’s nodes 0.09 2.28 0.02
Thoracic region (Th1—Th12):
Osteophytes 1.16 29.50%** 0.14
Osteochondrosis 0.73 12.81%** 0.35
Schmorl’s nodes 0.17 3.15 0.15
Lumbar region (L1 -~L5):
Osteophytes 2.09* 37.48%** 0.00
Osteochondrosis 022 10.57%** 0.72
Schmor!’s nodes 2.00* 1.10 0.09
Total vertebral column (C3 - L5): .
1Osteophytes 1.39 37.75%** 0.05
- |Osteochondrosis 0.18 16.09*%** 0.00
Schmorl’s nodes 0.27 6.92 0.04

Table 5. The influence (; 77,2( %) of the factors of variability
of degenerative changes.

*—p<0.05 **-p<0.01; *** - p<0.001

Table 6. Frequencies of the degenerative changes of
vertebrae in two male samples. '

Feature Rural Cemeteries Vilnius Archicathedral
N P N P
Cervical region (C3 - C7):
Osteophytes 292 7.53 164 6.10
Osteochondrosis 292 342 164 1.83
' __Upper thoracic segment (Thl — Th4):
Osteophytes 222 12.61 168 6.55
- |Osteochondrosis 222 2.25 168 0.00
Schmorl’s nodes 222 0.90 168 0.59
Middle thoracic segment (Th5 — Th8):
Osteophytes 212 27.36 162 19.75
Osteochondrosis 212 6.13 162 1.85
Schmorl’s nodes 212 14.62 162 8.64
Lower thoracic segment (Th9 — Th12):
Osteophytes 234 2820 160 13.12
-|Osteochondrosis 234 1.28 160 0.62
Schmorl’s nodes 234 7.26 160 10.00
Thoracic region (Th1 —Th12):
Osteophytes 668 2275 490 13.06
Osteochondrosis  ~668 3.14 490 0.82
Schmorl’s nodes 668 748 490 6.33
Lumbar region (L1 -~LS5):
Osteophytes 428 2640 210 14.29
Osteochondrosis 428 5.14 210 0.00
Schmor?’s nodes 428 3.04 210 5.24
Total vertebral column (C3—L5):
Osteophytes 1388 - 20.68 864 12.04
Osteochondrosis 1388 3.82 864 0.81
Schmorl’s nodes 1388 4.54 864 4.86
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osteosclerosis. So the Schmorl’s node can emerge only
when marked degenerative changes in the intervertebral
disc are absent. This explains the absence of the age
dynamics and the absence of correlations  with
osteophytes and osteochondrosis in- the investigated
material. That is why it seems correct to divide
osteochondrosis (in the broad semse) into stable
corresponding to Schmorl’s nodes) and unstable
g,,true“ osteochondrosis) forms, that is on the limit-of
pathology (Korzh et al. 1980). o

Thus, on the basis of this investigation it could be
stated that different biochemical and histomorpho-
logical changes that take place in the intervertebral
discs, leave different traces on the morphology of the
vertebrae. One group are the age conditioned
degenerative changes of the intervertebral discs
(osteochondrosis in the narrow sense) that cause an
impairment of the static and dynamic functions of the
spine (,unstable” form) and, as the consequent
adaptive reaction of the organism - osteophyte
formation, as ,the light degree of partial mtervertebr.al
osteochondrosis® that is very often observed in
advanced age. Changes in the terminal plates — »the
heavy degree of total intervertebral osteochondrosis
approach the degenerative lesion (pathology) of the
spine. The common general characteristics, revealed in
this work, prove once more the similarity of these two
forms of degeneration. In this common process we were
unable to trace neither sexual, nor secular, nor social
differences; the comparison with data from literature
seems to support our opinion. These age-conditioned
changes are universal and, except for pathological cases,
rarely proceed in isolation: = comparatively high
correlations were estimated between different segments
and regions of the vertebral column. This also proves
morphological and functional interdependence — the
spine is functioning as a single unit. ) o

Another group are intervertebral discs herniations
(Schmor!’s nodes). Their manifestation is possible only
when marked involutionary changes (diminution of the
intra-disc pressure) are absent. The disc compression
leads to local rupture of the annulus fibrosus or intrusion
of the nucleus puiposus into the vertebral body. The
static and dynamic characteristics of the spine n this
case are not impaired sufficiently (,stable” form of
osteochondrosis). , )

An attempt was also made to evaluate the influence
of the body build features, as well as the metric
characteristics of the vertebral column on the incidence
of the degenerative changes. The correlation analysis
has shown (Tables 7 and 8) that in males correlations
between osteophytes, osteochondrosis and Schmorl’s
nodes, and the reconstructed indices of physical

development (discussed elsewhere) are insignificant. In -

females, other regularities have been unveiled: many
correlation coefficients show the incidence of significant
relations of average degree between majority of
somatometric indices and the age-conditioned de-
generative changes. It means that at least in females the
somatological factor has some influence on the
above-mentioned changes: the larger body mea-
surements predispose the increase of the osteophyte
and the osteochondrosis frequencies.

The correlation coefficients between the changes
investigated and the measurements of the vertebral
column are presented in Table 9. Both in males and in
females anterior height of the vertebrae in general is
little connected with the degenerative changes, although
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Table 7. Correlation coefficients between the degen-
erative changes and the indices of body build in

males.
Index Osteophytes  Osteochondrosis  Schmorl’s
nodes

Body length -.050 017 097
Body weight 175 223 .086 .
Shoulder
breadth 010 076 -.219
Biospinal ’
pelvis breadth 54 -.014 143
Biocristal )
pelvis breadth -.067 -.076 245*
*-p<0,05

Table 8. Correlation coefficients between the degen-
erative changes and the indices of body build in

females.

Index Osteophytes  Osteochondrosis ~ Schmorl’s

; nodes
Body length 300 508** -.096
Body weight A51* 304 339
Shoulder
breadth 365 A405* 031
Biospinal
pelvis breadth 554* A39* ~.04
Biocristal '
pelvis breadth 193 189 114

*—p<0.05 **-p<0.01

some tendency to negative relations with the osteo-
phytes and the osteochondrosis is evident. At the same
time, there are practically no correlations between all
three forms of degeneration and posterior height. The
middle width of the vertebrae is very often significantly
positively connected with the age-conditioned changes.
The same tendency in relations exists between
investigated changes and the sagittal index. It seems that
these regularities are the reflection of the influence of
the age-conditioned changes on the measurements of
the vertebrae. During the development of the osteo-
phytes, the ossification of the anterior longitudinal
ligament that performs the functions of the periosteum
of the vertebral body, takes place, and its breadth
increases. It is quite possible that during ageing due to
greater loading the anterior height of the vertebral body
decreases, although dispersion analysis has not revealed
significant influence of the age factor on this index.
Other investigators (Ericksen 1978, Twomey et al. 1983)

have come to similar conclusions. We would speculate -

that in the case of another age structure of the sample
(in ours young persons prevail) these tendencies could
be more marked.

CONCLUSION

The investigation of the Lithuanian paleo-

osteological material and the analysis of the literature

data enable us to draw these conclusions: in the popu-

_the markers

Tabie 9. Correlation coefficients between the degenerative changes and the measurements of the vertebral column.

Index Males Females
Steophytes | Osteochondrosis | Schmorl’s nodes Osteophytes | Osteochondrosis | SchmorP’s nodes
; Cervical region (C3 - C7):
Anterior height —.024 —~.068 .000 038 095 .000
Posterior height 074 018 000 112 121 000
Middle breadth .201* 187+ .000 325%* 242 .000
Sagittal index A11 118 .000 123 .029 000
: Thoracic region (Thl —-Th12):
Anterior height -175 -.071 .098 .166 056 - - 018
Posterior height -.089 .008 .238* .000 - .066 067
Middle breadth 156 337** 328** 180 .070 149
Sagittal index .063 —-.037 .308* -.037 .295 5 230
Lumbar region (L1-LS5): ‘ '
Anterior height —-.198* —.053 012 —.258* ~.235 000
Posterior height ~-.016 088 -.005 —-.003 T 019 000
Middle breadth 320%*= .23 -.005 175 204 000
Sagittal index 223 ‘ 176 ~-.027 427 .363** .000
. ‘Total vertebral column (C3-LS5): .

Anterior height -.136 130 147 327 238 164
Posterior height 037 148 168 -.114 -.317 -.101
Middle breadth 184 220 353** .288 -.077 023
Sagiital index 192 222 314* -151 | .023 —.244
*_p<0.05; **—p<0.01; ***—p<0.001.
lation, osteophytes and osteochondrosis are particular ACKNOWLEDGEMENT

conjugated manifestations of one universal process of
the ageing of the intervertebral discs and the vertebral
column in general — the age factor’s influence form in
the average 30% and more from the sum of all factors.
Topographic and functional conditions of a particular
disc, segment and region have the main influence on the
pecularities of manifestation of these changes: they
occur most early, and later ‘are most marked on the
peaks of the physiological curves of the spine. As much
as can be considered from our material and statistical
analysis, sex, living conditions and the secular factor
have little influence on this process. Body build features
also have little influence on the incidence of the age-
conditioned changes: the bigger body measurements
only slightly correlate with osteophytes and
osteochondrosis, and only in females. On the other

hand, age-conditioned changes of the spine have ‘an -

influence on the measurements of the vertebral column:
the development of osteophytes and osteochondrosis
cause an increase of the vertebral body breadth and,
probably, some decrease of the anterior height.
Schmorl’s nodes ‘are not the consequence of the
ageing of  the vertebral column. It seems that
morphological pecularities. of the disc and biochemical
factors play the major role in their manifestation. Only

. minor sexual differences in the lower spine were found.

Secular and social factors have no influence on the
manifestation of Schmor!’s nodes in our material.

Thus, it seems that the etiology of the degenerative
changes $f the vertebral column is rather complicated
and one fnust avoid the simplification while explaining
them simply as the consequence of biomechanical
stress. We should consider that the reliability of
osteophytes, osteochondrosis, and Schmorl’s nodes, as
of environmental stress, must be
reevaluated. It means that other investigations on other
populations, living in various and contrasting
conditions, are welcomed.

The author would like to express his appreciation
to Drs. N.Kosareva and D. Krapavickaite from the
Vilnius University Computer Centre for the statistical
elaboration of the material.
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