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The detailed functional anatomy of the ligaments of the 
vertebral column* 

Reinhard Putz 

Anatomische Anstalt, Ludwig-Maximilians-Universität, Pettenkoferstraße 11, 
D - W - 8000 München 2, Deutschland 

Introduction 

The general acceptance of the term „motion segment" 
(Bewegungssegment), introduced by Junghanns (1930, 
1977), has influenced both the morphological and functional 
approach to the vertebral column right up to the present time. 
It brought about a recognition of the principle of functional 
segmentation of the anatomy of the column, but concen-
trated attention on the interdependence of form and function 
in the motion segment itself. 

An oversimplified approach to the concept of functional 
regions has led, both in anatomical research and clinical 
practice, to imprecise and inadequate Observation of regional 
variations in the vertebral column. The equally well-estab-
lished demonstration of „regions of motion" (Putz 1981) 
within the vertebral column has still not yet found its way 
into clinical parlance. 

The necessity for continuing the discussion, which has 
increased with the development of the anatomy of the 
column to a point beyond that which can be observed with 
the naked eye, has also been underlined by our insufficient 
understanding of the pathological mechanisms, and of the 
related prophylactic measures against chronic diseases of the 
spinal column and their treatment. 

Taking the ligaments as an example, an attempt is made in 
the following pages to analyse the significance of the single 
anatomical structures within the motion segment. 

* Referat auf der 86. Versammlung der Anatomischen 
Gesellschaft in Szeged, Ungarn, 2. bis 5. April 1991 
Herrn Prof. Dr. med. Hans Frick zum 70. Geburtstag gewidmet 

Ligaments of the vertabral bodies and interver-
tebral discs 

Anterior longitudinal ligament 

At first glance, the anterior longitudinal ligament appears to 
be a uniform structure covering the entire column ventrally 
from the anterior atlanto-occipital membrane above to the 
sacrum below. Closer Observation, however, makes it clear 
that this ligament is particularly well-developed in the lordo-
tic sections of the column. In the region of the thoracic 
kyphosis it has little substance. Both in thickness and in 
width, it increases from the lower thoracic vertebrae down to 
the lumbosacral junction (Fig. 1). 

If, however, one realises that the orientation and sub-
chondral mineralisation of the lumbosacral zygaopophyseal 
joints are the result of their supporting greater pressure (Putz 
1990), a meaningful functional Interpretation becomes 
immediately apparent. Obviously the anterior longitudinal 
ligament receives the considerable tensile stress which axial 
loading of the column produces in the lumbosacral region, 
while the shearing stress is taken up by the vertebral joints. 
Owing to the cushion-like structure of an intact intervertebral 
disc, the local pressure is equally distributed over the adja-
cent surface of the vertebral body (Horst 1982) — a fact 
which is reflected in the layout of the trabecular bone of all 
vertebral bodies. The end-plates of the vertebral bodies are 
supported by perpendicular trabeculae, which are themselves 
anchored by transverse spongy lamellae (Fig. 2). This func
tional interpretation is confirmed by the finding that the two 
layers of the ligament are made up of thick bundles of 
crossed collagen fibres arranged in different ways (Stofft 
1966). The superficial layer is firmly attached to each 
adjacent vertebra, the fibres crossing at an angle of about 
20°. This permits only limited extension. The fibres of the 
deeper layer, on the other hand, are anchored segmentally in 

Ann. Anat. (1992) 174: 40-47 
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Fig. 1. Anterior longitudinal ligament (ALL) in lumbar and lum-
bosakral region and iliolumbar ligament (ILL). 
a) Specimen viewed from in front. The lateral parts of the anterior 
longitudinal ligament are removed. The iliolumbar ligament con-
sists of two parts: the superior (ILLa) shows a horizontal orienta-
tion, the inferior is orientated parallel to the frontal plane. 
b) Schematic lateral representation. 
c) Functional interaction between anterior longitudinal ligament 
and zygapophyseal joints (ZJ). 

each anulus fibrosus and meet at angles of up to 80°. The 
superficial layer may therefore be regarded as a simple 
bracing System for passively maintaining the lumbar lor-
dosis, whereas the more deeply running fibres, because of 
their more oblique course, are functionally related to the 
anuli fibrosi and may be considered as forming ligaments of 
single segments. 

Posterior longitudinal ligament 

According to our own detailed investigations (Prestar et al. 
1982), the posterior longitudinal ligament is also not a 
uniform structure. In particular, its attachment is not con-
fined to the posterior part of the circumference of the 
intervertebral discs. 

The posterior longitudinal ligament consists of a superfi
cial layer, the fibres of which extend as a long band from the 
anterior margin of the foramen magnum down to the inter

vertebral disc between L 3 and L 4 . There is also a deep layer 
with fibres consigned to single segments. These fibres are 
interlaced with the outer region of the anuli fibrosi and are 
attached to the margins of the vertebral end-plates in a 
manner which varies from segment to segment (Fig. 3). 
Behrsin et al. (1988) describe an additional attachment on 
the posterior surface of the vertebral bodies. The regional 
differences in the posterior longitudinal ligament are remark-
able. Whereas the deeper layer at the level of the middle 
vertebral bodies is only a few millimetres wide, the superfi
cial layer constitutes the entire anterior wall of the spinal 
canal in the cervical region, and is fused with the membrana 
tectoria: the deep layer of the longitudinal component of the 
cruciate ligament. 

Both layers intermingle with those of the anuli fibrosi and 
extend far out laterally into the intervertebral foramen. In the 
dissecting room, a clear Separation of the posterior longitudi
nal ligament from the dura mater, and from the connective 
tissue accompanying the dural extensions into the interver
tebral foramina, is often very difficult (Hayashi et al. 1977). 
The structure typical for the cervical column is characteristi-
cally continued downwards as far as T2 , or sometimes T3 . 
From there onwards until L 3 , the superficial layer is reduced 
to a width of 5 to 10 mm. Greater significance can be 
attributed to the Collagen fibre bundles of the deep layer, of 
which the medial fibres alone are continued in a longitudinal 
direction over several segments, the lateral part being prop-
erly regarded as made up of monosegmental ligaments. 

The firm lateral offshoots of the deep fibres diverge from 
the level of the middle of a vertebral body downwards the 
margin of the one below it, and also towards the roots of its 
pedicles. They therefore provide a large part of the anterior 
wall of the lateral recesses and the intervertebral foramen 
(Fig. 3). Whereas the medial fibres are firmly united with the 
anulus Fibrosus, a pocket is built up between the lateral fibres 
and the intervertebral disc, which at this point is covered by 
a thin sheet drawn out equally from the ligament and from 
the anulus. 

Below the level of L 3 , the superficial layer is reduced to a 
thin ribbon which continues downwards into the sacral 
canal. The lateral fibre bundles of the deep layer Stretch out 
and become increasingly more flat, reaching well into the 
intervertebral foramina. 

On account of the arrangement of its fibres, the posterior 
longitudinal ligament should not be regarded as a simple 
longitudinal bracing System. If it fulfils this function at all, 
that is only true of the cervical and thoracic regions of the 
column, and therefore especially in the kyphotic region. The 
monosegmental, divergent arrangement of the fibres seems 
on the contrary to be more important, since as a result of this 
geometrical pattern, an elastic attachment of the disc to the 
vertebral body immediately above it is achieved. It is poss-
ible to demonstrate on a dissected specimen that ventral 
flexion produces extension of all the fibres, and rotation and 
lateral flexion tension in the lateral fibres particularly. The 
oblique direction of the fibres relative to the longitudinal axis 
makes a slow increase in tension possible in the final stages 
of all principal movements. 
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Fig. 2. Architecture of spongy bone within the vertebral body. The 
trabeculae are orientated perpendicular to the end-plates: 
a) 5th lumbar vertebra 
b) 6th cervical vertebra 
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PLLs 

both elastin and elaunin fibres can be demonstrated, Rinning 
among the fine collagen fibres. 

Even during relaxation the ligamenta flava of the lumbar 
vertebrae show a remarkable tension, varying from 1,500 N 
in young subjects down to 400 N in old people. Chazal et al. 
(1985) showed it as the most resistant ligament of the spine. 
Indeed, cutting them across in a fresh specimen, or during an 
Operation, causes the cut ends to fly apart (Grieve 1988). 

Whereas the ligamenta flava in the cervical region are 
relatively thin, they increase both in width and thickness as 
the caudal regions of the vertebral column are approached. 
In the lumbar region, they take up the entire interlaminar 
space and reach from the anterior border of the intervertebral 
Joint to the middle of the intervertebral foramen (Fig. 4). At 
this point they therefore form the entire posterior wall of the 
lumbar lateral recesses and the corresponding foramina (Putz 
1981). The bracket-like projection of the caudal attachment 
area is of great clinical significance, since it is precisely this 
part which often projects forwards right into the lateral 
recess, and it is here that compression of the nerve roots can 
arise. The shape of the lumbar vertebral foramina in cross-

Fig. 3. Posterior longitudinal ligament (PLL) in lumbar region PLLd deep layer, PLLs superficial layer, AI interlacement with peripheral 
zone of anulus fibrosus, A 2 attachment on upper marginal border of vertebral body, A 3 attachment on periosteum of pedicle (P): 
a) specimen viewed from behind, 
b) schematic representation from behind. 

Ligaments of the vertebral arch 

Ligamenta flava 

The yellow ligaments of the vertebral column consist almost 
entirely of elastic tissue. According to Yahia et al. (1990), 

section, which is of diagnostic importance, is brought about 
in this way. 

One Observation, the clinical importance of which is not 
yet established, is the frequently seen calcification or ossifi-
cation of the attachment area of the ligamenta flava. This is 
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Fig. 4. Ligamentum flavum (dotted 
line - LF) in lumbar and lumbosakral 
region. Transverse section at level of 
middle of intervertebral foramen. 

most commonly found in the lower thoracic region (Fig. 5). 
Biochemical experiments carried out by Sikoryn et al. 
(1990) have shown that the attachment area of the ligament 
is far from strong, the breaking strain in the lumbar column 
being, according to Myklebust et al. (1988), only 200 N . 
During ventral flexion the ligamenta flava become tense, 
allowing the erector trunci muscles to relax so much that, 
during the final stages of the movement, no activity can be 
detected with E M G . 

In close association with the morphology of the ligament-
ous attachment, the question arises: is the narrowing pecul-
iar to the lumbar lateral recesses due to an independent 
hypertrophy of the ligamentum flavum, or should it be 
attributed to changes in the vertebral arch at the point where 
the lamina merges with the pedicle? The high degree of 
subchondral mineralisation of the anterior part of the zyga-
opophyseal joints suggests, in our opinion, that the so-called 
hypertrophy of the ligamenta flava probably occurs because, 
as a result of ageing or due to loading over a period of time, a 
kink has appeared in the arch near the superior articular 
process. 

The Joint capsule 

In contrast to the Situation in the rest of the vertebral column, 
the joints of the lumbar vertebrae are strengthened by a firm 
transverse sheet of fibres (Fig. 6). Their thickness and 
structure of strong Collagen fibres almost justifies their 
separate description as „transverse ligaments4' (Putz 1981, 
1985 a, 1985 b). Taking advantage of limited movements in 
the principal plane, their functional significance has been 
demonstrated experimentally. These "transverse ligaments" 
come under tension during rotation to the ipsilateral side, or 
when an attempt is made to push the vertebra backwards. 
During flexion (particularly ventral flexion) in the sagittal 
plane, the tension in them slowly rises as the articular 
processes undergo parallel displacement from the resting 

Position. Occasionally the opposite is found with lateral 
flexion (Fig. 7). 

According to Adams (1988) and Panjabi (1982), the 
increase in tension during the end stages of dorsiflexion — 
particularly when the interspinous Spaces are large — is 
associated with a significant limitation of movement. On the 
other hand, Bogduk et al. (1987) see this as limiting rota
tion. 

Near the upper and lower borders of the individual lumbar 
zygopophyseal jonts, this increase in tension is lost, so that 
here — as well as in the other regions of the vertebral column 
— the zygaopophyseal joints are enclosed only by thin 
capsules. In the angle between the lower parts of the Joint 
capsule and the ligamenta flava of the lumbar vertebrae a gap 
normally remains in which distensible connective tissue can 
move from the inside to the outside of the Joint according to 
the local pressure conditions (Schwarzenberger 1990). 

Interspinous ligaments 

The ligaments which run between the vertebral spines vary a 
great deal from region to region (Prestar et al. 1985). In the 
cervical and upper two-thirds of the thoracic column, their 
course is directed towards aligning the spinous processes, 
and they connect and cover the margins of adjacent pro
cesses. 

The interspinous ligaments of the thoracic vertebral col
umn are made up of the membranes of parallel fibres, which 
run diagonally as in the cervical column and fill up the space 
between the spinous processes. Longitudinal bundles of 
fibres, some 2 to 3 mm thick, are attached dorsally, and in 
places bind the vertebral spines together. These longitudinal 
traction fibres consist of both collagen and elastic tissue. In 
older people, it is not uncommon to find spurs 2 to 3 mm in 
length in the attachment area on the caudal side of the 
spinous processes (Prestar et al. 1985). The interspinous 
spaces of the lower thoracic vertebrae, and those at the 
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Fig. 5. Attachment areas of ligamenta flava (LF). 
a) Ossification in thoracolumbar transitional zone (arrows). 
b) Bracket-like processes of in lumbar and lumbosakral laminae 
(arrows). Dotted lines represent the border of attachment zones of 
ligamentum flavum. 

juction between thoracic and lumbar regions, are filled in by 
a membrane, 1 to 2 mm thick, in which, however, no 
prevailing direction of the fibres can be recognised. 

The interspinous ligaments of the lumbar vertebral column 
are particularly strongly developed (Fig. 8). They run down
wards and forwards through the interspinous space (Heylings 
1978), and are also connected with both the thoracolumbar 
fascia (lumbodorsal aponeurosis) and the caudal reinforce-
ment fibres of the Joint capsules (Prestar 1982; Aspden et al. 
1987). The corresponding ligamentous structures in the 
lumbosacral segment consist of fibres of the interspinous 
ligament, which run dorsocranially in the same direction as 

Fig. 6. Ligaments ("transverse ligaments" — TL) reinforcing the 
capsule of lumbar zygapophyseal joints. U A P upper articular pro-
cess, L A P lower articular process. 
a) Transverse section (ligamentum flavum removed). 
b) Schematic representation from behind. 

a b 

Fig. 7. Diagram illustrating function of the "transverse ligaments" 
of the lumbar zygapophyseal joints (viewed from behind). For 
further explanation see figure 6: 
a) ventral flexion, 
b) dorsal flexion. 

those of the thoracolumbar fascia, together with additional 
fibres of that fascia Streaming outwards from the tip of the 
spine of L5 and running obliquely downwards to their 
insertion on to the sacrum (Fig. 8). 

The interspinous ligaments of the lumbar vertebrae consist 
of stout bundles of Collagen fibres (Aspden et al. 1987), and 
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Fig. 8. Interspinous ligaments (IL) and thoracolumbar fascia (TF) 
of vertebral column in lumbar region (oblique lateral view). L F 
ligamenta flava, SL supraspinous ligament, B synovial bursa, T L 
„transverse ligament", ZJ capsule of zygapophyseal Joint, TFs 
superficial layer, TFd deep layer, A M origin of lateral abdominal 
muscles (internal oblique and transversus). 

only contain additional elastic fibres at the lumbosacral 
junction. They are nevertheless in a position, because of 
their direction and their close association with the dorsal 
fascial sheets, to act as guides during flexion in the sagittal 
plane. Owing to their oblique course, they slowly become 
increasingly stretched during the final stages of both ventral 
and dorsal flexion, and thereby act against the accompanying 
shearing stress (Putz 1985). The tensile strength varies 
greatly from region to region. According to Myklebust et al. 
(1988), this is significantly less in the cervical and thoracic 
parts of the column than in the lumbar region, where values 
of 100 to 200 N can be attained. 

Supraspinous ligament 

The supraspinous ligament is only developed as a separate 
structure in the thoracic and upper lumbar column (Prestar 
1982, 1985). It consists both of elastic and collagenous 
fibres (Chazal et al. 1985) and runs close together with the 
superficial fibres of the interspinous ligaments and with 
those of the thoracolumbar fascia. It can nevertheless be 
isolated as a separate thin band. In the lumbar region its 
tensile strength can be as much as 700 N . Although the 
supraspinous ligament is relatively thin, its great mechanical 
advantage allows it to exercise considerable turning force 
during the end stages of ventral flexion, thereby supplement-
ing the action of the ligamenta flava. 

Thoracolumbar fascia 

In general, the thoracolumbar fascia (lumbodorsal 
aponeurosis) is included as a supplementary component of 
the deep muscles of the back. However, because its attach
ment reaches up as far as the middle thoracic vertebrae, and 
particularly because of its functional significance for the 
movements of the entire lower part of the vertebral column, 
it is also regarded as part of the ligamentous apparatus of that 
structure. 

The thoracolumbar fascia consists of two sheets which lie 
very close together. Its fibres cross at an angle which can 
vary, rather like the struts in the gat of a lift (Prestar 1982). It 
is more strongly developed in the middle of the thoracic 
region and, reaching down to the sacrum and the medial 
extensions of the iliac crests, becomes remarkably thick. 
Both sheets arise from the tips of the spines, maintaining 
between these, however, a direct association with the inter
spinous ligaments (Fig. 8). One can even regard parts of the 
lower interspinous ligaments as deep components of the 
fascia. On account of its gate-like structure, the thoracolum
bar fascia provides no longitudinal bracing System over the 
vertebrae, but, in spite of being constructed of Collagen 
fibres, it slowly but increasingly limits ventral flexion only 
in its end stages. 

Below, the thoracolumbar fascia is attached only to the 
sacrum and iliac crests. More cranially, it serves especially 
to give attachment to the internal and external oblique 
muscles, and to the transversus abdominis. In general, the 
thoracolumbar fascia constitutes the dorsal wall of an 
osteofibrous tube in which lie the various subdivisions of the 
erector Spinae. Increase in pressure in this tube leads to the 
development of an elastic cushioning "conducting rod", 
which determines the movements of the lumbar vertebrae. 
The active influence of the tensile load produced by the 
lateral abdominal muscles must be emphasised, but the 
importance of the osteofibrous tube itself is not open to 
question (Tesh 1987; Reiman 1991). 

Iliolumbar ligaments 

When one is considering functional analysis of the caudal 
fixation of the vertebral column in the region of the lum
bosacral junction, the iliolumbar ligaments are particularly 
to be mentioned. Each ligament runs from the tip of the 
costal process of L 5 , which it encloses like a stocking, to 
diverge laterally towards the posterior inferior iliac spine. It 
is usually possible to distinguish a transverse sheet from one 
which angles forwards. Often there are also fibres anchored 
to the costal process of L4 (Boebel 1961). In small children 
this band may contain muscle fibres. 

The iliolumbar ligament has in the past given rise to a 
number of different functional interpretations. One of the 
commonest appearing in the literature is that it prevents 
Subluxation of L5 from the base of the sacrum (Benninghoff-
Goerttler 1985; Rauber-Kopsch 1987). Our own researches 
with a method which employs strain gauges have, on 
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the contrary, demonstrated that significant tension in the 
iliolumbar ligaments is firstly associated with increasing 
ventral flexion, and secondly with extreme rotation and lateral 
flexion (Paul 1989). This has also been confirmed by the 
researches of Yamamoto et al. (1990). A simple axial load 
does not increase tension in the ligaments; on the contrary, it 
is more like to result in shortening. 

As a result of these findings it is necessary, according to the 
basic principles of function, to include the iliolumbar liga
ment among the short segmental ligaments of the vertebral 
column. Starting with a basic tension of zero (rest position), it 
is, as a result of certain everyday movements, brought slowly 
under increasing tension. In this way it prevents the sudden 
appearance of tension peaks in the final stages of individual 
movements. 

The significance of the intervertebral disc dur
ing movements of the column 

It follows from the detailed description of their structure that 
the individual ligaments of the vertebral column are, both 
from the morphological and the functional point of view, to be 
regarded as separate units. With the exception of the anterior 
longitudinal ligament, the basis of their functioning consists 
in the fact that, because of the considerable obliquity of their 
fibres to the long axis of the trunk, their slowly increasing 
tension enables them to control and/or to limit individual 
movements of the vertebral column. This does not, of course, 
apply to the elastic ligaments, which follow their own 
functional laws. 

The anulus fibrosus must certainly be seen as taking part in 
the co-operative action of the segmental ligaments, and its 
crossed fibrous lamellae (Fig. 9) undoubtedly follow the 
principles mentioned above. It is not to be regarded as a mere 
wrapping for the nucleus pulposus, but as a true ligamentous 
component of the motion segment. 

To be sure, the separate functions here attributed to the 
fibres of the anulus and other ligaments of the motion segment 

Fig. 9. Arrangement of the 11-15 lamellae and fibres of the anulus 
fibrosus of lumbar intervertebral discs. The dorsal part of the anulus 
is smaller than the ventral. 

can only be carried out satisfactorily if the single fibres are 
already in play from the resting position onwards, which 
implies the existence of a certain initial tension. This initial 
tension is supplied by the internal pressure within the nucleus 
pulposus, which is therefore not required by the anulus 
fibrosus alone, but is also a decisive factor in determining the 
State of tension in the motion segment as whole. Only by 
means of this initial tension can a strict control of activity be 
achieved and jerky, haphazard movements avoided. 

Should the internal pressure in the disc be decreased, 
jerkiness, especially at the beginning of the movement, is to 
be expected. This can lead to short-term tension peaks in the 
individual fibre bundles. 

The significance of the intervertebral joints for 
the motion segment 

The ligaments, and particularly those of the lumbar motion 
segment, are not by themselves able to provide protection 
against constant shearing stress over a long period of time. 
Since, according to the reports of Kummer (1982, 1983, 
1991), the resultant force in the lumbar motion segment is 
directed obliquely downwards and forwards, it must be 
assumed that the principal stress in this segment tends to 
produce forward displacement. This is taken up by the 
anteromedially directed faces of the vertebral joints. On the 
one hand, the displacement of the upper vertebral body upon 
the lower is prevented; on the other, the vertebrae are 
compelled to act together, which in turn influences the degree 
of tension in most of the ligaments of the motion segment. 
This accounts, for instance, for the fact that the interspinous 
ligaments of the lumbar vertebrae are, at the end of both 
ventral and dorsal flexion, under tension, although they run 
through the interspinous space obliquely downwards and 
forwards. 

Conclusions 

Considered as a single unit, the ligaments of the motion 
segments - and particularly those of the lumbar motion 
segment — comprise a System which is able to control all 
phases of movement of the vertebral column (Fig. 10). Taking 
into account the spring-like tension in the intervertebral disc, 
together with the partial control exercised by the zygopoph-
yseal joints, one must regard the lumbar motion segment as an 
organised ligamentous unit, the mostly non-elastic compo-
nents of which - depending upon the degree of excursion 
present - act upon and control the movements of the vertebral 
column (Putz 1989). The elastic ligaments may be seen as an 
additional safeguard. 

If one searches for morphological parallels within the 
pasive components of the locomotor System, a large number 
of comparable examples are to be found. The cruciate 
ligaments of the knee-joint work in the same way, and so do 
the attachments between talus and calcaneus, acting through 
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Fig. 10. Action of ligaments of the lumbar motion segment: 
a) dorsal flexion, 
b) ventral flexion. 

the interosseous talocalcaneal ligament. Similar specialised 
ligaments are to be found in all the larger joints of the body. 
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