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INTRODUCTION

In March 1953 a girl, aged 4 years, complaining of pain
in the neck and showing acquired torticollis was seen at the
Orthopedic Department, University Hospital, Lund. Investiga­
tion revealed dislocation of the atlas (luxation or subluxation
of the atlas), i. e., a dislocation of the atlas in relation to the
epistropheus with consequent torticollis and contracture of the
dorsal musculature of the upper neck.

Subsequent literature studies soon revealed divergence of
opinion about the underlying mechanism of dislocation of the
atlas and the interpretation of the clinical picture as well as
about the most suitable method of treatment. Moreover, the
data available on the anatomy of the occipito-atlo-axoid joints
and especially on their mechanics were either vague or contra­
dictory.

It was in an endeavour to fill this gap in our knowledge
that the present investigation was started, the purpose of which
was to elucidate the normal anatomy of the craniovertebral
joints and the sequence of events in the development of so­
called spontaneous dislocation of the atlas.
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THE CRANIOVERTEBRAl JOINTS





Chapter I

GENERAL JOINT MECHANICS

The understanding of the mechanics of a given joint requires
good knowledge of the mechanics of joints in general as well
as of the anatomic features of the joint to be studied. However,
it is not intended to extend the scope of the present investiga­
tion to include a detailed description of the mechanics of
various types of joints. Therefore, suffice it here to give a brief
description of those types of joints of relevant interest. Readers
interested in further details are referred to the works of R.
FICK and HJORTSJo. Unless otherwise stated, the data given
below on the mechanics of some fundamental types of joints
are based on investigations by HJORTSJo.

FUNDAMENTAL TYPES OF MOVEMENT

Since movement always occurs in relation to one, two or
three of the three dimensions of space, movement is described
in relation to three main axes. In human anatomy the axes
are: the transverse axis, the sagittal axis, and the longitudinal
or vertical axis.

Two fundamental types of movement are distinguished:
rotation and translation. Rotation is to be understood as move­
ment about an axis, translation as movement along an axis.

If there is translation along, as well as rotation about, one
axis, the joint is said to have two degrees of freedom in relation
to this axis. A joint can thus have more degrees of freedom than
axes.

SOME TYPES OF JOINTS

When possible, the movements of a joint are described in
relation to the above-mentioned three axes. The joints are
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Fig. 1. After HJORTSJ{).

Ihercf'ore classified according to the possibilities of articulation
as uniaxial, biaxial or triaxial.

A uing1ymus or hinge joint is a uniaxial joint which permits
rotatory movement only. The articular head often has the shape
of a cylindric rod.

A screw-joint is a uniaxial joint allowing rotation and trans­
lation. Here the movement resembles that of a nut about its
holt, the bolt representing the articular head and the inner
surface of the nut the articular cavity.

A ball-and-socket joint permits movement about three axes
intersecting one another at the same point. One condyle is
spheric and the other cup-shaped and of corresponding radius.

An egg-joint is a biaxial joint, whose axes cross one another
a t right angles in different planes.

H. FICK (1904--1911) tried to illustrate the movements of
such a joint geometrically and arrived at the conclusion that
a guiding contact between the articular surfaces is not possible,
i. e. the articular surfaces are not able to stabilise the move­
ment of the joint, and that such joints must therefore have
"several axes of movement". If such a joint has only two pos­
sible types of movement, rotation about its axes, such as the
occipito-atloid joint unit, this is, according to FIeR, because
of the checking function of its ligaments.

H,JORTSJO (1952) compared a biaxial joint whose axes
crossed one another at right angles in different planes with an
egg in a tablespoon (Fig. 1). According to HJORTSJO, this joint
permits two types of movement: rotation about its longitudinal
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Fig. 2.

axis and rocking between the tip and the handle of the spoon
(BROMAN & HJORTSJO). This example illustrates the approxi­
mate movement in the joint, but it is not sufficient in the study
of the movement of the joint in detail.

The motion in a biaxial joint whose axes cross one another
at right angles in different planes is of relevant interest, because
the occipito-axoid joint unit appears to be of this type (FICK

1904-1911, POIRIER & CHARPY 1931, BROMAN & HJORTSJ()

1952). The assumption that such a joint might be guided by
ligamental function (R. FICK) appears less likely. The ligaments
guiding motion about one axis would prevent movement about
the other and ligaments guiding movement about the latter
would prevent movement about the former and thereby all
movement would be prevented. Therefore movement in such
a joint must be guided by the articular surfaces; otherwise no
such joint could exist.

A biaxial joint whose axes cross one another at right angles
in different planes can be illustrated by starting with two
cylindric rods representing movement about the respective
axes. It is then possible to investigate what portions of the rods
partake in rotation about both axes. It will be found that this
body will be fusiform with the axis of the smaller rod as the



14

Fig. 3.

longitudinal axis, the radius of the larger rod being the radius
of the longitudinal contour of the fusiform body (Fig. 2). If
this fusiform body be allowed to rotate about its axes in a
plastic mass, it will create a hollow in the shape of an annular
tube with the small half axis of the fusiform body as the
radius of the tube and the larger radius of the fusiform body
as the radius of the outer contour of the tube. This gives two
linear contacts between the fusiform body and the surface
described by its movement, e. g. the inner surface of the annu­
lar tube (Fig. 3).

A joint of this type is guided by two bow-shaped linear con­
tacts perpendicular to one another and probably represents
the ideal joint whose axes cross one another at right angles in
different planes. Guiding joint contacts are obtained, however,
even if only the longer of the two arcuate linear contacts is
present provided there is no play in the joint. A joint of this
type is illustrated in Fig. 4.

It should, however, be mentioned that this physical illustra­
tion of the functional principles of a biaxial joint whose axes
cross one another in different planes does not exclude possi­
hilities of biologic variation such as surface contact due to the
elasticity of the cartilage.
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Fig. 4-.



Chapter II

ANATOMY AND MECHANISM OF OCCIPITO·
ATLO·AXOID JOINTS

ANATOMY

The anatomy of the occipito-atlo-axoid joints has been de­
scribed in detail in several text books (R. FICK 1904-1911,
RAUBER & KOPSCH 1922, SPALTEHOLZ 1929, POIRIER & CHARPY
1931). The nomenclature, however, varies from one author to
another. This applies above all to the ligaments (HECKER 1923).
A short survey of the anatomy of these joints might therefore
be useful in order to avoid misunderstanding in subsequent
sections. Here use will be made of the nomenclature employed
by HAUBER & KOPSCH and SPALTEHOLZ with those modifica­
tions suggested by BROMAN & HJORTSJO (1952).

SKELETAL ANATOMY

Movement of the cranium in relation to the spine is con­
trolled by two composite joints, the occipito-atloid and the
atlo-axoid joints. Together they form a functional entity, the
craniovertebral joints.

The occipito-atloid joint unit consists of two separate joints
hetween the occipital condyles and the upper articular surface
of the atlas on either side. They should, however, be regarded
as parts of a single joint in that the occipital condyles as well
as the articular masses of the atlas are connected to each other
by osseous union.

The atlo-axoid joint unit consists of four separate joints,
two intervertebral and two odontoid joints.

The two intervertebral joints are said to be characterized
hv the fact that the articular surfaces of the atlas as well as
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of the epistropheus are convex \HENLE 1856), which is, how­
ever, denied by HULTKRANTZ (1912) (see below). The joint
capsules are loose and permit a wide range of movement.

The odontoid joints are: the anterior odontoid joint between
the dens and the anterior arch of the atlas and the posterior
odontoid joint between the dens and a transverse atlas liga­
ment, the ligamentum transversum atlantis (see below), enclo­
sing a cartilage. The anterior arch of the atlas and the trans­
verse ligament surround the neck of the dens in a firm ring
which has been called the annulus osteofibrosus by HECKER.

This name had been accepted here because it describes how the
atlas is fixed in relation to the epistropheus and the character
of the odontoid joints as joints between points of pressure in
this ring.

ANATOMY OF THE LIGAMENTS

The ligaments controlling craniovertebral movement can Ill'
conveniently divided into two groups:

A. OUTER LIGAMENTS

septum nuchae and ligamentum longitudinale uentrale.
membrana atlantooccipitalis dorsalis et ventralis, and
membrana atlantoepistrophica dorsalis et ventralis.

All these run longitudinally.

B. INTRASPINAL, SPECIAL LIGAMENTS

These ligaments have been described in detail by HECKER

(1923). They are situated on the ventral surface of the spinal
canal, where they form 3 separate though superimposed layers
(I-III below). In dorsoventral direction these ligaments are:

membrana tectoria, ligamentum crucijorme and the
odontoid liqaments (Fig. 5).

I. Membrana tectoria (Figs. 5 and 6 A) which is regarded
as a well developed continuation of the deeper layer of the
ligamentum longitudinalis posterior of the spine (SPALTEHOLZ):

2- Werne
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Fig. 5.

[t is firmly connected to the corpus epistrophei and runs in
cranial direction. After leaving the spinal canal it swings about
45 () ventrally (Fig. 5), passes the anterior edge of the foramen
occipitale magnum and is broadly attached to the cranial side
of the clivus between the canales hypoglossi.

Three parts are distinguished:

I. vertical ascending band to the anterior edge of the
foramen occipitale magnum (membrana tectoria according to
HECKER).

2. obliquely laterally ascending bands to the anterior edge
of the foramen occipitale magnum (Ie ligament occipito axo­
idien lateral intrarachidien according to HECKER), and possibly

;~. accessory bands running to the intervertebral capsules
between the atlas and the epistropheus, Arnold's ligament.

lI. Ligamentum crucijorme (Figs. 5 and 6 B) around the
dorsal part of the dens and consisting of:

1. A strong horizontal ligament between the atlas condyles,
the transverse ligament, which centrally encloses a cartilaginous
body, against which the dens articulates via the posterior odon-
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toid joint. Together with the anterior arch of the atlas the
transverse ligament forms a ring, the annulus osteofibrosus,
enclosing the collum dentis. The vertical or longitudinal dia­
meter of the transverse ligament at the attachment is given by
HECKER as much less than the corresponding diameter in the
central portion, 3-4 and 7-8 mm respectively (Fig. 6 B).
The transverse ligament has been compared with a section of
a funnel, the-mouth of which surrounds the collum dentis and
the open part contacting the dorsal outline of the caput dentis.



In the ligamentum cruciforme three parts are further dis­
t inguished:

2. 0 triangular descending band to the corpus epistrophei,
ii. a triangular ascending band to the anterior edge of the

l'ornmr-n occipitale magnum, and possibly
4. rm. accessory band ventral to the ascending triangular

ligament and attached to the apex dentis, Gruber's ligament.

HI. The odontoid ligaments (Figs. 5 and 6 C) consist of:

1. The alar ligaments extending from the dorsolateral sur­
faces of the caput dentis and attached to the medial surfaces
of the occipital condyles. They form an angle in cranial direc­
tion with one another and, according to HECKER, this angle
varies hetween 140° and 180°. This angle may he bridged by
all accessory ligament, Lauth's ligament. In accordance with
a description given by HENKE (1858), the alar ligaments are
said to he taut when the head is directed forward.

2. Liqametitum apicis deniis between the apex dentis and
the anterior edge of the foramen occipitale magnum. This
ligament, according to HECKER, should be regarded as a rudi­
mentary organ emanating from the chorda dorsalis, of poor
development and of elastic consistence.



MECHANICS OF THE OCCIPITO-ATLO­
AXOID JOINTS

According to R. FICK, our knowledge of the mechanics of
the occipito-atlo-axoid joints is based on WEBER & WEBER'S
(1836) Die Mechanik der Gehwerkzeuge. Supplementary con­
tributions to this field since made by SAPPEY (1853), HENLE
(1856), HENKE (1858), MORRIS (1879) and R. FICK (1904­
1911) form the foundation of modern concepts of the mecha­
nics of these joints.

HENKE (1863) expressed the view that the occipito-atloid
joint unit is a bi-axial joint with a transverse axis and a
sagittal axis crossing one another in different planes. This con­
ception is still accepted today (R. FICK, POIRIER & CHARPY,
BROMAN & HJORTSJO).

HENKE (1863) determined the position of the axis by deter­
mining in sagittal and frontal sections through the joints the
centres of the arcs formed by the outline of the joints, the
joint profiles. He found the transverse axis to run through the
centres of the mastoid processes and the sagittal axis through
a point situated 2 to 3 cm cranial to the apex dentis (Fig. 7).

Since the occipito-atloid joint unit is built up of two joints
and because the condyles of these two joints in sagittal direc­
tion are arcuate (cup-shaped), rotation, i. e. motion about a
third axis, the vertical axis, is prevented in this joint (R. FICK).
When turning the head, then, the atlas and the occipital bone
move as a single unit. Therefore hereinafter in the description
of such movements the atlas and the occipital bone will he
referred to as the occipito-atloid unit in order to stress that
it is not only the atlas but also the cranium that partakes in
such movements.

In the literature most interest has been focused on the atlo­
axoid joint unit which was originally conceived as permitting
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Fig. 7. After HENKE.

S indicates the point where the sagittal axis of the occipito-atloid joint
unit passes through the clivus.

T indicates the transverse axis of the occipito-atloid joint unit.

rotation only. The now widely accepted view that this joint
unit is a double-threaded screw joint was suggested by HENKE

11858) in his Die Bewegung zwischen Atlas und Epistropheus.
Because of the biconvexity of the intervertebral joint sur­

faces between the atlas and the epistropheus HENKE conceived
the turning of the head as a screw movement, the atlas on
movement from its midposition declining the anterior surface
of one side and the posterior surface of the other side of the
epistropheal intervertebral articular surfaces (see BROMAN &
H.roRTSJO pp. 117-118).

This view was criticized by HULTKRANTZ (1912) who found
the profile of the articular surfaces of the atlas in sagittal
sections could be either slightly concave or convex, According
to HULTKRANTZ, the curvature was seldom so pronounced that
its radius could he measured. He therefore concluded that the
screw movement is not characteristic of turning of the head



in all phases but probably only in the final phases of the
movement.

The conception that the atlo-axoid joint unit is a uniaxial
joint (WEBER, HENKE) has been criticized by HULTKRANTZ
1912, H. VIRCHOW 1928, R. FICK 1929, and BAKKE 19:·H who
demonstrated the co-occurrence of a transverse axis.

An assumption of MORRIS (1879) that the atlo-axoid joint
unit is triaxial, thus the co-occurrence of a sagittal axis,
appears to have been winning ground in recent years. Thus,
HULTKRANTZ, BAKKE, DANKMEIJER & RETHMEIER (1943) and
JACOBSON & ADLER (1953) have claimed that they could
observe a slight degree of sideward movement on roentgen
examinations.



FUNCTION OF THE LIGAMENTS

Of the outer ligaments of the craniooertebral apparatus, the
dorsal ligaments are considered to inhibit flexion and the ven­
tral to inhibit retroflexion.

The function of the intraspinal, special ligaments is more
complicated and therefore requires a more detailed description
of the role played by the ligaments in this apparatus.

MEMBRANA TECTORIA

.-\ccording to HECKER this ligament inhibits retro- as well as
a ntef'lexion in the occipito-atloid joints by its laterally ascen­
ding hands.

.Any accessory ligaments of the intervertebral joint capsules
hetween the atlas and the epistropheus, Arnold's ligament, do
not cross any joints and are not believed to have any signifi­
cant function in the mechanism of the craniovertebral appara­
Ius except to strengthen the capsules (HECKER).

THE CRUCIFORM LIGAMENT

With its transverse fibres, the ligamentum transversum atlan­
lis, this ligament holds the dens epistrophei against the anterior
arch of the atlas in the annulus osteofibrosus, According to
H. FIeK, rotation therefore occurs around the dens epistrophei
like a wheel around its axle.

HECKER also expressed the view that the transverse liga­
ment prevents vertical translation in the atlo-axoid joints. Thus
the caput dentis would, according to him, behave like a button
in a hutton hole.

The descending as well as the ascending fibres of the liga­
ment including Gruber's ligament, have, in HECKER'S opinion,
IlO function other than to stabilise the transverse ligament.



THE ALAR LIGAMENTS

According to HENKE these ligaments are taut in the mid­
position i. e., when the head is facing forward. He described
the possibility of rotation of the head as follows: the occipito­
atloid unit gradually descends on rotation with gradual slacke­
ning of the alar ligaments, which thereby permit rotation until
the occipito-atloid unit ceases to descend. Then the alar liga­
ment on one or the other side tightens and inhibits rotation.
FICK shares this view. According to this conception, on rotation
of the occipito-atloid unit to the right, for example, the left
alar ligament is drawn taut and prevents movement. R. FICK

also added that this tightening of the alar ligament in the
above example the left, leads to traction of the occipital condyle
on that side. Therefore turning of the head to the right is
associated with a lateroflexion of the cranium to the left.

The alar ligaments are also said to limit lateroflexion in the
occipito-atloid joints (R. FICK, HECKER); by lateroflexion to
the left, for example, tightening of the right alar ligament inhi­
bits the movement.

Lauth's accessory ligament is believed to have no func­
tion other than to stabilise the alar ligaments (HECKER).

LIGAMENTUM APICIS DENTIS

According to HECKER, owing to the poor development of
this ligament and its elastic consistence the ligament cannot
he of any special functional significance.



SCOPE OF MOVEMENT OF THE OCCIPITO­
ATLO-AXOID JOINTS AND FACTORS

LIMITING MOVEMENTS

Data on the range of mobility of the craniovertebral joints
given during the last few decades have been taken from the
works of R. FICK and POIRIER & CHARPY. They give:

Occipito-atloid joints

Ante- retroflexion
Lateroflexion

Atlo-axoid joints

Ante- retroflexion
Lateroflexion
Rotation

R. FICK

50°
30-40°

insignificant
o

60°

POIRIER & CHARPY

50°
14-40°

11°
4mm

30-80°

Of factors limiting movement the ligaments have been dis­
cussed in the description of the function of the ligaments. The
role of the muscles as a factor limiting movement will not
he dwelt on here because it is of no relevant importance for
the later discussion.

According to R. FICK skeletal contact limits the range of
movement of the occipita-atloid joints, where contact occurs
between the posterior edge of the occipital condyles and the
posterior edge of the upper articular surfaces of the atlas on
retroflexion.



Chapter III

AUTHOR'S INVESTIGATIONS

MECHANISM OF THE CRANIOVERTEBRAL

JOINTS

As is apparent from the preceding sections, the conception
of the mechanism of the craniovertebral joints has gradually
emerged from details given by different authors.

As to the occipito-atloid joints there has, as pointed out
earlier, been divergence of opinion on the mechanics of such
a type of joint. Judging by observations made in the present
investigation and by the work of HENKE and R. FICK, it may
be regarded as established that the occipito-atloid joints as a
unit is bi-axial, the axes crossing each other in different planes
and permitting two types of movement, forward and back­
ward bending and tilting to either side.

The atlo-axoid joints as a unit is regarded as a triaxial joint,
since in addition to rotation and ante-retroflexion a certain
lateroflexion has also been claimed on the basis of roentgeno­
graphic investigations (HULTKRANTZ, BAKKE, DANKMEIJER &
RETHMEIER, JACOBSON & ADLER).

Turning of the atlas is said to be a screw movement (HENKE).
Movement occurs around the dens like a wheel around an axle
(R. FICK) and the axis, the vertical axis, therefore passes cen­
trally through the annulus osteofibrosus and collum dentis
(R. FICK).

R. FICK accepted the claim of HULTKRANTZ and H. VIRCHOW
that they could roentgenographically demonstrate ante-retro­
flexion in the atlo-axoid joints. R. FICK states, however, that
this bending was not compatible with the construction of atlo­
axoid joints because the transverse ligament of the atlas should



logically prevent forward bending and the anterior arch of
the atlas backward bending. It appears that it has not yet been
established how these movements can occur. Neither has the
position of the transverse axis been determined.

If sideward tilting in the atlo-axoid joints is possible, the
anatomic basis and mechanism of such movement have not
been cleared up.

The purpose of the following investigation was to elucidate
the mechanism of the atlo-axoid joints.

INVESTIGATION OF THE MECHANISM OF THE
ATLO·AXOID JOINTS

Rotation in the atlo-axoid joints was studied on 5 anatomic
preparations from autopsies (Nos. 24-28 in Table VII).

This investigation was carried out on anatomic preparations
because it was necessary to study the movement relative to the
epistropheus. Roentgen-examination or postmortem examina­
tions would not have been suitable, because it would then not
have been possible to prevent movement of the epistropheus.
This point will be reverted to later (page 47).

Atlas-rotation was found to occur, as described by R. FICK,

like a wheel around an axle, i. e. with the annulus osteofibrosus
as the hub and the collum dentis as the axle.

It should be observed that both the dens and the annulus
osteofibrosus occupy an eccentric medioanterior position in
relation to the epistropheus and the atlas respectively. There­
fore on rotation of the atlas its forwardly rotating condyle will
project beyond the anterior circumference of the epistropheus.

In all these cases the path of movement of the condyles of
the atlas was curved and thus in accordance with the descrip­
tion of HENKE.

The preparation from one subject (No. 28) a male, aged 35,
showed normal neck-ligaments and ligament attachments. This
preparation was used for investigation of the vertical move­
ment of the condyles of the atlas on rotation in the atlo-axoid
joints. The preparation was placed on a horizontal support



resting on the corpus epistrophei, the spinal process and the
transverse processes with a disk about 2 mm thick under each
of the latter two. On maximal forward rotation the condyle of
the atlas was found to occupy its highest position. It descended
2 mm on backward rotation to midposition and another 4 mm
i. e., a total of 6 mm, on further rotation to maximal back­
ward position.

The condyle of the atlas thus on atlas rotation described a
descending curve during movement from maximal anterior
position to maximal posterior position.

On roentgen examination of the preparation from the side
and in the position described above it was found that a tangent
between the dorsal contours of caput dentis and corpus epistro­
phei showed a posterior inclination of only 50.

Bending movement of the atlo-axoid joints was studied
roentgenographically on a series consisting of 104 subjects with
normal joints (52 males and 52 females). The material and
technique are described on pages 63-70.

The mechanism of the bending movement of the atlo-axoid
joint cannot be studied satisfactorily on anatomic preparations
or post mortem because then skeletal or soft parts normally
participating in the movement must be at least partly removed.
Therefore roentgenography was considered the best method
available for studying the mechanism of the craniovertebral
joints during ante-retroflexion.

On retroflexion in the atlo-axoid joints the anterior arch of
the atlas was usually shifted cranially relative to the dens.
Fig. 8 gives a copy of superimposed roentgenograms of the
atlas in maximal dorsoflexion and maximal anteflexion respec­
tively, showing the shift of the anterior arch along the dens.
This displacement was measured with a millimeter-scale at
right angles to the tangent of the posterior outline of the caput
dentis and corpus epistrophei (Fig. 9). The displacement was
measured to the nearest mm. After correction for roentgeno­
graphic enlargement the average displacement was found to
be 1.4 mm (1.7 mm for females and 1.1 mm for males).

In 23 cases no such shift was observed, i. e., in the event of
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Fig. 8.

Fig. 9.



Fig. 10.

such shift it was less than 0.5 mm. Only in 4 cases did the
displacement exceed 4 mm (3 mm corrected value).

On anteflexion a cranial gaping was usually noted in the
anterior odontoid joint (Fig. 10). This change in position was
often distinct but it was not possible to measure the angle
because of the smallness of the movement, the combined shift
of the anterior arch of the atlas and the curved surfaces of
the dens and of the arch of the atlas.

Sagittal translation was studied in anatomic preparations and
roentgenographically. This movement was not studied at
autopsies because visual inspection of the joints would not have
been possible.



Transverse translation was studied on preparations of the
crunio-vertebral joints. The investigation could not be extended
to include post mortem examinations or roentgen examinations
hecause on the former visual inspection of the joints would not
he possible and because in the latter co-movement of the
epistropheus cannot be excluded.

Vertical translation was studied at autopsy and on a com­
plete preparation of the crania-vertebral joints. This permitted
investigation of translation in relation to the apex dentis.
Hoentgenologic investigation of vertical translation involves
technical difficulties and further verification of a minimal ver­
tical translation was not considered of importance for the later
st udies,

Horizontal translation, i. e., along the transverse and sagittal
axes, could not be produced in the atlo-axoid joints in any
of the above-mentioned 5 preparations. No translation along
the sagittal axis was observed in the 104 roentgenographic
examinations of the movements of the neck.

A slight vertical translation was observed at 19 autopsies
(Table I, page 39) and in the above-mentioned complete pre­
paration of the crania-vertebral joints. This was noted, how­
ever, only when the cranium was in mid-position. In 4 cases
in which it was measured, it never exceeded 1 mm (Table I).

DISCUSSION

Already on visual inspection of the above-mentioned pre­
parations of the cranio-vertebral joints it was obvious that on
rotation of the atlo-axoid joints the condyles of the atlas de­
scribed a vertically arcuated path, as pointed out by HENKE.
In investigations on sagittal sections through the intervertebral
joints HULTKRANTZ questioned the occurrence of such move­
ment. Many objections can, however, be raised against HULT­
KRANTZ'S investigations, e. g. a circular path of movement is
not reproduced in sections forming a tangent to the path of
movement. In Fig. 11 the path of movement of the condyles
of the atlas, as seen from above, are given as circles in relation
to the epistropheus. Sagittal tangents of these circles show the
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Fig. 11.

course of sagittal sections through the intervertebral joints and
how they thereby deviate from the path of movement illu­
strated by the circles.

Whether rotation in the atlo-axoid joints includes a screw
movement in the sense of HENKE depends on the direction of
the axis of movement relative to the longitudinal axis of the
body. In the above described investigation the direction of the
longitudinal axis of the body was assumed to be perpendicular
to the horizontal support of the epistropheus. Then the back­
wardly rotating condyle of the atlas described a descending
curve and the forwardly rotating condyle an ascending curve,
i, c. the axis of the rotatory atlas movement had a backwardly
inclined position relative to the imaginary longitudinal axis
of the body..Rotation of the atlas must under such circum­
stances be described as a movement combined with lateral

3- Werne



deviation of the longitudinal axis of the atlas. If, however, the
axes of the body and the rotatory atlas movement coincide,
as supposed by HENKE, the rotation of the atlas must be des­
cribed as including a screw movement. If it be assumed that
the axis of the rotatory movement is inclined forward relative
to the longitudinal axis of the body, rotation of the atlas would
again be combined with a lateral deviation of the longitudinal
axis of the atlas, but now in the opposite direction, because
the condyles of the atlas would now describe a descending
curve on anterior rotation and an ascending curve on back­
ward rotation.

I t is not intended to question the occurrence of a screw move­
ment in the sense of the term used by HENKE but to stress the
importance of judging rotational or screw movement relative
to the long axis of the body. It should thus be recollected that
the convex intervertebral articular surfaces facing one another
in the atlo-axoid joints may allow a type of movement other
than screw movement only. If the joints occupy a horizontal
position and their rotatory axis thus coincides with the longi­
tudinal axis of the body, rotation will involve screw movement,
but if the joints occupy a more or less forwardly or back­
wardly inclined position, movement of the atlas will be rota­
tional rocking.

Analysis of the mechanism of the atlo-axoid joints during
bending movements must be made relative to the fixation of
the atlas in the horizontal plane because the annulus osteo­
fihrosus surrounds the collum dentis (R. FICK, HECKER).

During anteflexion the range of bending of the atlas is
usually increased by a cranial gaping in the anterior odontoid
joint (Fig. 10). This gaping suggests a certain yieldability of
the cranial edge of the transverse ligament, a point which will
be discussed later in the investigation of ligamental function
(page 43).

Retroflexion would be prevented if the anterior surface of
the dens epistrophei were vertical. But it is not. In vertical
direction it curves more or less backward as is shown in Fig.
12 representing the outlines of 15 lateral roentgenograms of
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Fig. 12.

the dens. This permits to some amount the anterior arch of the
atlas to glide along the dens notwithstanding the fixation of
dens in the annulus osteofibrosus thus permitting some dorso­
flexion in the atlo-axoid joints.



Although it is probable that the bending in the atlo-axoid
joints can be more or less pronounced of the type anteflexion
or retroflexion, the average position of the axis of movement
owing to fixation of the collum dentis in the annulus osteofibro­
sus must be regarded as approximately determined to extend
through the center of this ring but to be located further ven­
trally during anteflexion and further dorsally during retro­
flexion,

No tilting in the atlo-axoid joints was observed. There is
no possibility for such a movement in the form of rotation,
because the intervertebral joint surfaces are perpendicular to
the imagined motion. Tilting by translation is prevented by
fixation of the collum dentis in the annulus osteofibrosus.

With the occipito-atloid unit in mid-position slight vertical
lranslation was observed. This translation is, however, insigni­
ficant. Normally this translation is probably prevented by the
weight of the head and by muscle tonus. At any rate it cannot
he produced by muscle activity and therefore is reason to
assume that it does not occur in vivo.

Sagittal and transverse translation are not possible because
in the horizontal plane the atlas and the epistropheus are firmly
fixed to each other.

SUMMARY

In accordance with what was stated earlier the following
movements are possible in the cranio-vertebral joints:

Occipito-atloid joints 1) ante-retroflexion
2) lateroflexion

Atlo-axoid joints 1) ante-retroflexion
2) rotation

(bending)
(tilting)

(bending)
(turning)

The craniovertebral joints thus permit three types of move­
ment, ante-retroflexion or bending, lateroflexion or tilting, and
rotation or turning.

These three types of movement are made possible by 4 axes,
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a sagittal axis in the occipito-atloid joints, a vertical axis in the
atlo-axoid joints, and a transverse axis in each craniovertebral
joint unit. Bending thus involves both craniovertebral joint
units.

With their three possibilities of movement, the cranioverte­
bral joints function like a ball and socket joint.



FACTORS LIMITING THE RANGE OF MOVEMENT
OF THE CRANIOVERTEBRAL JOINTS

As pointed out in earlier sections, data available on the ana­
tomy and function of the intraspinal ligaments of the cranio­
vertebral joints are contradictory and vague. Suffice it here
10 point out that the alar ligaments are described as tight liga­
ments and that the membrana tectoria is believed to limit the
ranges of both anteflexion and retroflexion in the occipito­
atloid joints. If this were true, however, it would imply that
the craniovertebral joints would be completely fixed. It was
therefore considered desirable to investigate the factors limi­
ting movement of the craniovertebral joints.

Autopsy studies were carried out on a material consisting
of 19 cases (Table I, page 39) and 5 anatomic preparations of
the craniovertebral joints (Table VII, Nos. 24--28, page 106).

The caloUe, brain and medulla oblongata were removed.
After the dura mater spinalis likewise had been removed the
special ligaments were available for examination in situ via
foramen occipitale magnum.

Most of the examinations were carried out to confirm or
disprove personal assumptions and earlier statements by others.
In view of the different purposes dissection was carried out in
different ways, and therefore they are described separately in
appropriate sections.

It would have been desirable in the subsequent sections to
deal with the factors limiting each type of movement of every
joint separately, but this is only possible for ante-retroflexion.
It was found that the other two alternatives, lateroflexion and
rotation, are combined with one another. It was therefore con­
sidered advisable to study each ligament for any possibility of
its inhibiting motion, and afterwards study any interplay be­
tween the ligaments.
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TABLE I.

Autopsy studies.

Case No.I;~lsexl
Alternative

I
Alternative

IAr/
A B Causa mortis

1 2 3 4 1 2 3 4

1 1 I 1 I
-

I 20 M 0-1 6-7 8 Leukaemia
II 47 M 39 0-1 39 0-1 4 Uraemia
III 45 F 43 0-1 43 4 Periarteritis nodosa
IV 22 M 10 0-1 4 4 Mol'S violenta
V 16 F 10 54 54 2-3 4-5 Poliomyelitis
VI 18 M 22 6 51 51 2-3 3-4 Cancer oesophagi
VII 61 M 18 12 53 52 1-2 2-3 Infarctus cordis
VIII 55 M 28 14 2-3 Anemia perniciosa
IX 34 F 41 12 61 45 12 63 Diabetes mellitus
X 82 F 36 10 55 55 Cholecystitis I
XI 64 M 36 8 65 36 8 68 Vitium organicum cordis
XII 48 F 25 12 41 31 12 41 3-4 Tumor cerebri
XIII 56 F 33 6 47 35 9 48 Vitium organicnm cordis
XIV 60 F 36 16 43 37 23 47 4-5 Intoxicatio
XV 56 F 36 13 44 35 14 45 4-5 Diabetes mellitus
XVI 19 M 36 16 60 35 16 59 3-4 6-7 Elephantiasis
XVII 36 F 24 19 48 24 19 48 1-2 4 Uraemia
XVIII 41 F 28 12 49 36 12 46 1-2 2 Tuberculosis pulmonum
XIX 25

1

M 18
114

24
1

22
118

24[ 6 Leukaemia

Alternativ A: Ligaments in situ.

Alternativ B: Dura and membrana tectoria removed.
Alternativ C: Dura and membrana tectoria removed, ligamentum trans-

versum atlantis divided.

1. Ante-retroflexion (0).
2. Lateroflexion (0).

3. Rotation (0).

4. Vertical translation (rnm).
5. Dislocation forwards or diastasis in anterior odontoid joint (mm).

MEMBRANA TECTORIA

OCCIPITO·ATLOID JOINTS

On anteflexion in the occipita-atloid joints the anterior por­
tions of the base of the skull descend (dotted in Fig. 13) inclu­
ding the attachment of the membrana tectoria on the clivus.
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The attachment and the point where the membrana tectoria
rides over caput deruis approach one another, whereby the liga­
ment becomes slack and consequently cannot check anteflexion
III the occipito-atloid joints.

COMMENTS

The course of the other special ligaments closely resembles
that of the membrana tectoria, in parallel layers between the
caput dentis and the base of the skull (Figs. 5-6). Ligaments
checking anteflexion in the occipito-atloid joints are conse­
quently not to be found among the special ligaments.

In these investigations the anterior margin of foramen occi­
pitale magnum was found to contact the caput dentis via an
interposed bursa, which, since it was not found to be described
in the literature before, has been called bursa apicis den tis
here. The wall of the bursa was sometimes so well developed
that it gave the impression of a further ligament. In 2 cases
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Fig. 14.

its extent and relation to the surroundings was examined
roentgenologically by injecting contrast medium (umbradil]
into the bursa (Fig. 14). It was found to communicate with
the odontoid joints.

On retroflexion in the occipito-otloid joints the attachment
of the membrana tectoria travels away from the point where
the membrana tectoria rides over the caput dentis. The liga­
ment is thereby tightened and then checks retroflexion in the
occipito-atloid joints.

ATLO·AXOID JOINTS

As mention,ed, anteflexion in the occipita-atloid joints IS

checked by skeletal contact between the anterior margin of
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Fig. 15.

The model illustrates the slightly divergent fibres of the membrana tectoria
between corpus epistrophei (lowermost) and the clivus (uppermost).

The model contains a central axle about which the clivus part can rotate.
A. Model in midposition, seen from behind.

B. Model in midposition, seen from the side.
C. The clivus part rotated 45° before the silk threads representing the

ligamentfibres inhibit further rotation.

the foramen occipitale magnum and the caput dentis. During
this movement the membrana tectoria becomes slack. On fur­
ther anteflexion of the head the anterior margin of the foramen
occipitale magnum shifts forwardly, downwardly over the
caput dentis. This movement is only possible by anteflexion
in the atlo-axoid joints. The membrana tectoria is thereby
tightened with the caput dentis as a fulcrum and in turn
checks anteflexion in the atlo-axoid joints.

If the membrana tectoria is tightened beforehand by retro­
flexion in the occipito-atloid joints, it would inhibit retroflexion
in the atlo-axoid joints by exerting a counter-pull on the outer
ligaments of the craniovertebral joints.
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No observations were made to suggest that the membrana
tectoria inhibits rotation in the atlo-axoid joints. The funnel­
shaped form of the membrana tectoria with a broad semi-cir­
cular attachment on the basis cranii and the relatively narrow
origin on the epistropheus does not suggest any checking effect
of the rotation. The torsion of the membrana tectoria necessary
to check rotation would be far in excess of the range of rotation.

This was confirmed in model experiments (Fig. 15). The
ligaments given in the model are tight in midposition (Fig.
15 A--B). This model permitted rotation through 45 0 in either
direction (Fig. 15 C). Therefore it appears that the membrana
tectoria has no checking effect on rotation.

LIGAMENTUM CRUCI FORME

The ascending as well as the descending bands of the liga­
mentum cruciforme were not found to have any checking
effect on motion. The ascending band was often found to be
so thin and slack that it gave the impression of a bursal wall.
which also appears to be its main function. The descendituj
band showed no inhibition of vertical translation of the
occipita-atloid unit of up to 6-7 mm (Table I), i. e. until
the dens appeared to luxate out of the annulus osteofibrosus,
for which reason this ligament does not appear to have any
checking effect on movement.

The investigation did not include a study of the accessory
Gruber-ligament.

The relatively short vertical diameter of the attachments oJ
the transverse ligament, its relatively long vertical diameter of
the central part and the almost transverse course of the cranial
fibres (Fig. 16) explain why the ligament has a certain yielda­
bility in its cranial portion permitting anteflexion in the atlo­
axoid joints.

This ligament appears to have no checking effect on normal
movement.
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B

Fig. 1&.

,\. Diagram illustrating course of the fibres of the ligamentum transversum
atlantis, seen from above. The cranial fibres run transversely, the basal
fibres semicircular/yo The medial portion is vertical, the lateral portions
almost horizontal.

B. Diagram illustrating course of the fibres of the ligamentum transversum
atlantis, seen from behind. The vertical diameter is largest in the medial
port ion, whereby the cranial fibres, which run almost transversely, are
able to yield somewhat ventrodorsally and thereby permit anteflexion
in Ihe atIo-axoid joints.

HECKER described the transverse ligament as inhibiting ver­
tical translation in its capacity as part of the annulus osteo­
fihrosus. The caput dentis then being said to act "like a button
in a button-hole". No such function was demonstrable.

On rotation in the atlo-axoid joints the caput dentis usually
shifts laterally, which is made possible by the cranial part of
the transverse ligament leaving the caput dentis without lateral
contacts (Fig. 16). If it also be recollected that the cranial part
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of the transverse ligament, as mentioned earlier, has a sagittal
yieldability there appears to be reason to make a distinction
between the collum portion and the caput portion of the trans­
verse ligament. When the term annulus osteofibrosus occurs
in this book it is from a functional point of view to be under­
stood as referring only to the ring formed by the anterior arch
of the atlas and the collum portion of the transverse ligament.

ODONTOID LIGAMENTS

ALAR LIGAMENTS

The alar ligaments are usually described as being tight when
in midposition (HENKE, R. FICK, RAUBER & KOPSCH, SPALTE­
HOLZ).

In all of the autopsies these ligaments were found to be about
the thickness of an ordinary lead pencil, rounded, and slack
in midposition. Fig. 20 shows stereoscopically the appearence
of the alar ligaments and their course in midposition.

FUNCTION OF THE ALAR LIGAMENTS ON LATEROFLEXION

On lateroflexion of the head, e. g. to the right, the left alar
ligament tightens up. The dorsal part of the caput dentis should,
according to the classical conception, then offer resistance to
inhibit further movement.

One condition which must be fulfilled for this to be possible
is that the epistropheus is fixed. But it is not. The pull exerted
by the alar ligament on the posterior surface of the caput den­
tis mainly in lateroventral direction produces a rotation of the
epistropheus, the anterior surface of which rotates in the direc­
tion the head is tilted.

In this combined movement the function of the ligaments is
best understood if explained step by step.
1) In the starting position, i. e. midposition, the alar ligaments

are slack (Fig. 17 A).
2) On moderate lateroflexion, e. g. to the left, the right alar

ligament tightens up (Fig. 17 B).
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3) On extreme lateroflexion, the dens rotates, whereby also
the left alar ligament is tightened up (Fig. 17 C).

Not until both alar ligaments are tight do they inhibit move­
ment.

Extreme lateroflexion thus results in the epistropheus rota­
ting in the same direction as ,the head is tilted, i. e. lateroflexion
of the cranium to the left results in rotation of the epistropheus
to the left.

FUNCTION OF THE ALAR LIGAMENTS ON ROTATION

'What was said about the limitation of lateroflexion, namely
that the epistropheus is not a fixed body, also applies here,
for which reason the force transmitted via the alar ligaments
results in a movement of the epistropheus. What really happens
is as follows; for simplicity,' the body or the epistropheus is
supposed to rotate relative to a fixed head:

1) On moderate rotation, e. g.' to the left, the left alar ligament
tightens up (Fig. 18B).

2) On extreme rotation the left alar ligament is shortened by
winding around the dens epistrophei (Fig. 18 C).

3) The left occipital condyle approaches the dens, whereby
lateroflexion occurs to the left in the occipito-atloid joints
and the right alar ligament tightens up (Fig. 18 C).

Comparison of the final results in Figs. 17 and 18 show that
the final positions are identical on rotation and on lateroflexion
in the craniovertebral joints, thus lateroflexion to the left in
the occipito-atloid joints is accompanied by rotation of the
epistropheus with its anterior surface to the left - on rotation
of the epistropheus to the left, there occurs a lateroflexion in
the occipito-atloid joints to the left.

In both cases there occurs a rotation to the right in the atlo­
axoid joints, and the same final picture is seen as in the former
two, if the occipito-atloid unit rotates to the right, as shown
in Figs. 19 C a!1d 2l.

The accessory Lauth's ligament were not found to have any
special checking effect.
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LIGAMENTUM APICIS DENTIS

The ligamentum apicis dentis has been described by HECKER

as being of no functional importance. Neither in the present
investigation was any checking function of this ligament
observed.
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SUMMARY

The main checking functions of the special intraspinal era­
niovertehral ligaments may be summarized as follows:

I. Membrana tectoria
1) checks retroflexion in the occipito-atloid joints,
2) checks anteflexion in the atlo-axoid joints, and
il) contributes to limitation of retroflexion in the atlo­

axoid joints by exerting a counter-pull on the outer
craniovertebral ligaments.

II. Ligamentum crucijorme
does not check normal movement.

III. The odontoid ligaments
Only the alar ligaments have any checking function. With
the head in midposition they are slack, but together they
check movement
1) when rotation is extreme, and
2) when lateroflexion is extreme.

The investigation also showed that anteflexion in the occi­
pito-atloid joints is inhibited by skeletal contact between the
anterior margin of the foramen occipitale magnum and the
dens via an interposed bursa. It is suggested that this bursa be
called bursa apicis dentis.

If we now apply the functions of the ligaments to the types
of movement of the craniovertebral joints, the results can be
summarized as follows:

Occipito-atloid joints
anteflexion is checked by skeletal contact,
retroflexion is checked by membrana tectoria,
lateroflexion is checked by the alar ligaments.

. itlo-uxoid joints
anteflexion is checked by membrana tectoria,
retroflexion is checked by the outer ligaments with
membrana tectoria exerting a counter-pull,
rotation is checked by the alar ligaments.



INVESTIGATION OF A POSSIBLE FUNCTIONAL
INTERPLAY BETWEEN THE LIGAMENTS OF

THE OCCIPITO-ATLO-AXOID JOINTS

As shown earlier (see page 52) the internal special ligaments
of the craniovertebral apparatus are of functional importance
in the occipito-atloid as well as the atlo-axoid joints. Since
they run in parallel layers between the epistropheus and the
occipito-atloid unit one might imagine functional interplay
between them. This possibility was studied in autopsy cases
accounted for in Table I on page 39.

ANTE-RETRO FLEXION

The investigation was carried out at post-mortem examina­
tion of 3 males and 7 females aged 19-64 years.

After removal of the calotte and the brain a steel pin :2 mm

in diameter and about 20 cm long was driven through the
apex dentis into the collum of the dens. Movements of the
cranium were judged relative to this pin. By its fixation in
the epistropheus the pin represented the stationary body in
relation to which movement was estimated. Ante-retroflexion
of the cranium was registered on a protractor in the sagittal
plane with the protractor resting posteriorly and anteriorly on
the edges of the skull bones. The protractor was adjusted and
read relative to the steel pin on maximal ante- and retroflexion
(Fig. 22).

In these examinations use was made of a protractor with a
large radius (15 em) in order to limite measuring errors. Since
each measurement required adjustment and reading a measur­
ing error of. ± 10 cannot be avoided.

The difference between the range of ante-retroflexion before
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Fig. 22.

Measurement of the total ante-retroflexion of the craniovertebral joints
post mortem. The centre of the protractor is set in relation to the steel pin
and read with cranium in maximum anteflexion (uninterrupted line) and
retroflexion (interrupted line). The difference between the readings is a

measure of total ante-retroflexion.

/

/
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TABLE II

Translation
Ante- Lateroflexion Rotation (mm)

Case Age in retroflexion (') (') Sa-
No. years Sex e) Vertical gtt-

tal
A B A B A B IA B C

I 20 M 0-1 6-7 8
II 47 M 37 37 0-1 0-1 4
III 45 F 41 41 0-1 4
IV 22 M

152

0-1 4 4
V 16 F 52 2-3 4-5
VI 18 M 49 49 2-3 3-4

VII 61 M 51 50 (-1) 1-2 2-3

VIII 55 M 2-3
IX 34 F 41 45 (+4) 12 12 59 61 (+2)
X 82 F 53 53
XI 64 M 36 36 8 8 63 67 (+4)
XII 48 F 25 31 (+6) 12 12 39 39 3-4
XIII 56 F 33 35 (+2) 6 9 (+3) 45 46 (+ 1)
XIV 60 F 36 37(+1) 16 23 (+7) 41 45 (+4) 4-5
XV 56 F 36 35(-1)1 13 14 (+ 1) 42 43 (+ 1) I 4-5
XVI 19 M 36 35 (-1) 16 16 58 57 (-1) 3-4 6-7
XVII 36 F 24 24 19 19 46 46 1-2 4
XVIII 41 F 28 36 (+8) 12 12 47 44 (-3) 1-2 2
XIX 25 M 18 22 (+4) 14 18 (+4) 22 22 6

Number of

I
10

I
10

I
16

I
4 9

I
15measurements

Mean values

I
31.3 33.6

I
12.8 14.3

I
46.6 47.0 1 0- 1 2.71 4.3

Mean age in years 1 43.9
I

43.9
I

48.1 133.5 38.0\42.1

A: Ligaments in situ.
B: Dura and membrana tectoria removed.
C: Dura and membrana tectoria removed, transverse ligament divided.

and after removal of the membrana tectoria was in the ten
experiments -1, -1, 0, 0, +1, +2, +4, +4, +6, and +8c

(Table II), that is an average increase of 2.30
•



DISCUSSION

The difference found lay within the limits of the error of
measurement in 5 cases. In the remaining 5 removal of mem­
hrana tectoria increased the average range of ante-retroflexion
hy 5°.

After removal of membrana tectoria the range of ante-retro­
flexion is sometimes slightly increased until limited by the alar
ligaments. If the alar ligaments are also divided the occipito­
atloid joints are no longer controlled directly by ligaments and
conditions therefore provided for luxation of the caput.

Ante-retroflexion is thus limited by the membrana tectoria
but to some extent by the alar ligaments. This checking effect
of the alar ligaments, however, appears to vary from one case
10 another.

LATEROFLEXION

Measurement of the total lateroflexion before and after re­
moval of the membrana tectoria were made in the same way
and by the same technique and on the same material. The
results showed that in 6 cases removal of the membrana tectoria
produced no change in the range of mobility, in one case a
change within the limits of the error of measurement and in 3
eases an increase by +3, + 4, and + 7° (Table II).

DISCUSSION

t:nderstanding of this to a certain extent surpnsmg result
will be easier if the physiological slackness of the alar liga­
ments and the individually varying angle between them be
borne in mind and on the other hand that the laterally ascend­
ing hands of the membrana tectoria run a course analogous
to that of the alar ligaments. In those cases in which the alar
ligaments were more or less horizontal or in which they are
markedly slack in midposition, it is possible that they might
permit wide play for lateroflexion and that the laterally
ascending bands of the membrana tectoria begin to function
earlier than the alar ligaments. This produces rotation of the
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Fig. 23.

epistropheus, a rotation which is limited by the alar ligaments.
Lateroflexion is then limited by its also being a rotational
movement. The occasionally increased range of lateroflexion
after removal of the membrana tectoria may thus be explained
as retarded function of the alar ligaments.

ROTATION

Range of rotation before and after removal of the membrana
tectoria was studied at 16 autopsies, 6 males and 10 females
aged 16-84 (Table II).
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Fig. 24.

A pen parallel to the above mentioned steel pin was fastened
to the latter by means of a plastic block (Fig. 23). The distance
between the tip of the pin and the tip of the pen was 62 mm.
The pen could move in its longitudinal direction but was fixed
in all other directions (Fig. 24). All turning movements were
registered by the pen on a plate resting on the posterior clinoid
processes and the temporal bones (Fig. 25).

In 8 cases the measurements noted were the same before
and after removal of the membrana tectoria. Differences were
observed in 8 cases, -3, --1,-1, +1, +1, +2, +4, and +4°
('fable II).
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Fig. 25.

DISCUSSION

In view of the relatively short distance between the steel pin
and the recording pen the measuring method must be regarded
as fairly coarse. The differences recorded were probably due
to errors of measurement.

The investigation thus supported the conclusion that the alar
ligaments are. mainly responsible for the limitation of rotation
of the atlo-axoid joints.



VERTICAL TRANSLATION

With the ligaments intact a vertical translation of the cranio­
vertebral joints was possible to some extent with the cranium
in midposition. At 19 autopsies this movement was observable
both by palpation and by inspection of the change in the ten­
sion of the membrana tectoria although the movement was
slight. In 4 cases measurement was made in 1 female and 3
males aged 20-47 years and the movement did not exceed
1 mm.

After removal of the membrana tectoria the possibilities of
vertical translation were studied and found to be 0-1, 1-2,
1-2, 1-2, 2-3, 2-3, 3-4, 4 and 6-7 mm at 9 autopsies,
l) males and 3 females, aged 16-80 years (Table II). The
average vertical translation was in these cases 2.7 mm, at most
0-7 mm and at least 0-1 mm.

DISCUSSION

The membrana tectoria thus limits vertical translation. In
all positions of the head except the midposition the membrana
tectoria retains a certain degree of tension. Contrary to this,
the alar ligament are markedly slack in all intermediary posi­
tions. No tension appears until movements are extreme.

Checking effect of the alar ligaments on vertical transla­
tion must therefore depend on their functional length in ver­
tical direction which varies from one case to another and in
different positions of the head.

HORIZONTAL TRANSLATION

That the transverse ligament as part of the annulus osteofi­
brosus prevents translation along the sagittal and transverse
axes is beyond all doubt (see page 32). Whether the membrana
tectoria and/or the alar ligaments contribute to this function
is, however, not known. Because of the importance of this
question for the understanding of the consequences of insuf­
ficiency of the transverse ligament it received special attention
in the present investigation.
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The importance of the transverse ligament for fixation of
the atlas in the horizontal plane was studied at 15 of the autop­
sies accounted for in Table I and in which the patients had
suffered from diseases not affecting the ligaments or the joints.
The material consisted of 8 males and 7 females aged 16 to
80 years. Examinations were carried out with subjects in the
supine position and the head supported by a pad. The calotte
and the cerebrum and medulla oblongata were removed.

In the first studies the transverse ligament was then divided
with a tenotome while the other transverse ligaments were left
as intact as possible. Not until the ligament had been com­
pletely divided did a ventrocaudal dislocation of the occipito­
atloid unit occur. The special ligaments running to the anterior
margin of the foramen occipitale magnum thereby became
loose and were thus of no importance for the mechanics of
the dislocation. They were therefore removed in later studies
whereby the transverse ligament and the alar ligaments were
available for direct inspection.

On gradual division of the transverse ligament no change
occurred in the relation between the positions of the occipito­
atloid unit and the odontoid process of the epistropheus until
the ligament had been completely divided. On complete divi­
sion dislocation forwards of the occipito-atloid unit occurred
immediately.

The alar ligaments flaccid in the midposition (see page 45)
do not primarily prevent dislocation forwards. Not until the
dislocation forwards of the occipito-atloid unit has assumed a
certain dimension are the alar ligaments tightened and further
dislocation inhibited. The extent of dislocation varied from
one case to another in the 15 examinations depending on the
functional length in ventral direction of the alar ligaments.
The distances made between the odontoid process of the epi­
stropheus and the anterior arch of the atlas was measured as
2, 2-3, 2-3, 3-4, 3-4, 4, 4, 4, 4, 4-5, 4-5, 4-5, 6, 6-7
and 8 mm that is on the average 4.3 mm (Table II).

The distribution among the various age groups was as
follows:
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Age Number Dislocation, mm Mean dislocation, mm

16-25 5 4, 4-5,6, 6-7, 8 5.8
26--35 0
.3n-45 3 2,4,4, 3.3
46-55 3 2-3,3-4,4 3.3
5tl-65 3 2-3, 4-5, 4-5 3.8
(if;-75 0
7n-85 1 3-4 3.5

4.3 5.8 3.5

It is apparent that the largest dislocations 6, 6-7 and 8 mm
respectively occurred among the 5 cases in the youngest age
group while the maximal dislocation among the older 10 cases
was 4-5 rnm.

DISCUSSION

The investigation on the ligaments of the craniovertebral
joints in insufficiency of the transverse ligament confirmed the
view put forwards by BELL, GREIG and WATSON-JONEs that
atlas dislocation is possible in insufficiency of the transverse
ligament only.

In intermediary positions the alar ligaments are slack and
in such positions they cannot prevent dislocation. The mem­
hrana tectoria becomes slack hy the dislocation movement and
thus cannot prevent dislocation either.

Partial division of the transverse ligament does not result in
dislocation of the atlas and there is no reason to assume that
partial rupture of the ligament should do so either. It appears
that dislocation is possible only if the transverse ligament is
completely insufficient.

In total insufficiency of the transverse ligament the extent
of the dislocation forwards depends on the functional length
in ventral direction of the alar ligaments, which seems to
decrease in age groups above 35 years.



ROENTGEN INVESTIGATION OF THE
MOVEMENTS OF THE OCCIPITO·

ATLO·AXOID JOINTS

In the preceding sections roentgenology was employed to
investigate certain details. In the study of other details, how­
ever, roentgenography could not be used because of sources
of error, e. g. co-movement.

Since the roentgenograms in some cases can only be analysed
against the background of the results of the investigation of
the mechanism of the joints, it was considered convenient to
discuss the roentgen-examinations in a separate chapter. A fur­
ther motive for this separation was that in some cases roentgen
examination can verify the results obtained in an investigation
of the mechanism of the joints. Finally analysis of the normal
roentgenogram was considered important for the interpretation
of the roentgenogram in disease.

ANTE-RETROFLEXION

MATERIAL

Investigation of the mechanics involved on ante-retroflexion
were carried out on 104 subjects (52 males and 52 females).
These subjects were patients or members of the staff of the
Orthopedic Clinic, Lund. The ages ranged between 10 years
and 62 years (average 25.5 years). Of these subjects, 85 (80.7
per cent) fell within the 16-35 year age classes. Patients with
diseases involving the region of the neck and patients with
systemic diseases, widespread skeletal diseases, diseases in­
volving the soft parts or the nerve supply were not accepted.
The patients included were such as had sustained a trauma or
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had some local disease not involving the craniovertebral joints
(Table III).

TECHNIQUE

Roentgenograms were taken during maximal anteflexion and
maximal retroflexion with the patient lying on the side with
the head on a pad to prevent lateral flexion and rotation.

The tube was adjusted so that the central rays passed through
the tips of the mastoid processes and thus through the dorsal
region of the caput dentis, i. e. coinciding with the assumed
axis of ante-retroflexion.

The focal distance was 90 em. The distance between the
medium plane of the cranium and the film was about one
fourth of this distance. Roentgenographic enlargement was thus
about 25 per cent, which had no influence on the investigation
of the angles of movement.

Only those examinations were accepted in which three details
in the median plane of the cranium in both roentgenograms
coincided by comparison: as a rule the floor of the sella turcica,
the top of the hard palate and the bottom of the occipital fossa.

Roentgenograms of each subject were then studied in the
following way:

1. The two roentgenograms of the cranium were placed on
top of one another with the three above mentioned details
coinciding, after which a line running through the roof of the
palate and forming a tangent to the lower skeletal outline of
the occipital bone was marked with pin pricks through the two
roentgenograms (a-b and aI-b1 in Figs. 26 A and 26 B).

2. The films were adjusted so that the contours of the atlas
coincided, after which a line running through the ventralmost
and dorsalmost point of the outline of the atlas was marked
with pin-pricks through both films (c-d and c1-d1 in Figs.
zs A and 26 B).

:~. The films were adjusted so that the contours of the epi­
stropheus coincided after which the posterior tangent to the
caput dentis and corpus epistrophei was marked with pin-
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pricks through both roentgenograms (e-f in Figs. 26 A, 26 B
and 26 C).

4. The pin-pricks in one roentgenogram were then trans­
ferred to drawing paper and corresponding lines drawn.

5. The other roentgenogram was then fastened to draw-

5- Werne



ing paper with pins through their respective pin-pricks of the
posterior tangent to the caput dentis and corpus epistrophei.
The pin-pricks of the other lines were then transferred to
drawing paper and corresponding lines drawn (Fig. 26 C).

(). Total ante-retroflexion of the cranium in relation to the
epistropheus was then measured as the angle between the two
lines representing the cranium on the two roentgenograms
(Fig. 26 C).

7. The total ante-retroflexion of the atlas was then meas­
ured as the angle between the two lines representing the atlas
on the two roentgenograms (Fig. 26 C).

8. The movement between the cranium and the atlas was
measured by the difference between the total movement of the
cranium and the total movement of the atlas.

The results of these measurements are given in Table III.

ANTE-RETROFLEXION OF THE CRANIUM

The posterior tangent to the caput dentis and corpus epi­
strophei was selected for comparison because it can be defined
exactly. The course of the otherwise usual central line through
the dens (R. FICK) cannot be defined exactly, because of the
varying contour of the dens (Fig. 12).

The posterior tangent of the caput dentis and epistropheus
represent, roughly speaking, the continuation of the anterior
contour of the spinal canal and thereby constitute, so to say,
a longitudinal axis of the body or a line parallel to it. It should
be possible to define the baseline of the cranium, the horizontal
line or horizontal plane of the cranium in relation to this line.
It appears that there is no generally accepted definition of this
tine or this plane except the somewhat indefinite term basis
cranii. It was found that for a horizontal line of the cranium
one must select a line forming a tangent to the cranial convex
contour of the hard palate and the declival part of the occipital
bone, Fig. 26 A, a-b. In this way it was possible to demon­
strate anteflexion in relation to a line perpendicular to the
above-mentioned vertical line in almost three fifths of 104
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IAge I I
I I I I

6 INo. in 1 2 3 4 5 Remarks
years I + I - I

40 I 18 26.51 6.5 I 20 0 4 IFract. navicular. man.
41 32 24 12 12 0 5.5 Fissura colI. femor.
42 20 31 6 25 1 9 Fract. patellae
4:~ 16 25.5 13.5 12 3 9.5 Fract. humeri
44 33 25.5 10.5 15 1 7 Degen. disc. lumbal.
45 19 22 6.5 15.5 1 3.5 Lumbago
4fi 25 20 10 10 2 1.5 Degen. disc. lumbosacral.
47 46 27 9 18 2 1.5 Spondylos. cervical.
41l 47 19.5 7.5 12 0 14 Brachialgia
49 32 31.5 18.5 13 3 2.5 Insuff. dorsi
.')0 62 16.5 7 9.5 3 5.5 Ruptur. tendin.
51

I
36 26.5 10 16.5

I
1 3.5 Brachialgia

52 44 20 8 12 1 7 Insuff. dorsi

S:a 11340/1236
1

562
1

674
1

/114/163.51 119.5 1

M \25.81 23.81 10.8\ 13.0 I 1 2.2
1

+0.8 I
(Females)

1 24 22 11.5 10.5 0 3 Volunteer
2 20 31 11.5 19.5 3 11.5 Contusio regio cubiti
:l 23 27.5 11.5 16 2 4.5 Volunteer
1 23 17.5 8 9.5 2 3.5 Volunteer
:") 33 28.5 8 20.5 0 0.5 Contusio regio cubiti
Ij 16 19 7 12 2 8 Luxatio patellae
7 13 32.5 14 18.5 2 8.5 Morbus Duchenne-Erh
8 20 20 10 10 4 2 9 Volunteer
\) 22 29.5 6.5 23 7 0 4 Volunteer

10 22 32 11 21 11.5 3 10 Volunteer
11 13 28 7.5 20.5 13.5 1 8 Hydrops gen.

I 12 19 20 13.5 6.5 5 2 6.5 Volunteer t
13 24 26 21.5 4.5 5.5 1 5 Volunteer
14 21 13 5 8 9 3 1 Volunteer
15 42 29 8.5 20.5 9 1 7 Volunteer
16 28 22.5 8.5 14 1 6 Volunteer
17 30 18 12.5 5.5 2 5.5 Volunteer
18 17 21 7.5 13.5 6 2 0.5 Volunteer
19 24 10.5 7 3.5 1 10 Distorsio pedis

I 20 29 21.5 10 11.5 2 1 Brevitas extremit. info dx.
21 29 21 2 19 4 0 2.5 Volunteer
22 21 15.5 7 8.5 0 7.5 Volunteer
2:~ 22 20 10 10 1 7 Volunteer
24 27 31 6.5 24.5 2 3.5 Volunteer
25 20 19.5 8.5 11 2 6 Volunteer
26 14 31 19 12 8 3 11.5 Volunteer
27 26 38.5 16.5 22 4 16 Contusio cranii
21l 18 9 3 6 1 21.5 Pes plan.
29 15 26 8 18 0 3.5 Osteochondrit. diss. gen. I30 16 16.5 5 11.5 0 11 Luxatio patellae
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I Age I
I I I

I I 6

I
N0'1 in 1 2 3 4

I
5

I
Remarks

years + I -

31 28 14.5 6.5 8 01 3.5 Volunteer
32 26 32.5 10.5 22 1 13 Volunteer
33 31 16 5 11 0 9 Volunteer
34 27 39.5 7 32.5 0 4 Volunteer
35 23 20.5 6.5 14 2 7 Volunteer
36 19 27.5 6.5 21 1 9 Volunteer
37 34 16 5.5 10.5 1 2.5 Degen. disc. lumb.
38 27 22 14 8 3 5 Brachialgia
39 38 20 11.5 8.5 2 15.51 Lumbo-ischias
40 34 21 6.5 14.5 1 2.5 Degen. disc. lumbo-sacral.
41 35 26 6 20 0 8 Degen. disc. lumb.
42 39 18.5 9.5 9 1 18 Insuff. dorsi
43 26 20 7 13 0 7 Spondylos.. cervical.
44 18 18 6.5 11.5 0 4 Degen. disc. lumbo-sacral.
45 33 25 8 17 2 1 Lurnbo-ischias
46 17 29 9 20 2 11 Lumbago
47 33 29 15.5 13.5 0 19 Spondylos. cervical.
48 32 26 13.5 12.5 2 13 Dolores articul.
49 44 10 7.5 2.5 1 2.5 Insuff. dorsi
50 29 20 9 11 1 7 Brachialgia
51 27 29 12.5 16.5 4 15.5 Degen. disc. lumbo-sacral.
52 18 22 13 9 2 10 Brachialgia

S:a 1130911199 1
482.5 [716.51 [ 71

1
329 [ 61 [

1\1 \25.2123.1 I 9.3
1

13.8 I 11.41 +5.2 I I

examinations (Table III). Compare line a-b in relation to
line e--f in Fig. 26 A.

Since individual variations decide the occurrence, if any, of
an average minimal ante-flexion of 3° for the craniovertebral
joints, it would perhaps be more correct to speak only of
retroflexion in these joints. The question of exact definition of
movement during ante-retroflexion is probably of no practical
importance. Movement can be divided into two different parts
or it may be described simply as ante-retroflexion or move­
ment about the transverse axes of the occipito-atlo-axoid joints.
Here anteflexion or retroflexion are to be understood only as
indicating the direction of movement.

The range o~ movement of the joints under consideration as
seen in the roentgenograms are described on pages 74-78.
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Fig. 27.

ANTE·RETROFLEXION OF THE ATLAS

The mechanism of the ante-retroflexion of the atlas was
described on pages 29-31 and the results of measurements of
the range of movement are accounted for in corresponding
anatomic studies on pages 74-78.

COMMENTS

In somewhat more than half of 104 roentgen-examinations
skeletal contact appeared to exist between the posterior arch of
the atlas and the occipital bone on retroflexion in the occipito­
atloid joints (Fig. 27). In the remaining cases there was a
varying diastasis up to 10 mm.

Skeletal contact between the posterior arch of the atlas and
the occipital bone should therefore probably be regarded as a
possible factor limiting retroflexion in the occipito-atloid joints.

LATEROFLEXION AND ROTATION

As pointed out earlier, lateroflexion in the occipito-atloid
joints is associated with a rotation of the anterior surface of
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Fig. 28.

the epistropheus in the direction of lateroflexion. On roentgen
examination of 13 subjects selected at random from the above­
mentioned material (2 males, 11 females aged 13 to 42 years
with an average age of 21.2) this was confirmed in that the
epistropheus- on maximal lateroflexion always appeared asym­
metric in frontal views (Fig. 28).

A

B



In order to confirm the combination of the movement of the
occipito-atloid and atlo-axoid joints on rotation in the occipito­
atloid joints examinations were carried out on a 44 years old
male subject. During examination the head was immobilised.
As expected, on rotation of the trunk lateroflexion occurred
in the occipito-atloid joints in the direction of the rotation
(Fig. 29).

COMMENTS

The asymmetry of the outline of the atlas and the anterior
part of the epistropheus on lateroflexion of the occipito-atloid
joints on the side to which the lateroflexion is directed has led
to the misconception that the atlas is displaced laterally over
the epistropheus and thereby partakes in lateroflexion (HULT­
KRANTZ, BAKKE, DANKMEIJER & RETHMEIER, POIRIER & CHARPY,
COUTTS). JACOBSON & ADLER also shared this view but they
observed rotation of the epistropheus, a rotation for which
they could, however, offer no explanation.

As shown earlier (see page 32) lateroflexion and/or transverse
translation of the atlo-axoid joints is anatomically impossible.
Since roentgen examination did not suggest any such move­
ment either, it may be concluded that the earlier conception
put forward by the above-mentioned authors was erroneous.
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Right
Fig. 29.

A. Rotation of the trunk to the left.
B. Rotation of the trunk to the right.

Left *

* All roentgenograms in sagittal or axial projection illustrated in this
paper the reader should imagine the subject en face.



RANGES OF MOVEMENT OF THE
CRANIOVERTEBRAL JOINTS

In connection with the post-mortem examinations (Table I)
and the roentgen examinations (Table Ill] the range of move­
ment of the craniovertebral joints was noted. The ranges found
did not, however, agree well with those usually given as normal
on the basis of earlier investigations of R. FICK (1904-1911)
and POIRIER & CHARPY. (1926).

It might therefore be of interest to account for the results
found in the present investigation.

The ranges of movement of the cranium and of the atlas
were judged in relation to the epistropheus; roentgenographi­
cally, in relation to a median vertical line in a transverse plane
forming a tangent with the dorsal contour of the caput dentis
and corpus epistrophei and, post mortem, in relation to a steel
pin passed through the apex dentis into the collum dentis and
coinciding as closely as possible with the vertical axis of the
craniovertebral joints.

The material and the results of examination are given in
Tables I and III and, as far as the post-mortem examina­
tions are concerned, the results are also summarized below
in Table IV.

RANGE OF ANTE-RETROFLEXION

The complete range of ante-retroflexion in the cranioverte­
hral joints was studied post-mortem in 6 male subjects and
8 female subjects, aged 19 to 82 years (average 51.2 years).
The mean range of ante-retroflexion was found to be 29.8°
(max. 41°, min. 18°). The technique employed in these exami­
nations was accounted for earlier (page 53).
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TABLE IV.

I
Age in

I
IAnte-retro-I Latero- I' . I VerticalCase No. Sex flexion flexion Rot~tlOn translation

years (') (0) () (mm)

I I I
I 20 M 0~1

II 47 M 37 0~1

III 45 F 41 ()~1

IV 22 M 10 0~1

V 16 F 10 52
VI 80 M 22 6 49
VII 61 M 18 12 51
VIII 55 M 28 14
IX 34 F 41 12 59
X 82 F 36 10 53
XI 64 M 36 8 63
XII 48 F 25 12 39
XIII 56 F 33 6 45
XIV 60 F 36 16 41
XV 56 F 36 13 42
XVI 19 M 36 16 58
XVII 36 F 24 19 46
XVIII 41 F 28 12 47
XIX 25 M 18 14 22

Total I 417
I

190
I

745 I
Number I 14 I 16

I
16 I

Mean age in years I 51.2 I 47.2
I

48.1 I

The range of ante-retroflexion was also studied roentgeno­
graphically in lateral views taken on maximal anteflexion and
maximal retroflexion. The roentgen technique and measuring
technique are described on page 64.

The total active range of ante-retroflexion of the cranium
as seen at roentgen examination of the 104 cases (Table III)
was found to be on the average 23.4 0 (max. 39.5°, min. 9°).
Ante-retroflexion of the atlas was on the average 10.0° (max.
21.5°, min. 2.0°). The remainder of the total ante-retroflexion
of the cranium is thus ascribable to movement in the occipito­
atloid joint, i. e. 13.4 0 (max. 32.5°, min. 3.5°).
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The roentgen examinations were performed on 52 male sub­
jects, aged 10 to 62 years (average 25.8 years) and 52 female
subjects, aged 13 to 44 years (average 25.2 years). The total
range of ante-retroflexion did not differ with sex (average 23.8°
for males and 23.1° for females). Neither was any difference
found between the range of this movement in younger and
older subjects. In the 10 to 23 year age classes consisting of
5:{ subjects of both sexes the average range was 24° and in
the 24 to 62 year age classes consisting of 51 subjects of both
sexes the corresponding value was 23°. The younger males and
the older females showed the highest averages, namely 25°
and 23.3° respectively. The 23 males in the higher age classes
and the 28 females in the lower age classes showed the lowest
average values, namely 22.2° and 22.7°.

RANGE OF LATEROFLEXION

Lateroflexion was studied post mortem in 16 subjects, 7 males
and 9 females, aged 16 to 82 years (average 47.2 years). This
range of movement was found to be 11.9° (max. 19°, min. 6°).

Measurement of active lateroflexion was made in sagittal
views taken through the mouth on maximal lateroflexion to
either side, after which the total range of lateroflexion was
determined as the angle between the atlas contours in the two
superimposed craniocongruent roentgenograms. As measured
in 13 subjects, 2 males and 11 females, aged 13 to 42 years
(average 21.2 years) total lateroflexion was found to be 7.8°
i max. 13.5°, min. 4.0°).

RANGE OF ROTATION

Examinations post mortem by the technique described on
pages 57 and 58 and Figs. 23-25 on a series consisting of
6 males and 10 females, aged 16 to 82 years (average age 48.1
years) showed an average range of rotation of 46.6° (max.
58°. min. 22°).
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DISCUSSION

The difference between the total range of movement of the
craniovertebral joints, as judged by the two methods of exami­
nation must be considered as surprisingly small if it be borne
in mind that post mortem the normal turgor of the tissues
and the expansion of the muscles due to contractions are
eliminated. The force applied in the examinations post mortem
must also be borne in mind as possibly too high, especially
through the leverage implied by application of force to the
periphery of the cranium.

Moreover, in examination of active movement, it is doubtful
whether the subject really bends the head to an extreme posi­
tion and holds the head in such a position until the examina­
tion is finished.

Nothing argues against the average values found, 23° and
30° respectively being representative means for active and
passive ante-retroflexion of the craniovertebral joints.

In the measurement of lateroflexion post mortem it must be
recollected that this movement is combined with rotation of
the dens. For the measurement to be exact, the steel pin must
therefore exactly coincide with the axis of rotation.

The correctness of the position of the steel pin thus decides
the measuring error of the method. Since the axis passes
centrally through the collum dentis, it should pass through or
form a tangent to the anterior edge of the foramen occipitaIe
magnum. In the positioning of the steel pin the anterior edge
of the foramen occipitale magnum and the intermediate soft
parts should prevent forward inclination of the steel pin. On
the other hand, backward deviation of the steel pin in relation
to the vertical axis is often probably unavoidable, firstly to
avoid skeletal contact with the cranium and secondly in order
to be able to fasten the pin in the marrow cavity through the
usually backwardly curved cranial part of the dens (Fig. 12).

On lateroflexion the anterior surface of the epistropheus
rotates in the ,same direction as the lateroflexion which implies
that on rotation the backward deviation of the steel pin will
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cause the measurement of lateroflexion to be too large. On
average rotation of 47° the erroneous addition due to the in­
cline of the pin must be between one twentieth and one fourth
of the incline of the pin and thereby represent a considerable
source of error. The value found for lateroflexion post mortem
must therefore be regarded as too high. As to the roentgen
examinations, the results appear to be free from any such
source of error, since then lateroflexion is judged directly
between the cranium and the atlas. Rotation is also combined
with lateroflexion of the cranium. Since this lateroflexion, as
pointed out earlier, is only about 4° in either direction, it may
he regarded as a negligible source of error.

No practical method is available for radiologic measurement
of rotation.

Since rotation is obviously controlled entirely by the special
craniovertebral ligaments, there is no reason to suppose any
source of error of importance to have influenced the results of
measurements post mortem.

For comparison the values found are compared below with
those of R. FICK and POIRIER & CHARPY.

POIRIER
R. FICK & Values found

CHARPY

Craniouertebral joint unit
Ante-retroflexion 500 610 23 0

( 9 _41 0 )

Lateroflexion 30-400 18-,--440 go ( 4 -13S)
notation 600 30-80° 47° (22 _58° )

Occipito-atloid joints
Ante-retroflexion 50° 50° 13° ( 3.5-32..5°)
Lateroflexion 30-400 14-40° go ( 4 -13S)

A.tlo-axoid joints
Ante-retroflexion insignificant 110 io- ( 2 --21S)
Lateroflexion 0 4mm 0
notation 60° 30-80° 470 (22 -580 )
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TO SUMMARIZE, on the basis of theoretical studies, model
experiments, and literature studies it was concluded that gui­
ding articular contact is necessary for the existence of a biaxial
joint, whose axes cross one another at right angles in different
planes. The analysis showed that such contact can exist and
thereby disproves an earlier assertion of R. FICK. On the other
hand, it was found that HENKE's assumption that the occipiio­
atloid joint unit is biaxial is physically possible.

In contrast to what is widely believed, the alar ligaments
are slack when the head is in midpositions.

During the last decades it has been assumed that the atlo­
axoid joint unit is triaxial. In the present investigation, how­
ever, it was shown that the mechanics of the joints are such
as not to permit movement about a sagittal axis.

R. FICK doubted the possibility of movement about a trans­
verse axis in the atlo-axoid joint unit on the supposition that
the transverse ligament and anterior arch of the atlas would
prevent such a movement. However, observations made in the
present investigation confirm the occurrence of ante-retro­
flexion in the atlo-axoid joints. The mechanical requirements
for such movements were also investigated. The transverse axis
can shift somewhat sagittally, but runs approximately through
the centre of the annulus osteofibrosus.

According to R. FICK, the vertical axis of the atlo-axoid
joint unit runs centrally through the dens. This line is, how­
ever, irregular. In addition, the vertical axis is probably not
a fixed axis. However, it extends through the centre of the
annulus osteofibrosus, but can probably deviate somewhat in
the sagittal plane and on rotation of the atlas in the transverse
plane depending on the slope of the articular surfaces of the
intervertebral joints of the epistropheus.

On investigation of the factors limiting the range of move­
ment in the craniooertebral joints it was found that the range
of anteflexion in the occipito-atloid joints is limited by skeletal
contact between the anterior margin of the foramen occipitale
magnum and the apex dentis via an interposed bursa. Since
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Ihis bursa has apparently not been described earlier in the
literature, it is termed bursa apicis deniis. According to the
literature, anteflexion in the occipito-atloid joints is inhibited
by the intraspinal ligaments of the craniovertebral joints.
Because of the position of the transverse axis, these ligaments
cannot have such a function. Retroflexion in the occipito-atloid
joints is on the other hand inhibited by the membrana tectoria.

Limiting lateroflexion in the occipito-atloid joints has been
ascribed to a unilateral effect of the alar ligaments. A uni­
lateral effect of the alar ligaments, however, leads above all
to rotation of the epistropheus. This results in a tightening
of the contralateral alar ligament. The combined movement,
lateroflexion in the occipito-atloid joints with rotation in the
atlo-axoid joints then is inhibited by an interplay between the
two alar ligaments.

Anteflexion in the atlo-axoid joints is checked by the fact
that the membrana tectoria is tightened with the caput dentis
as a fulcrum. Because of the position of the transverse axis
this fulcrum effect is necessary for the membrana tectoria to
be able to check anteflexion. Retroflexion of the atlo-axoid
joints is checked by the membrana tectoria indirectly by
simultaneous retroflexion in the occipito-atloid joints.

Rotation in the atlo-axoid joints is believed to be checked
by a unilateral effect of the alar ligaments. The unilateral
effect of the alar ligaments, however, results in a lateroflexion.
in the occipito-atloid joints, whereby the contralateral alar
ligament is tightened and inhibits lateroflexion. The combined
movement, rotation in the atlo-axoid joints and lateroflexion
in the occipito-atloid joints, is then inhibited by an interplay
between the alar ligaments.

It was found that an interplay occurs between the special
craniovertebral ligaments in two ways, in that they have in­
hibitory functions through the membrana tectoria and the alar
ligaments and, secondly, stabilising functions through the trans­
verse ligament and the membrana tectoria.

III its checking effect the membrana tectoria is supported
by the alar ligaments during ante-retroflexion and the alar
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ligaments are supported by the membrana tectoria in their
checking of rotation and lateroflexion.

Normally the transverse ligament exerts no checking effect
on craniovertebral movements. It does, however, represent a
part of the annulus osteofibrosus. On loss of function of the
transverse ligament the occipito-atloid unit would be capable
of translation in the horizontal plane. Excursions during these
movements are limited by the alar ligaments. Since the atlo­
axoid joints from a functional point of view are interposed
between the origins and the attachments of the alar ligaments
and membrana tectoria, this ligaments are dependent on the
stability of the atlo-axoid joints for their function. In this
respect there is thus an interplay also between the transverse
ligament on one hand and the membrana tectoria and the alar
ligaments on the other.

The atlo-axoid joints show, according to HENKE, normally
a certain vertical translation as a screw movement during rota­
tion, but further translation, glapping, is prevented by the fact
that the alar ligaments were continously tight. The alar liga­
ments are, however, tight only in extreme rotation or latero­
flexion positions and can thus not have such a function. HECKER

ascribed the same function to the transverse ligament in that
the caput dentis and the annulus osteofibrosus should function
like a button in a button hole. No such function could, how­
ever, be demonstrated. Play in the craniovertebral joints is pre­
vented by the membrana tectoria, which practically speaking,
in all positions retains a certain degree of tension. The mem­
brana tectoria thus has also a function as a stabilising liga­
ment for the craniovertebral joints.

In these investigations the values for the normal range of
movement of the craniovertebral joints were noted and were
found to differ considerably from those usually given in the
literature. Since it might be of a certain clinical interest to
know to what extent movement of the head is due to move­
ment in the craniovertebral joints, the values are accounted for.

To gain surveyability the axes of movement, the ranges of
movement, and the main factors of inhibiting movement of the
craniovertebral joints are recapitulated in the following tables:

6 -- ,Verne



82

Axes Type of movement Range of
movement

Main movement-inhibiting
factors

OCCIPITO-ATLOID JOINTS

l.

Transverse axis
i through the mas­
toid processes)

[I.

Sagittal (extending
ahout 2 ern cra­
nially to the apex
<It'ntis

Ante-retroflexion

Lateroflexion (com­
bined with rotation
in the atlo-axoid
joints

about 13°
(3.5-32.5°)

about 8°
(4-13.5°)

Antejlexioti
Skeletal contact via bursa
apicis dentis, between the
anterior margin of the
foramen occipitale mag­
num and caput dentis.

Retroflexion
Membrana tectoria (pos­
sibly skeletal contact be­
tween the posterior arch
of the atlas and the occi­
pital bone).

Dextroflexion
Ligamentum alare sinister
with counter-pull of Iiga­
mentum alare dexter.

Sinistroflexion
Ligamentum alare dexter
with counter-pull of liga­
mentum alare sinister.

ATLO-AXOID JOINTS

J.
Transverse axis
(approximately
through the centre
of the annulus
osteofihrosus

If.

Vertical axis
through centre of
annulus osteo­
fihrosus

Ante-retroflexion

Rotation (combined
with lateroflexion in
occipito-atloid
joints

about 10°
(2-21.5°)

about 47°
(22-58°)

Anteflexion
Membrana tectoria (with
caput dent is as hypornoch­
leon).

Retroflexion
Membrana tectoria by
counter-pull to the outer
anterior ligaments.

To the right
Ligamentum alare sinister
with counter-pull of liga­
mentum alare dexter.

To the left
Ligamentum alare dexter
with counter-pull of liga­
mentum alare sinister.



Axes Type of movement Range of
movement

8 ')a

Main movement-inhibiting
factors

CRANIOVERTERRAL JOINT UNIT

I.
Transverse axis of
the occipito-atloid

joints Ante-retroflexion
II.
Transverse axis of
the atlo-axoid
joints

III,
Sagittal axis of the Lateroflexion
occipito-atloid
joints.

and

IV.
Vertical axis of the notation
atlo-axoid joints

about 23°
19-41°)

about 8°
(4-13.5°)

about 47°
(22-58°)

Anteflexion
Skeletal contact for the
occipito-atloid joints and
membrana tectoria for the
atlo-axoid joints.

Retroflexion
Membrana tectoria (pos­
sibly skeletal contact in
the occipito-atloid joints.

Ligamenta alaria.

Ligamenta nlaria.





ATLAS DISLOCATION





Chapter IV

EARLIER INVESTIGATIONS

The first to describe a verified case of dislocation (luxation,
subluxation) of the atlas because of rupture of the ligamentum
transversum atlantis was BELL 1830. In a report of a neuro­
logic investigation he described a case that has often been
referred to by later workers in this field. In this patient, who
suffered from a syphilitic ulceration of the pharynx, death
was preceded by two hour's apoplectic symptoms. Post-mortem
examination showed rupture of the transverse ligament to be
the cause of death. The atlas had been dislocated and had
compressed the cord.

In 1855 MALGAIGNE gave a detailed clinical survey of various
types of dislocation of the atlas. He classed dislocations of the
atlas as traumatic or pathologic according to etiologic factors,
and in forward or backward according to the main direction
of the dislocation.

BLASIUS (1868) by including all dislocations of the atlas
under the heading of traumatic vertebral luxations seems, since
he has often been referred to, mainly responsible for the wide
belief in the traumatic origin of dislocations of the atlas, a
concept that remained unchallenged fo several decades.

At the turn of the century, however, descriptions appeared
of dislocation of the atlas in association with rheumatic affec­
tions. Thus BOGER (1905), for example, reported a case under
the name of malum suboccipitale rheumaticum.

WITTER (1908) was the first to direct attention to the fact
that dislocation of the atlas might follow an infection not
directly involving the region of the atlas; in his case the patient
had an alveolar periostitis.

Thanks to the work above all of JACOBS (1918), GRISEL
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IH)30), DESFOSSES (1930), GREIG (1931), and WATSON-JONEs
(1 H32) spontaneous dislocation of the atlas has gradually been
defined as a form of acquired torticollis with insufficiency of
the atloid transverse ligament and dislocation of the atlas. It
occurred in connection with or after acute or chronic infec­
tions involving the base of the skull or the upper cervical
region.

The term "spontaneous" was introduced by WATSON-JONES
in the name "spontaneous hyperaemic dislocation of the atlas".
Synonyms appearing in the literature of the last few decades
are malum suboccipitale rheumaticum (BOGER 1905), Disten­
sionsluxation (WITTEK 1908), Drehungsverrenkung (SUDECK
192:3), torticollis nasopharyngien (GRISEL 1930), maladie de
Grise! (DESFOSSES 1930), non-traumatic subluxation (BERK­
HEISER & SEIDLER 1931), and dislocation non traumatique
(BOEVER & HENNEBERT 1953) as well as other similar or more
descriptive terms. The name spontaneous dislocation of the
atlas appears to be preferred because it distinguishes the con­
dition from traumatic dislocation of the atlas, and on the other
other hand says nothing about the ethiology and pathogenesis,
questions which in several papers appearing in the last few
decades have been left open to discussion (DELGOFFE 1934,
HESS et al. 1935, WILSON et al. 1940, SULLIVAN :349).

Spontaneous dislocations of the atlas have be-n described
in association with rhinopharyngitis (GRISEL 1930, DESFOSSES
IH:30, WATSON-JONES 1932), tonsillitis (SWANBERG 1919, GRISEL
1930), retropharyngeal abscess (LOUNAVAARA 1949), scarlatina
(HESS et al. 1935), alveolar periostitis (WITTEK 1908), mas­
toiditis (TEDESCO et al. 1930, WATSON-JONES 1932), acute
rheumatic fever (JACOBS 1918, BERKHEISER & SEIDLER 1931,
COUTTS 1934), chronic polyarthritis (ELY 1911, KORNBLUM
d al. 1952), syphilitic pharyngeal ulcer (BELL 1830), tuber­
culous lymphoma of the neck (WATSON-JoNES 1932) etc.

WITTEK (1908) presumed that the ligaments in the occipito­
atlo-axoid joints could be stretched by a "metastatic effusion"
in these joints due to a periostitis of the jaw. A spontaneous
atlas dislocation was then possible. In accordance with this



theory WITTER suggested the term distension luxation for this
type of dislocation. JACOBS (1918), BERRHEISER & SEIDLER
(1931), WILSON et al. (1940), and SULLIVAN (1949) shared this
opinion.

GRISEL (1930) had observed aquired torticollis in associa­
tion with infectious diseases in the nasopharyngal region. He
claimed that inflammatory irritation of the attachments of
the deeper neck muscles could cause muscular spasms, which,
according to him, was the direct cause of torticollis. He thought
that in some cases dislocation of the atlas might occur be­
cause of the muscle spasm being so severe that the atlas was
enucleated forward between the epistropheus and the occipital
bone in the same way as a cherry stone can be squeezed out
by pressing it between the finger and thumb.

GREIG (1931) claimed that the vertebral ligaments are nor­
mally so strong that they cannot be torn off without simul­
taneous avulsion of a fragment of the bone to which they are
attached. Such fractures would thus be necessary for the devel­
opment described by GRISEL, but no such fractures were seen
in these atlas dislocations. Therefore, according to GREIG, one
must suppose a pathologic process in the transverse ligament
or its attachments to precede the dislocation. According to
GREIG, the adjacent vertebrae cannot escape being involved by
the hyperaemia occurring in association with an inflammatory
process in the region of the neck. Such hyperaemia results in
decalcification of bone substances (LERICHE & POLICARD 1926).
Loosening of the transverse ligament owing to such decalci­
fication is, according to GREIG, the obvious explanation of the
dislocation, because if the ligament with its weakened attach­
ment is subjected to strain it may loose its grip on the bone.
WATSON-JONES (1932) shared this view.

Opinions thus differ about the strength of normal cranio­
vertebral ligaments. A brief survey of earlier investigations in
this point might therefore be useful.

ORFILA (1840) assailed the then prevalent opinion that
hanging caused. dislocation of the atlas. He claimed that neither
legal hanging nor suicidal hanging results in dislocation of the
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atlas. ORFILA referred to some 50 postmortem reports of legal
hanging in England and to similar reports of suicidal hanging
in France and stressed that the formerly prevalent opinion had
not been based on reports of postmortem examinations.

WOOD-JONES (1931) analysed the injuries caused from fall­
board-hanging, and found that the cause of death varied with
the position of the running knot: in suboccipital hanging it was
strangulation; in subauricular hanging, either strangulation or
longitudinal lateral fracture of the base of the skull; and in
submental hanging, a fracture of the arch of the second cer­
vical vertebra with compression of the cord. He pointed out
lhat this had already been shown by a committee of 1886.

These investigations thus show that craniovertebral ligaments
are normally extremely strong. A search of the literature failed
to reveal reports of the tolerance of those ligaments to violence
in vivo other than extension.

The interval between the onset of an inflammatory disease
and a spontaneous dislocation of the atlas appears to vary
widely. It is not possible from the literature to form a clear
opinion of the average interval. In many cases no mention is
made of the interval or, if so, it is given in relation to some
operation without any information about the duration of the
previous disease. Calculated from the onset of an infection it
can occur even within one day (GRISEL, WATSON-JONES, and
others), while in chronic rheumatic diseases it might be several
years (BOEVER & HENNEBERT). WATSON-JONES gives an inter­
val of 7 to 10 days as the most common. In BOEVER & HENNE­
BERT'S series the interval was a week or less in 13 out of 27
cases which had not been submitted to operation.

The subsequent course is believed to vary with the extent
of the dislocation (WATSON-JONES) or with the type of the
dislocation (MALGAIGNE, BERKHEISER & SEIDLER, HESS et al.,
SULLIVAN, BOEVER & HENNEBERT). Usually three types of dis­
location are distinguished, i. e. unilateral forwards, unilateral
backwards and bilateral forwards.

The commonest type is unilateral dislocation forwards
IMALGAIGNE, JACOBS). In right-sided dislocation of the atlas
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forwards the head is turned to the left, bent to the right and
forwards. The spinal process of the atlas follows the external
protuberance of the occipital bone in the development of the
rotational position of the head, and the spinal process of the
epistropheus then lies to the left of the external protuberance
of the occipital bone (MALGAIGNE, SUDECK). If the dislocation
of the atlas is pronounced, the anterior arch may be felt as a
forward bulge in the retropharynx (MALGAIGNE, SWANBERG).
In such cases the spinal process of the epistropheus may bulge
out in the neck.

In right-sided dislocation backwards the head is said to be
rotated to the right and the spinal process of the epistropheus
to be palpable to the right of the inion. The anterior arch of
the atlas does not bulge into the retropharynx (BERKHEISER &

SEIDLER, HESS et al.).
In bilateral dislocation forwards there is at most slight rota­

tion of the head. The head is bent forward and the arch of the
atlas bulges into the retropharynx (MALGAIGNE, BERKHEISER
& SEIDLER).

According to WATsoN-JONES (1932), the immediate issue of
development of spontaneous dislocation of the atlas is said to
vary with the extent of rupture in the transverse ligament and
complete rupture may be fatal.

Small dislocations with only symptoms of torticollis are
most common (WATSON-JONES, BOEVER & HENNEBERT, and
others), while dislocations so extensive as to produce neurologic
symptoms because of cord compression are less common. In
BOEVER & HENNEBERT'S series neurologic symptoms were re­
ported in 15 of 103 cases. The neurologic symptoms are due
to cord compression and in mild cases manifest themselves in
the form of paresthesiae or disturbed reflexes. In severe cases
paresis can be extensive in the extremities and the trunk.
Cases with quadriplegia are on record (BERKHEISER & SEIDLER,
WATSON-JONES, WILSON et al., RAMOND, TITRUD et al., MAR­
GULIES et al. 1955).

The diagnosis of spontaneous dislocation of the atlas is
generally regarded as being simple, provided that the examiner



is acquainted with the condition. According to JACOBS (1918),
spontaneous torticollis must a priori be suspected of being due
10 spontaneous dislocation of the atlas. A history including
any infectious process in the upper region of the neck or base
of the skull makes the diagnosis still more probable (GRISEL,

WATSON-JONES, SULLIVAN, GROGONO). Painful contraction of
the upper neck muscles, support of the head with the hands
on change of posture (MALGAIGNE, GROGONO), gibbosity in
the upper neck region with the external protuberance of the
occipital displaced laterally in relation to the spinal process of
lhe epistropheus (MALGAIGNE, SUDECK), and possibly an an­
terior bulging of the arch of the atlas into the retropharynx
(MALGAIGNE, SWANBERG) can confirm the diagnosis.

In most cases the diagnosis might be verified by roentgen­
examination in ordinary projections (SWANBERG, 'VATSON­

.JONES, SULLIVAN, GROGONO). Lateral projections often show
a diastasis between the anterior arch of the atlas and the
odontoid (WATSON-JONES, SULLIVAN, GROGONO). In the an­
tero-posterior or sagittal view the joint space of the dislocated
intervertebral joint is reduced or disappeared, because of
superimposition of the joint processes (SULLIVAN, GROGONO,

BLOUNT).

Although the diagnosis is regarded as offering no difficulties,
it seems to have been .missed very often, even in the presence
of serious symptoms (SWANBERG; SUDECK, BERKHEISER &

SEIDLER, BROOKES, BLUNCK, SULLIVAN, BOEVER & HENNEBERT,

KOTSCHER). It is not unusual, for instance,that such patients
have been obliged to support the head with the hands for
some time before the condition is finally diagnosed (SULLIVAN,

KOTSCHER). It may also be possible for a patient to die with­
out the dislocation having been diagnosed.

In the establishment of a differential diagnosis one must
bea r in mind the possibility of congenital torticollis, in which
the position of the head is the same as that seen in sponta­
neous dislocation of the atlas, but with contracture or fibrosis
of the sternocleidomastoid muscle on one side. This muscle is
not involved in spontaneous dislocation of the atlas ('VATSON-
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or luxations of the lower vertebrae (SUDECK) osteitic processes
and especially syphilis and tuberculosis (ROEVER & HENNE­
BERT) must be borne in mind.

According to WATSON-JONES (1943 and 1955) spontaneous
atlas dislocation occurs mainly between the ages of 6 and 12
years. In their material of 28 cases WILSON et al, (1940) found
the majority to fall within the 5-12 year age group. In
SULLIVAN'S (1949) series of 56 cases 76.8 per cent were seen
in children below 13. The average age was 12.2 years. Cases
have, however, been reported from earliest infancy (LOUNA­
VAARA 1949) up to 62 years of age (WILSON et al. 1940).

WILSON et a1. found the condition to be equally common
in both sexes. SULLIVAN reported a slight preponderance for
females (54 per cent), but since his material consisted of only
56 cases, the sex distribution may be considered as equal
even in his series.

In BOEVER & HENNEBERT'S (1953) collection of non-trau­
matic dislocations of the cervical vertebrae there were 103
cases of atlas dislocation, and this represents the largest collec­
tion of so-called spontaneous atlas dislocation on record. An
earlier collection of SULLIVAN (1949) appears to have been
unknown to BOEVER & HENNEBERT because 24 of the 56 cases
in that series were not accounted for by BOEVER & HENNEBERT.
With these 24 cases the total would be 127.

Perusal of the literature, however, revealed further cases
which might reasonably be classified as spontaneous atlas dis­
location. These cases are often accounted for under symp­
tomatic diagnoses. On the other hand, some cases are classified
under the heading of traumatic atlas dislocation even in the
absence of known trauma, obviously because of lack of any
known or accepted origin. Finally, it appears that even since
the nature of so-called spontaneous atlas dislocation has be­
come known, there is a tendency to ascribe etiologic import­
ance to the most trivial trauma, which hardly appears justified.

BELL'S collection included in addition to tbe case (No. 62)
mentioned above, a further two of great interest which had



not been referred to earlier as atlas dislocations. In the one
case (No. 61) the patient was a man who, while pushing a
barrow over a pavement stone, collapsed and died. Postmortem
examination showed that the transverse ligament had ruptured,
the atlas was dislocated forwards and the cord was compressed.
The other (No. 64) was described as a case of torticollis. The
patient was a boy aged 16, who three months earlier had had
a cold with a sore throat. After the cold had passed off he
noticed a swelling of the back of the neck which gradually
increased. At the same time paresthesiae began to occur in all
limbs and finally he had right-sided hemiplegia, for which he
sought medical advice. An osteitic process was suspected. Bi­
lateral paravertebral incisions in the neck were followed by a
copious flow of blood but apparently no pus, because not until
10 days later was any formation of pus observed in the wound.
By then the patient had a quadriplegia and paresis of the
trunk. Movement of the head was painful and the patient was
treated with immobilisation of the neck. He was described as
improving after 1 year by when he had full control of the
limbs, but the right arm was still weak. MALGAIGNE (1855)
described 2 cases of his own in which the patients died from
intervening diseases after 7 months and 8 years, respectively.
In both of these cases postmortem examination showed insuf­
ficiency of the transverse ligament and the alar ligaments.
Since such combined insufficiency must in the opinion of the
writer be fatal, there is reason to suspect that the dislocation
of the atlas was due to insufficiency of the transverse ligament
only. In the patient who died at 8 years and in whom the
dislocation of the atlas occurred at the age of 6 months, an
osseous ankylosis had developed between the occipital bone
and the three upper cervical vertebrae.

LOB (1930) described a child, a boy, aged 4, who after 10
day's fever developed torticollis and after 4 weeks also right­
sided hemiparesis, which disappeared together with the fever
after a further 14 days. However, the torticollis persisted. LOR

described the clinical picture as a consequence of osteomyelitis
with atlas dislocation because of erosion of the odontoid pro-
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cess. However, examination of the reproductions of the roent­
genograms given show that the odontoid process was of nor­
mal appearance. The dislocation of the atlas was therefore
probably due to insufficiency of the transverse ligament.

Under the heading of cervical rheumatism with quadriplegia
GARNIER & DELON (1930) described an interesting case in a
boy, aged 13, in whom the condition should rather be regarded
as spontaneous dislocation of the atlas. The roentgenologist
reported the occurrence of increased diastasis between the epi­
stropheus and the anterior arch of the atlas. The patient was
treated with traction for 6 days and the quadriplegia ceased.

COUTTS'S (1934) series is not included in earlier compila­
tions. The material is so well presented and described that the
cases must be regarded as verified, although no case reports
are given. It consisted of 21 cases of subluxation of the atlas
which were seen at the New York Orthopaedic Dispensary
and Hospital.

In the literature on cases of so-called traumatic dislocation
of the atlas cases are often met with which occurred following
banal traumata. In the opinion of the writer such trivial viol­
ence cannot be the main cause of the dislocation of the atlas.
These cases should therefore be classified as spontaneous.

To those cases in which the force described was not sufficient
to be regarded as being the main cause of dislocation of the
atlas the following cases described in the literature as being
of traumatic origin should be added: 1 case without known
trauma (MIXTER & OSGOOD 1910); 1 case which occurred while
the patient was throwing a ball (OGILVY 1915); 7 cases, of
which 5 occurred in children in association with acute fever
and without any known trauma and 2 during treatment by
cultists (BROOKES 1935) as well as 2 cases described by BLAINE
(1925); 2 cases which occurred on movement of the head
(SUDECK 1923, 1 case, and RANKIN 1936, 1 case); 2 cases, one
described by LEDENT (1925) and the other by ROBER:fS (1927),
in which the dislocation occurred after operation on the upper
respiratory tract under anesthesia and finally 1 case occurring
during play (BLOUNT 1954).
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Finally, a further 6 cases of spontaneous dislocation of the
atlas have been described in recent years and therefore not
included in the above mentioned compilations (LOUNAVAARA

1949, KORNBLUM et aL 1952, GROGONO 1954, and KOTSCHER

1955) .

Cases of dislocation of the atlas in the absence of fracture
described in the literature but not included in the above men­
tioned compilations are given in Table V.

TABLE V.

I
-

Without Slight Severe or
Author Year trauma trauma undefined

I trauma

I~"" 1830 1
Malgaigne 1R55 2

I Hesse 1896 1
I Corner 1907 11
I Mixter & Osgood 1910 1I
I Ogilvy 1915 1,

Sudeck 1923 1
Blaine 1925 2
Ledent 1927 1
Konigwelser 1928 3
Garnier & Delon 1930 1
Greeley 1930
Lob 1930 1
Coutts 1934 21
Brookes 1935 7
Hudson 1935 4
Hoberts 1937 1
Hankin 1938 1 8

Lounavaara 1949 1
Jackson 1950 1
Kornblum et al. 1952 2
Blount 1954 1
Grogono 1954 2
Kutscher 1955 1

Total 32 17 29
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The literature surely contains still more cases of dislocation
of the atlas not combined with fracture. In the less recent
literature it appears that most of the cases of spontaneous
dislocation of the atlas are concealed under other diagnoses
(GRISEL 1930, BLUNCK 1935). In addition in many of the old
reports the cases are not described in sufficient detail to decide
with certainty whether they should really be classified as dis­
location of the atlas.

The first column in Table V comprises cases of spontaneous
dislocation of the atlas not included in earlier compilations.
The second column includes cases in which the trauma sus­
tained was too slight reasonably to be of any etiologic im­
portance. If these cases be included among the so-called spon­
taneous dislocations of the atlas, the sum including those
described in the earlier literature (SULLIVAN, BOEVER & HENNE­

BERT) will be 176 (Table VI).

TABLE VI.

291732

1 Without

I
Slight

I
Severe or

\

undefined Totaltrauma trauma trauma

From collections of SULLIVAN I
\ I Iand BOEVER & HENNEBERT 127

I Plus those III Table I

Total I 159 I 17 I 29
I

205

I 159 I 46 (22.4 'Yo) I 205

I 176 I 29 (14.1 'Yo) I 205
---

As to the remaining 29 cases, which represent 14.1 per cent
of the 205 cases on record without combined fracture, the
trauma sustained was often not described satisfactorily to judge
whether it was slight or severe. Among these 29 cases the
trauma was probably also sometimes slight. Even if it be sup­
posed that these patients had sustained severe trauma, opinions
still differ as 'to whether trauma by itself can lead to disloca-

7- Werne



lion of the atlas without combined fracture. Some authors
(MALGAlGNE, GREIG) state that such dislocation only occurs in
patients with predisposing weakness of the ligaments. This
would imply that in these remaining cases the trauma de­
scribed should be a contributory factor, but not the only cause
of dislocation of the atlas.

As suitable treatment WATsoN-JONES (1955) recommended
reposition under anesthesia and subsequent immobilisation in
craniothoracic plaster for 10 weeks and then immobilisation
with a detachable collar for a further 3 weeks. SULLIVAN is of
the opinion that reposition ad modum WALTON (1893) is too
risky in inexperienced hands and that this method does not
give such satisfactory reposition as the use of permanent trac­
tion. According to SULLIVAN, the head should be dorsoflexed
during traction treatment. Since traction treatment is to be
continued for 2-4 weeks skeletal traction should be preferred.
SULLIVAN therefore suggests especially in the presence of neu­
rologic symptoms skeletal traction with Crutchfield's tongs for
~-;3 weeks, after which reduction in SULLIVAN'S cases was
completed or could be completed by manipulation after which
the head and the neck were immobilised in plaster or a collar.

GROGONO (1955) shared SULLIVAN'S view. For cases that can
be reduced, but which recur after traction treatment GROGONO
suggested surgical fixation by fixing the posterior arch of the
atlas to the spinal process of the epistropheus by cerclage. In
such patients with threatening neurologic symptoms, quadri­
plegia, TITRUD et aI. (1949) and MARGULIES et aI. (1955) per­
formed surgical decompression and subsequent fusion.

'YIALGAlGNE was of the opinion that pathologic dislocation
of the atlas always resulted in osseous ankylosis.

BLUNCK and HESS et aI. studied inveterate cases that had
been diagnosed earlier but not treated. BLUNCK described a
case examined 18 months later and which showed clinical
and roentgenographic improvement with only slight persistent
torticollis and slight limitation or the range of mobility of the
head. The other inveterate case described by BLUNCK had
existed for 12 years, and in that case the dislocation persisted
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and turning of the head was considerably limited. BLUNCK
concludes that spontaneous healing may occur. HEss et al.
also described a long-standing case (5 years) that had not been
treated. The course resembled the second case described by
BLUNCK.

If a case receives proper treatment, the prognosis is said to
be favourable (WATSON-JONES, SULLIVAN, GROGONO). Also in
those cases with neurologic symptoms the prognosis is good.
Recovery after extensive paresis or quadriplegia has been de­
scribed (GARNIER & DELON, WATSON-JONES, WILSON et al.,
TITRUD et al., MARGULIES et a1.). BERKHEISER & SEIDLER de­
scribed such a case in which paresis disappeared before the
patient received treatment.

According to WATsoN-JONES, the issue is seldom fatal. Of
their 103 cases of spontaneous dislocation of the atlas BOEVER
& HENNEBERT reported 6 deaths. In such cases death appears
to be due to respiratory paralysis (BELL, RAMOND, APERT et al,
1928) .



Chapter V

THE POSSIBLE SIGNIFICANCE OF TRAUMA IN
DISLOCATION OF THE ATLAS

GREIG's opinion, which is based on examinations post mor­
tem, that the transverse ligament of the atlas is normally
stronger than its osseous attachments, has not been accepted
by all. This has led to a divergence of opinion as to what should
he understood as "spontaneous" dislocation of the atlas (WAT­

SON-JONES, COUTTS, WILSON et al.), as is apparent from the
varying definitions and suggestions on record (ODELBERG­

.JOHNSON, DELGOFFE, WILSON et al., BOEVER & HENNEBERT).

The scope of the term thus varies with the author's conception
of the possible role played by trauma in the dislocation.

The resistence of the craniovertebral ligaments to longitudi­
nal pull has been investigated by \VOOD-JONES, who stressed
that such violence could give rise to fracture of the base of the
sk ul! but never resulted in dislocation of the atlas. The resi­
stance of the craniovertebral ligaments to violence perpendi­
cular to the body has, however, not been studied. It was there­
fore considered desirable to investigate whether and to what
extent such traumata play an etiologic role in dislocation of
the atlas.

THEORETICAL BASIS OF THE INVESTIGATION

The investigation of the strength of the craniovertehral liga­
ments was based on postmortem examinations after fatal acci­
dents in which either the head or the trunk had been exposed
to massive force with consequent momentary change in its
state of movement.

This change in state of movement can be brought about by
(he head or the trunk being abruptly stopped, deceleration,
retardation or negative acceleration, or by the head or the
tru nk being momentarily brought into motion, positive accele-
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ration. In both cases the connection between the head and the
trunk is exposed to a strain. The resulting force per unit of
mass or weight, i. e. the acceleration (a), can advantageously
be expressed in multiples of acceleration due to gravity (G). It
is directly proportional to the square of the rate of change in
velocity and inversely proportional to the acceleration distance,
i. e. length of braking or starting distance, according to the
formula:

F V 2
2-V

1
2

-=a=---
m 2·[

where F is the constant force which changes the velocity (v)
of a weight with a mass ill from VI to V 2 along the distance I;

the sign of F designates the type of acceleration. (In the for­
mula both the rate of change in velocity and the acceleration
distance may be infinitesimal, as on application of a sudden
pull to a string fastened to a heavy weight with consequent
rupture of the string. The formula holds as long as its quotient
is finite).

If the distance of acceleration (1) is measured in metres and
the speed in metres/sec. the acceleration will be expressed in
mlsec". To obtain this in multiples of G, the value found must
be divided by 10 (approximately).

If we imagine a person standing still (VI = 0) who is run
into by a heavy vehicle and suppose that the force hits the
trunk up to the level of the upper thoracic vertebra the neck
will try to give the relatively heavy head the same speed as
the rest of the body (V2 = v). Even if a certain yieldability
of the body must be supposed owing to some longitudinal
yieldability of the cervical spine and to the yieldahility of the
trunk to force, starting distances as small as 5--20 em are
possible. A plane force against the back must imply a minimal
acceleration distance, a similar force from in front or from
the side of the chest must imply some elongation of the accele­
ration distance because of the yieldability of the wall of the
chest.

In assessment of the force which under such circumstances
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is applied to the connection between the head or the neck,
we may use the following example:

v = 36 km/hour = 10m/sec,
1=0.1 m,

then a is 50 G, which implies a force of 50 kg per kilo of the
weight of the head.

Reduction of the accleration distance by 50 per cent implies
in accordance with what was said above a doubling of the
effect of acceleration and a doubling of the same distance a
50 per cent reduction in the effect of acceleration which would
then he on 0,05; 0,10 and 0,20 metres acceleration distance
respectively 100, 50 and 25 G.

A doubling of the change in speed produces the fourfold
increase on the effect of acceleration which at 72 krn/hour,
i, c. 20 m/sec, under otherwise similar conditions would be
400, 200 and 100 G, respectively.

2·[
This force is exerted during a short period t =- which

v

with an acceleration from 0-10 m/sec implies 0,01; 0,02 and
0,04 sec respectively and with an acceleration from 0-20
m/sec 0,005; 0,01 and 0,02 seconds, respectively, at 0,05; 0,10
and 0,20 meters acceleration distance.

It should, however, be observed that the acceleration cannot
he supposed to be constant, for which reason the figures given
for the effect of acceleration are only a mean. The maximal
value is thus larger during a shorter period.

In traffic accidents of the above mentioned type there are
thus wide possibilities of the craniovertebral ligaments being
exposed to severe strain. The direction of such strain will vary
with posture and direction of the blow. This must be borne
in mind in an investigation of the possibilities of the ligaments
heing ruptured by certain directions of strain.

MATERIAL

In these examinations the Director of the Department of
Forensic Medicine in Lund was kind enough to place material
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at my disposal. This material was considered particularly
suitable because examinations after such accidents are carried
out not only to determine the cause of death but also to assist
in reconstruction of the accident.

During the period October 1953 to January 1955 cranio­
vertebral joint preparations from accidents of the above men­
tioned type, 'altogether 5 cases, were placed at my disposal for
further study (Cases 24-28 in Table VII), which, however,
revealed no damage not noted in the protocols,

In addition a number of protocols from earlier postmortem
examinations of the same type were analysed,

Examination of the material offered details of interest and
was therefore considered to merit an account. The material
available consisted of 12 cases from the years 1933-1943 and
11 from the years 1950-1953 plus the 5 mentioned above,

RESULTS

The 28 cases studied are accounted for in Table VII. Only
injuries due to acceleration violence are considered, The most
important types of injuries may be summarized as follows:
L Skull fracture (ring fracture around the occipital for­

amen; see Fig. 30) .. ", ... , .... , ..... ".", .. ,,'.. 5
2. Occipital condyle fracture, bilateral . . . . . . . . . . . . . . . . .. 2

3. Occipital condyle fracture, unilateral, and rupture of the
alar ligament on the other side . . . . . . . . . . . . . . . . . . . . .. ')

4. Fracture of the attachment of the alar ligaments on the
dens . . , , .. , , , , , , , . , , . . . .. 1

5. Fracture of the dens :3
6. Cervical vertebral fracture or rupture of the interverte­

bral discs (C3-Th1 ) • , •••••••••••••••.••••••••••. " 15
In 28 cases of trauma in which the ligaments of the cranio­

vertebral joints were exposed to acceleration violence, the cra­
nium or the cervical spine had been fractured.

In 15 of these cases fractures of the vertebral bodies or
ruptures of intervertebral discs were the only acceleration
injuries noted (under 6 above).
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Fig. 30.

In the remaining 13 cases (1-5 above) the indirect violence
resulted in fractures of the cranium or the dens (see Fig. 30).
In 2 of these cases (under 3 above) a combination was seen
of occipital condyle fracture on one side and rupture of the
alar ligament on the other.

In no cases had the ligaments ruptured in the absence of
skeletal injury.

DISCUSSION

If the craniovertebral ligaments were, as is widely believed,
a locus minoris resistentiae, rupture of the craniovertebral
ligaments should be a common cause of death in traffic acci­
dents, and consequently well known in forensic medicine. But
this is not so: on the contrary some specialists in forensic medi­
cine and pathologists appear to be of the opinion that these
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ligaments normally are so strong that dislocation of the atlas
cannot occur unless the atlas or the dens is fractured (ORFILA,

GREIG). Avulsion fractures in the region of the craniovertebral
joints have been described (HJ. SJijyALL 1943) but it appears
that no investigations have been made with the intention to
elucidate the strength of the craniovertebral ligaments on
exposure to violence in directions other than longitudinal.

Acceleration violence usually occurs while the subject is
upright, standing or walking or sitting. The violence is then
usually horizontal, i. e. perpendicular to the spine. An investi­
gation of the craniovertebral ligaments of subjects who had
died from acceleration injuries in the region of the cranio­
vertebral ligaments was therefore considered desirable as a
supplement to those earlier investigations of the effect of vio­
lent extension only (WOOD-JONES).

Preparations from 5 cases (Nos. 24--28 in the Table VB)
were studied. In none was atlas dislocation seen, in none was
the transverse ligament ruptured, nor was any rupture of the
craniovertebral ligaments seen in the absence of fractures.

In an attempt to find a wider basis for any subsequent con­
clusions, a further 23 protocols from autopsies in wich death
had been due to acceleration injuries were analysed. Although
the pathologist had not been directly on the watch for ruptures
of the craniovertebral ligaments, it is doubtful whether any
such ruptures were missed, because blood in the tissues in the
region of the foramen occipitaIe magnum or dislocations of
the craniovertebral joints would most likely have revealed them
on examination of the injuries mentioned above. If this was
not the case there is, however, enough reason to summarize the
recorded injuries since they are in themselves informative.
Their occurrence requires either a counter-pull on the part of
the craniovertebral ligaments, e. g. when a violence against the
trunk gives rise to a cervical vertebral fracture, or a trans­
mission of the force via the craniovertebral ligaments, e. g.

when a violence against the trunk gives rise to a fracture of
the cranium. In both cases the craniovertebral ligaments mani­
fest a strength exceeding the force producing the injury.
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Since ruptured ligaments were 'seen only in the presence of
fractures, it may be assumed that the ruptures were secondary
to the fractures and due to a consequent pull in a direction
deviating from the normal longitudinal direction of the fibres.

Cranial fractures are of particular interest since the sequence
of events is probably analogous with that of longitudinal frac­
tures of the base of the skull as described in subauricular
hanging (WOOD-JONES).

It was also of interest to note that cranial fractures of ana­
logous type can occur following a blow against the chin (Case
2.3) or against the trunk (Cases 14, 20, 21, and 25).

The observations made in this investigations confirm the
opinion expressed by GREIG that the craniovertebral ligaments
do not rupture under otherwise normal conditions.

The investigation also confirmed that the craniovertebral
ligaments tolerate a violence sufficient to fracture the base of
the skull (WOOD-JoNES).

The investigation also supplemented WOOD-JONES obser­
vations in that it was shown that such injury can result from
violence other than extension.



Chapter VI

PERSONAL CASES

Case 1. - The patient was a girl, aged 4 (born 4 April
1949). She had hitherto felt well. No trauma was known.

One day in May 1952, the girl was then 3 years old, she
accompanied her parents on a boat trip. Nothing remarkable
happened that day.

The following day the parents noticed that the gird held
her head somewhat to the right, she had pain on the left side
of the neck and did not want to run or walk quickly. She had
no pain elsewhere, no cough or cold and her temperature was
normal.

On medical examination 14 days later the tonsils were found
to be enlarged.

Since neck-stiffness and pain persisted the girl was reexa­
mined repeatedly and a presumptive diagnosis of arthritis of
the suboccipital joints was made. In July 1952 chronic uveitis
supervened.

From June 1952 until March 1953 the craniovertebral region
was examined roentgenographically on nine occasions at three
hospitals. On no occasion were any signs of a pathologic con­
dition observed.

On otologic consultation a slight forward projection of the
posterior pharyngeal wall had been observed. The cause of
this was apparently not investigated.

A picture of rheumatic polyarthritis gradually developed.
The patient was then referred to the Department of Rheumato­
logy, University Hospital, Lund, whence she was referred in
March 1953 to the Orthopedic Outpatient Department for
investigation because of the painful malposition of the head.

On examination the patient was found to have torticollis
with the head turned to the left and tilted to the right and
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Fig. 31.

antef'lected. She walked carefully as if she were trying to
halance her head. She supported her head with both hands
on change of posture. Muscle contraction and pronounced ten­
derness in the upper dorsal region of the neck were noted.
Roentgen examination now revealed considerable dislocation
of the atlas (Fig. 31).

The patient was treated with traction and immohilisation
until February 1954. She then felt well. The position of the
head was still slightly abnormal. The range of turning the head
to the right was markedly decreased and the atlas was still
somewhat dislocated (Figs. 32 A-B).

Exacerbations of the rheumatic disease had resulted in total
stiffness of the entire cervical spine when seen at examination
in A.ugust 1955.

Case 2. - The patient was a girl aged 8 (born 5 Septem­
her 1944).

She had had polyarthritis since December 1950 and had
heen cared for in various hospitals since September 1951.

One of the first days in June 1952 she got a torticollis. On
attempt to correct the displacement, the patient cried and
complained of pains in the neck.

Roentgen examination of the cervical spine in June and
August 1952 revealed nothing of interest.
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Fig. 32.

Case 1-4 were published earlier (Werne, S.: Spontaneous Atlas Dis­
location. Acta Orth. Scand, 25: 32-43, 1955).



Fig. 33.
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Fig. 34.

In March 1953 the patient was transferred to another hospi­
tal and at that time her neck was giving her no trouble except
that she was afraid to turn it sharply.

In March 1954 the patient was referred to the Orthopedic
Department, Lund, for treatment of flexion contractures in
both knee-joints and on examination there, dislocation of the
atlas was discovered. Turning of the head to the right was
markedly limited, but she had no other complains from the
cervical region.

Examination revealed slight torticollis with the head turned
to the left and tilted to the right (Fig. 33 A). She was only able

8-Werne
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Fig. 36.

to turn the head slightly to the right (Fig. 33 B) but she could
turn the head to the left to an almost normal extent (Fig. 33 C).

Roentgen examination showed dislocation of the atlas for­
wards (Figs. 34 A--B). Two months traction treatment failed
to produce any demonstrable effect.

Case 3. -- The patient was a girl aged 13 (born 1 May
1941). She had had polyarthritis since the age of 1 year. Slight
tilting of the head had first been observed 1949 or 1950.

Her only persistent complaint was the displacement of the
head and her inability to turn her head to the right.

On examination in April 1954 the child was found to have
a mild torticollis with the head turned to the left and tilted to
the right (Fig. 35 A). Turning the head to the right was mar­
kedly limited (Fig. 35 B).

Roentgen examination showed dislocation of the atlas for­
wards (Fig. 36).

Case 4. ---=- The patient was a girl aged 11 (born 7 Novem­
ber 1942).
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Fig. 317.

She had had polyarthritis since the age of 5 years. Since
195:3 she had found it difficult to turn the head to full extent.
Apart from decreased range of turning of the head to the right
she had no complaints.

Roentgen examination in April 1954 revealed moderate decal­
cification of the cervical vertebrae and an osseous ankylosis
between the 2nd, 3rd, and 4th cervical vertebrae.
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Fig. 38.

On examination in July 1954 the girl was found to have torti­
collis with the head turned to the right and tilted to the left.

Roentgen examination showed the left lateral condyle of the
atlas dislocated forwards (Figs. 37 A-B).

Case 5. - The patient was a girl aged 9 (born 8 August
1946).

She had had a unilateral gonitis from June 1951 until January
1952. She was then cared for in the Orthopedic Department,
Lund, and microscopic examination of a biopsy specimen OJ]

10 December 1951 showed non-specific chronic arthritis.
She then felt well until the spring of 1955. In March or

April the parents noticed that the girl held the head slightly
tilted to the left.

On examination at the Orthopedic Outpatient Department
on 6 July 1955 torticollis was observed without affection of
the sternocleidomastoid musculature and without facial asym­
metry. Roentgen examination showed no signs of a pathologic
condition (Fig. 38).

Since no improvement was observed during the following
14 days the patient was referred to the Orthopedic Clinic for
investigation. Ophthalmologic, otologic and neurologic con-
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Fig. 40.

sultation revealed nothing of interest. On 22 July 1H55 the
patient still had typical torticollis with the head turned to the
right and tilted to the left (Fig. 39 A). Range of movement
of the head to the right was not limited (Fig. 39 B), but she
could only turn the head to a certain extent to the left (Fig.
39 C). The external protuberance of the occipital bone was dis­
placed to the left relative to a line between the spinal processes
of the cervical vertebrae: a dislocation of the atlas was there­
fore presumed. Since roentgen examination had hitherto failed
to show any signs of a pathologic condition, radiographs were
now taken in axial projection. These axial radiographs revealed
a lateral displacement of the odontoid process in the atlas
ring (Fig. 40).

The patient was treated with traction in Glisson's sling and
examination 10 days later showed that the torticollis had dis­
appeared, the external protuberance of the occipital bone was
now in norma~ position and the patient was now able to turn
the head almost to a normal extent (Figs. 41 A-C). Roentgeno-
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Fig. 42.

graphy showed that the odontoid process was now in a nor­
mal position in the atlas ring (Fig. 42).

The patient was then discharged but returned one month
later to the Orthopedic Outpatient Department where the father
reported that torticollis. had recurred on a couple of occasions
but disappeared again spontaneously. Examination revealed no
torticollis, and range of movement of the head appeared to be
normal. The patient was, however, treated with craniothoracal
plaster. On removal of the plaster after 8 weeks, however, the
patient had torticollis of the same type as before, which had
apparently developed while the neck had been immobilised
in plaster.

During the following 14 days the torticollis gradually dis­
appeared spontaneously and when seen again 1 month after
removal of the plaster in December 1955 the only pathologic
finding was a slight limitation of left rotation of the cervical
spine.

Follow-up .examination on 24 July 1956 showed no further
changes. Roentgen examination now showed a persistent slight
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lateral displacement of the odontoid process in the ring of the
atlas.

Case 6. - The patient was a man aged 39 (born 20 Novem­
ber 1916).

He had angina in October 1955. He had on that occasion a
stabbing pain in the back of the neck to which he had, how­
ever, attached no importance. Since then, however, the cervi­
cal spine had been lender.

About Christmas-time 1955 the patient had another attack
of angina. Now pain in the back of the neck was more severe
than before. He consulted a general practitioner. The neck
pain, however, persisted and occasionally he had paresthesiae
in both arms.

On examination at the Orthopedic Outpatient Department
on 6 March 1956 he was found to have slight torticollis with­
out affection of the sternocleidomastoid musculature. The right
paravertebral musculature of the neck was contracted bridging
the cervical lordosis in such a way as to convey the impression
that the muscles of the left of the neck were missing. The
external protuberance of the occipital bone was displaced to
the left of the spinal process of the epistropheus. Reflexes were
normal and no pareses were demonstrable.

Roentgen examination: frontal and lateral radiographs gave
no information of interest. Axial radiographs, however, showed
a lateral displacement of the dens in the atlas ring (Fig. 43 B).

The patient definitely refused hospital treatment and immo­
bilisation in plaster and was therefore treated with a padded
bandage which was renewed every third week from 6 March
1956 until 5 June 1956. Already within 3 weeks the patient
reported that he felt better in that the paresthesiae had dis­
appeared as well as a feeling of looseness of the head. He had
noticed that the paresthesiae tended to return during sleep.
When he noticed such paresthesiae he had let the back of his
head hang over the end of the bedstead and thus curtailed the
symptoms, since he was aware of the fact that immobilisation
with a padded bandage was by no means perfect and since he
was informed about the mechanics of the dislocation.
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Fig. 44.

On 5 July 1956, when the patient returned to work he felt
well. Range of mobility of the cervical vertebrae appeared to
he normal. Palpation revealed no displacement and the patient
showed no signs of muscle contracture. The region of the
neck was of normal outline. Roentgen examination, however,
revealed a slight lateral displacement of the odontoid process
of the epistropheus in the atlas ring.
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Case 7. - The patient was a boy aged 10 (born 29 April
1946) .

He had had a cold for about a week, when while playing
another boy gripped his head. He reported that this had caused
no pain.

During the following lesson the back of the neck began to
be painful. When he returned home after school he told his
parents what had happened. The following day the pain
increased and the parents noticed that the boy held the head
tilted. Two days later on 14 April 1956, he was examined at
the Orthopedic Outpatient Department in Lund where torti­
collis was observed with the head turned to the right and tilted
to the left. The muscles on the right side were slightly tender.
The external protuberance of the occipital bone was palpated
2-3 em to the left of a line between the cervical spinal pro­
cesses.
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Roentgen examination verified the diagnosis as a dislocation
of the atlas forwards (Fig. 44).

He received traction treatment for 3 weeks and then a cranio­
thoracal plaster for a further six weeks. Roentgen examination
afterwards showed no change in the dislocation.

He was then treated with immobilisation for a further 2
months.

When discharged on 10 July 1956 range of movement of the
head was not limited, the head was no longer tilted and the
patient felt well. However, roentgen examination showed no
change in the dislocation.



DISCUSSION

ETIOLOGY AND PATHOGENESIS OF DISLOCATION

OF THE ATLAS

Of the 7 cases of spontaneous dislocation of the atlas
4 could be dated to chronic polyarthritis (Nos. 1, 2, 3, and
4) and 2 to acute rhinopharyngitis (Nos. 6 and 7). This is in
good agreement with JACOBS and COUTTS, who stated that
chronic polyarthritis is a common cause of dislocation of the
atlas and with GRISEL and WATSON-JONES who claimed that
atlas dislocation often occurs in association with acute rhino­
pharyngitis. In one of the cases (No.5) in which the parents
did not seek medical advice until 3 months after the disloca­
tion, they could not remember any previous or simultaneous
disease. Three years earlier this patient had been treated for
monarthritis, which was classified histo-pathologically as chro­
nic non-specific arthritis. The possibility cannot be excluded
that a similar disease had now affected the occipito-atlo-axoid
joints. This assumption is strengthened by comparison with
case 1 in which the initial symptom of a chronic polyarthritis
was a dislocation of the atlas.

In case No. 7 the patient had had rhinopharyngitis for a
week when he sustained a trauma while playing. Neck pain
occurred during the subsequent hour and was soon followed by
torticollis, which on examination 2 days later was found to be
due to dislocation of the atlas.

The examinations described in chapter V, however, appear
to support GREIG's conception that normally the occipito-atlo­
axoid ligaments do not rupture on exposure to violence. This
does not, however, exclude the possihility of trauma being a
contributory. causal factor. The term traumatic dislocation of
the atlas, however, should not be applied to describe atlas dis-
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location not combined with fracture of the odontoid process
of the epistropheus and/or atlas. Whether spontaneous atlas
dislocation without fracture be referred to as spontaneous dis­
location of the atlas or simply as dislocation of the atlas is
immaterial provided it is realised that such a dislocation will
never occur unless the transverse ligament is weakened.

Three theories have been advanced to explain the pathoge­
nesis of spontaneous dislocation of the atlas (WITTEK, GRISEL,
and GREIG).

An objection that may be raised against "VITTEK'S distension
theory is that those parts of the capsule of the dorsal odontoid
joint that are not covered by the transverse ligament consist
of thin synovial membranes and therefore it is hardly possible
to imagine an intraarticular pressure sufficient to produce
distension of the strong transverse ligament.

For several reasons, including those given by GREIG, GRISEL'S
enucleation theory can hardly be valid. At any rate there can
he no question of enucleating, since no change occurs in the
relation between the base of the skull and the atlas.

GREIG'S theory according to which dislocation of the atlas
is due to hyperaemic decalcification of the osseous attachments
of the transverse ligament appears at first glance to be an
acceptable explanation provided that dislocation of the atlas,
as stated by BELL, GREiG, and WATSON-JONES, is possible by
insufficiency of the transverse ligament only. That an atlas
dislocation can occur in insufficiency of the transverse liga­
ment has been shown in the present investigation (pp. 60-62).
Decalcification of the osseous attachments of the transverse
ligament must, however, require a certain time and be so severe
as to be roentgenologically demonstrable. But such decalci­
fication is often not demonstrable in cases of spontaneous dis­
location of the atlas (DELGOFFE).

Even if GREIG'S statement be accepted that a roentgenologi­
cally demonstrable decalcification occurs within one week of
an operation on a two month old fracture of the radius and
even if it be assumed that decalcification not roentgenologically
demonstrable had not occurred before then, there still remains
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in BOEVER & HENNEBERT'S material 13 cases in which disloca­
tion of the atlas occurred within one week of onset of a pre­
disposing disease and cases are on record in which the disloca­
tion occurred within one day of the onset (GRISEL, WATSON­
JONES, SUI"LIVAN). In the cases described in the present mate­
rial and in which the patients were examined roentgenographi­
cally soon after the dislocation had occurred (Nos. 1, 2, 5, 6,
and 7) no decalcification was roentgenographically demon­
strated.

It appears that as yet dislocation of the atlas can only be
explained by the assumption of pre-disposing pathologic weak­
ness of the transverse ligament. It is probable that various
kinds of pathologic processes in the transverse ligament of its
osseous attachments can favour spontaneous dislocation of the
atlas. GREIG's theory therefore covers only part of the pathoge­
nesis. Only histopathologic examinations of the transverse liga­
ment and bone substance from the osseous attachments can
clear up this point. In the present material none of the cases
were fatal and therefore it was not possible to carry out any
pathologic investigation.

MECHANISM OF DISLOCATION OF THE ATLAS

As mentioned earlier (page 90) some authors have classified
dislocation of the atlas into different clinical types usually
unilateral dislocation forwards, unilateral dislocation back­
wards, and bilateral dislocation forwards.

According to this classification, cases 1, 2, 3, 4, and 7 can
be classified as unilateral dislocations forwards, while the
remaining 2 cases (Nos. 5 and 6) showed no pathologic diastasis
in the anterior odontoid joint and therefore should be classi­
fied as unilateral dislocations backwards.

A search of the literature failed to reveal any description
of the mechanics of the types ·of atlas dislocation or any
description of the occipito-atlo-axoid joints sufficient to throw
light on the disturbance involved in dislocation of the atlas.

9- Werne



If conceptions of the types of dislocation are based on the
works of MALGAIGNE, they appear to be founded on postmor­
tem findings in earlier diagnosed cases of dislocation of the
atlas. Here it might be objected that muscle tone ceases at death
and the relation between the atlas and the epistropheus are
then determined by external factors such as the position in
which the head is supported etc. Therefore postmortem exami­
nations of these joints permit no conclusions as to their position
Ul VIVO.

As shown earlier, the transverse ligament will not become
totally insufficient unless it is entirely ruptured or weakened
in its entire transverse section ipp. 60--62).

If this occurs the intervertebral joint surfaces of the atlas
balance upon the convex joint surfaces of the axis. The odon­
toid process prevents dislocation backwards and the unaviod­
able consequence will be a dislocation forwards. The atlas
glides over the anterior, forwardly declining epistrppheal joint
surfaces because of the absence of any ligamentary, musculary,
skeletal or joint capsular support able to prevent such a move­
ment, until the alar ligaments become taut and prevent further
movement (Fig. 45 B).

Turning of the cranium from this starting position, e. g. to
the left, implies that the right alar ligament will immediately
wind around the odontoid process of the epistropheus and
tighten up. The pull exerted by the alar ligaments first pro­
duces a sideward bending to the right in the occipito-atloid
joint and secondly a translation of the atlas to the left in the
atlo-axoid joints. If the translation of the atlas be ignored, the
left condyle of the axis will on rotation describe a movement
closely resembling that occurring on normal rotation of the
atlo-axoid joint to the left. According to the degree of the pri­
mary dislocation forwards and the degree of rotation, the left
condyle of the atlas will occupy a position before, in, or behind
the normal midposition of the condyle, i. e., anteriorly, directly
over or dorsally in relation to the corresponding parts of the
articular surface of the epistropheus. Figs. 46 E, F, and G illu­
strates the role played by the degree of dislocation forwards,
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Fig. 45.
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A. Illustrates normal midposition in the atlo-axoid joints. The silk threads

illustrate varying slackness of the alar ligaments.

B. Illustrates primary bilateral atlas dislocation forwards. The lateral

masses of the atlas are shifted forwards over the joint surfaces of

epistropheus (white).

C. Illustrates torticollis positions on rotation to the left. The right alar

ligament winds up around the dens (black).



•••• A. Diagram of epistropheus, represented by the
surface of the intervertebral joints and by a
section through the collum dentis.

B. Diagram of atlas, represented by the anterior
arch of the atlas and by the surfaces of the
intervertebral joints.

C. Diagram of topography of the atlas and the
epistropheus in midposition. The surfaces of
the intervertebral joints cover each other.

D. Diagram of a .normal rotational position be­
tween the atlas and the epistropheus.

E. Diagram of so-called unilateral, left-sided
dislocation backwards.

F. Diagram of so-called unilateral, right-sided
dislocation forwards.

G. Diagram of so-called bilateral dislocation
forwards.

Fig. 46.

Illustration of the role played by the dislocation forwards in the develop­
ment of the so-called types of dislocation (E-G).



A. Diagram of relationship between the atlas
and the epistropheus in midposition. The
intervertebral joint surfaces cover each other.

B. Diagram of the primary phase of dislocation,
so-called bilateral dislocation forwards.

C. Diagram of the dislocation on moderate rota­
tion, so-called bilateral dislocation forwards.

D. Diagram of the dislocation on further rota­
tion, so-called unilateral dislocation forwards.

E. Diagram of the dislocation on still further
rotation, so-called unilateral dislocation for­
wards with contralateral dislocation back­
wards.

Fig. '17.

Illustrating the role played by the rotation in the development of the
so-called types of dislocation (C-E).

Figs. 47 C, D, and E,the role played by the degree of rotation
in the development of different types of dislocation.

If the primary dislocation forward is slight or moderate, it
is possible for the alar ligaments to exert their inhibitary action
on rotation by an ordinary or practically normal rotatory posi­
tion of the atlas upon the axis. The possibility must therefore
be considered that a dislocation thus can be reduced to a nor­
mal or practically normal rotatory joint position (Figs. 46 D
and. 45 C, 1)" But fixation in the annulus osteofibrosis has
ceased owing" to the insufficiency of the transverse ligament.
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The pull exerted by the alar ligaments on turning of the head
can therefore produce a lateral displacement of the atlas
whereby the backwardly rotating condyle of the atlas in rela­
tion to the forwardly rotating condyle will have a larger radius
of movement and thereby perform larger excursions. A so
called unilateral dislocation of the atlas backwards thereby
occurs (Fig. 46 E).

If the primary dislocation of the atlas is pronounced, com­
plete reposition or reduction of dislocation forwards cannot be
expected on turning of the head (Figs. 45,2-3). The necessary
shortening of one of the alar ligaments would require too
extensive a turning of the head to be possible. Such a turning
of the head would also imply that one of the alar ligaments
would again be slackened with resultant instability of the head
since the checking effect is eliminated. Figs. 45 C, 2-3 show two
positions of rotation to the left. In both cases they show maxi­
mal rotation at which he rein effect can be maintained by the
alar ligaments represented in the figure by the strings. Further
left rotation of the occipito-atloid unit represented by the plas­
tic ring would result in slackening of the left alar ligament
whereby the occipita-atloid unit would become instable. In
pronounced primary dislocation of the atlas forwards, then,
only partial reposition of the dislocation forwards can be expec­
ted on turning of the head and the final rotational position must
reasonably lie within the limits of the maximal rotational posi­
tion allowing the alar ligaments to maintain their checking
effect. In these cases the result will be one of the types of dis­
location illustrated in Figs. 46 E-G or 47 C-E.

In primary atlas dislocation forwards the odontoid process of
the epistropheus encroaches upon the spinal canal. If the patient
survives, primary dislocation forwards it is very probable that
this dislocation will elicit a protective reflex with consequent
torticollis because cranial rotation completely or partly reduces
the dislocation forwards.

In those cases in which dislocation forwards completely
disappears a certain lateral displacement of the atlas must be
expected but it may be so slight as not to be demonstrable.
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There are three explanations for the final torticollis position:
1) On small primary dislocation forwards the position might

not be distinguished from normal rotation.
2) If the dislocation forwards is more severe, a corresponding

higher degree of cranial rotation will be necessary before ten­
sion arises in the two alar ligaments. Lateral displacement of
the atlas will be more pronounced and the alar ligaments will
therefore retain a certain functional increase in length. The
accompanying movement of the epistropheus will thereby be
delayed which will manifest itself clinically by palpatory over­
rotation of the cranium and atlas in relation to the spinal pro­
cess of the epistropheus.

3) In those cases in which dislocation forwards persists the
alar ligaments have not recovered their normal function, i. e.
inhibition of rotation. The accompanying movement of the
epistropheus is then absent and manifests itself by an over­
rotation of the cranium and the atlas in relation to the epistro­
pheal spinal process.

We thus have two main clinical alternatives:
1) Cases in which primary dislocation forwards has been

reduced, which can be diagnosed by palpable over-rotation of
the cranium and atlas in relation to the epistropheus. Roent­
genologically only rotation in the atlo-axoid joints will be
demonstrable with certainty. A lateral displacement of the
dens in the atlas ring should be judged with great caution
(see below).

2) Cases with persistent dislocation [ortuards, which can
be diagnosed by palpation or by roentgenographically demon­
strable dislocation forwards of the atlas and palpable over­
rotation of the cranium in relation to the epistropheus.

In view of the observations made in the present investiga­
tion (p. 133), however, there appears to be reason to suspect
the existence of a third alternative, namely that among those
cases of acquired torticollis without demonstrable overrotation
of the cranium in relation to the epistropheus there are a num­
ber of cases 110t diagnosed and which represent those in which
the primary dislocation forwards was reduced or practically



reduced with resultant normal type of rotation in the atlo-axoid
joints.

It is thus apparent from the foregoing that there is no reason
to distinguish different clinical types of dislocation on the basis
of the position of the surfaces of the intervertebral joints. The
underlying mechanism is probably one and the same through­
out namely a primary bilateral dislocation forwards and a
secondary rotation from this position.

ROENTGENAPPEARANCE OF DISLOCATION OF THE ATLAS

If the distance between the odontoid process of the epistro­
pheus and the anterior arch of the atlas is abnormally large
in roentgenograms a diagnosis of dislocation of the atlas is
ohvious.

On the basis of roentgen examinations of 50 adults and 20
children the upper limit of the normal minimal distance
between the anterior arch of the atlas and the odontoid pl'O­
cess of the epistropheus is given by JACKSON (1950), as 2.5
mm for adults and 3 mm for children. He claims, however, on
the basis of a simultaneously published case that this limit for
children chould be set bigher, 4.5 mmin his case. However, the
possibility cannot be excluded that in this case the increased
distance was due to an earlier dislocation of the atlas (see
p. 144).

In dislocation of the atlas frontal radiographs (sagittal pro­
jection) will usually show a decrease in hight of the interverte­
bral joint space between the epistropheus and the atlas and the
side dislocated or no joint space at all owing to superimposi­
tion.

DELGOFFE (1934) showed that normal voluntary assumption
of a position of torticollis will give the same type of roentgeno-
gram.

Superimposition can, however, occur on lateroflexion (Fig.
28) as well as on rotation (Fig. 29) in the craniovertebral
joints. It was shown earlier that these movements are inter­
dependent (p. 47). Tbe reason for this superimposition is that
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Fig. 48.

on rotation the two atlas condyles will be located on either side
of the convexity of the condyles of the epistropheus.

A beam projecting the intervertebral joints freely on one
side will therefore not show joint space or if so a reduced joint
space on the other side and vice versa, a and b, respectively
in Fig. 48.

Superimposition of either intervertebral joint between the
atlas and the epistropheus in frontal roentgenograms will thus
only show the existence of a rotational position between the
atlas and the epistropheus.

In acute cases with painful contracture of the neck muscles
it will be difficult to include axial radiograms in the roentgen
examination. In addition high demands must be placed on the
roentgenologist that the axial roentgenograms of the odontoid
process of the epistropheus really are axial because only obli­
qu~ness would prevent evaluation of position of the odontoid
process in the atlas ring. In addition, on turning of the head,



Ihe atlas and/or epistropheus probably move in varying planes.
Rotation between these two vertebrae can thus make it im­
possible to obtain axial radiograms of both vertebrae in one
and the same radiograph. Small lateral displacements can
therefore not be judged in such roentgenograms.

Some investigators (BOEVER & HENNEBERT, JOSTES, KOT­
SCHER) claim that tomographic assessment of the height of the
intervertebral atlo-axoid joint spaces should be resorted to in
order to decide whether it is reduced in some layer or other.
On rotation in the atlo-axoid joints, however, no landmarks
are available for reference. If tomographic examination shows
a pathologic reduction of the intervertebral joint space, there
is reason to assume a pathologic condition involving the car­
tilage of the joint, but there is no reason to assume an atlas
dislocation.

DIAGNOSIS OF THE DISLOCATIONS OF THE ATLAS

During the course of 3 years 7 eases of so-called spontaneous
dislocation of the atlas have been seen at the University Hos­
pital, Lund. Earlier only one case was described in this country
under the diagnosis of "cervical spondylarthritis after tonsillec­
torny" (ODELBERG-JOHNsON 1932). This suggests that the
disease was formerly to a certain extent missed.

Of the above-mentioned 7 cases 3 (Nos. 2, 3, and 4) had
existed for 2 or several years and 3 (Nos. 1, 5, and 6) for 3 to
11 months before the diagnosis was made while one case (No.
7) was diagnosed within 1 week.

Delayed diagnosis as in case 1, 5, and 6 is in agreement with
what may be read in the literature despite the fact that the
diagnosis is generally regarded as simple (SWANBERG, SUDECK.
BERKHEISER & SEIDLER, BROOKES, SULLIVAN, BOEVER & HEN­
NEBERT, KOTSCHER). There is thus reason to suppose that a
fair percentage of cases are missed. Therefore in sufficiently
large clientels inveterate cases can surely be traced such as
cases 2, 3, and 4 in the present material.

In acute or subacute cases the patients have torticollis with
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painful contracture of the neck-muscles while the sternoclei­
domastoid musculature is unaffected (WATSON-JONES). In the
inveterate cases 2, 3, and 4 above persistant limitation of the
range of turning the head was the only sequela.

As stressed earlier, the primary forward dislocation of the
atlas can be spontaneously more or less reduced by the posi­
tion of torticollis. In such cases in which the position of re­
duction agrees with a normal rotational position in the atlo­
axoid joints it will not be possible to confirm the diagnosis by
palpation or roentgen examination. In those cases in which
reposition of the primary forward dislocation occurred by a
somewhat increased rotation in the atlo-axoid joint such as in
cases 5 and 6 above the dislocation is demonstrable in that
spinal process of the epistropheus as in other demonstrable
variations of the dislocation of the atlas - is displaced in
relation to the external occipital protuberance in the same
direction as the chin. In the evaluation of the above-mentioned
finding possibility of anatomical variations must of course be
recollected.

TREATMENT OF DISLOCATION OF THE ATLAS

Reposition under anesthesia and immobilisation in cranio­
thoracal plaster has been suggested by WATSON-JONES. If
plaster is to be understood as true immobilisation in reduced
position the question of the effectivity of the fixation is related
to the question of an effective fixation of the cranium and
atlas on one hand and the epistropheus on the other. Only on
maximal backward bending of the entire cervical spine will it
be possible to immobilise the epistropheus. This would mean
that the patient would not be able to see where he is walking:
nor would he be able to eat in a normal way: therefore fixa­
tion of the epistropheus must be regarded as ineffective. It is,
however, possible that such a plaster bandage would facili­
tate muscular immobilisation of the epistropheus and thereby
favour healing.

SULLIVAN considered a reposition under anesthesia as too
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risky in inexperienced hands and therefore suggested reposi­
tion by traction. Under anesthesia there is, it is true, a risk of
dislocation resuming its primary forward type with the neu­
rologic consequences such dislocation might involve. In the
first part of this investigation the membrana tectoria has been
shown to inhibit longitudinal translation (p. 60). Therefore,
it is this ligament that is influenced by longitudinal traction.
In relation to the longitudinal axis this ligament is oblique with
its dorsocaudal origin on the epistropheus and cranioventral
attachment on the cranium. On longitudinal traction the liga­
ment will tend to assume a longitudinal course whereby the
dislocation forwards of the cranium can be reduced. The posi­
tion of the cranium during longitudinal traction is probably
irrelevant. The effect of reposition can, however, probably be
increased by applying traction somewhat dorsally. In the posi­
tion suggested by SULLIVAN with dorsal flexion of the head
there is a risk of traction being somewhat in ventral direction
and thereby fail to reduce the dislocation. It therefore appears
better to perform traction with a slight forward bend of the
cervical spine such as may be produced by placing a round
pad under the back of the neck whereby it is possible to secure
somewhat dorsally directed traction.

Three of the 7 cases of spontaneous atlas dislocation de­
scribed had occurred two or several years earlier during the
course of polyarthritis and may therefore be regarded as in­
veterate (cases 2, 3, and 4). One (No.3) of these cases received
traction treatment for 2 months without any demonstrable
effect. Three of the remaining 4 (Nos. 1, 5, and 7) received
traction treatment and were then immobilised in craniothoracic
plaster, while one without demonstrable forward dislocation
(No.6) was treated with a craniothoracic bandage. Apart from
partial persistent dislocations the functional results were good
in all. In 1 case (No.5) the dislocation was no longer demon­
strable clinically or roentgenologically after 8 days' traction
but it recurred during subsequent immobilisation in plaster.
In case No.6 treatment with a bandage in order to immohilise
the cranium in torticollis position was a necessary makeshift.
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Since no dislocation forward was demonstrable recovery might
be expected. Although immobilisation was not satisfactory the
result obtained was equally good as that achieved in treatment
of case No. 5 in which no dislocation forwards was demon­
strable either and which after a short period of traction was
reduced with disappearance of the symptoms after which the
patient was treated with plaster. In both cases symptoms dis­
appeared without any subsequent limitation of mobility. Axial
roentgenograms afterwards, however, suggest a certain per­
sistent lateral displacement of atlas in both cases.

The material is non-informative as to the value of prolonged
traction but in view of the good primary results achieved in
cases 5 and 7 already after short traction and in view of the
fact that traction appears to be the only way in which reduc­
tion can be maintained this procedure will be applied in future
in order to offer the transverse ligament a possibility of healing
in a reduced position.

GROGONO suggested surgical immobilisation of the atlas in
relation to the epistropheus in recurrent atlas dislocation. None
of the cases were operated on in the present material. It is
possible that such an operation or a similar surgical procedure
might be indicated in those cases of chronic joint diseases
where ordinary treatment is followed by recurrences with
serious clinical symptoms, as in the cases described by TITRUD
et al, and MARGULIES et aI. The subsequent limitation of turning
of the head after such an operation, on the average 47°, must
be borne in mind. But this might nevertheless be less incon­
venient than the impossibility to turn the head in one direc­
tion such as in case 2.

PROGNOSIS OF DISLOCATION OF THE ATLAS

Fatal cases of spontaneous atlas dislocation are on record
(BELL, WATSON-JONES, RAMOND, APERT et aI.). Neurologic
symptoms have usually caused the examiners to direct atten­
tion to the possibility of a compression of the medulla oblon­
gata. The possibility of a sudden unexpected death because of
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compression of the medulla oblongata in dislocation of the
atlas should be considered although no such case is on record.

The almost regular reversibility of neurologic symptoms
suggests that this is due to partial or complete reduction of
the forward dislocation on assumption of a torticollis position.
The temporary neurologic symptoms may be regarded as a
consequence of transient pressure against the medulla oblon­
gata.

The end-results of the treated and untreated cases in the
present material agree well with those described by HESS et aI.
and BLUNCK who in an examination of a few earlier diagnosed
cases found persistant dislocation of the atlas forwards and
what they called compensatory cervical scoliosis.

It is striking that all the present -3 inveterate cases were
seen in patients with chronic polyarthritis which seems to sug­
gest that the persistant dislocation is a consequence of arthritic
processes. As far as the non-arthritic cases are concerned it
must be assumed that the affection of the transverse ligament
healed with the vertebrae in the position they have in torti­
collis. Normal articulation of the atlo-axoid joint might not be
recovered, such as in cases with persistant dislocation forward.
Since the functional results achieved in the treated cases with
persistant dislocation were good, there is reason to suppose
that the functional result of untreated cases might be so good
as not to leave behind any striking symptoms.



SUMMARY

Literature studies on so-called spontaneous or non-traumatic
atlas dislocation revealed vague and contradictory data which
required investigation of the anatomy and function of certain
details in the craniovertebral joints, which are accounted for
in Part I of this work.

A search of the literature revealed 205 cases of atlas disloca­
tion in the absence of known fracture of the atlas or the epistro­
pheus. In the literature the distinction between traumatic and
non-traumatic atlas dislocation is diffuse. In the present investi­
gation it was therefore studied to what extent acceleration
force, i. e. mainly horizontal force, can damage the cranioverte­
bral ligaments without skeletal fracture. No such case was
found. The ligaments were found to be of such strength that
they could withstand a force greater than that capable of pro­
ducing a cranial or a cervical vertebral fracture. Trauma in
connection with atlas dislocation without fracture of the atlas
or the epistropheus must therefore be regarded as being of
secondary etiologic importance.

The investigation described in Part I showed that atlas dis­
location is possible only on complete rupture of the transverse
ligament. Thus, partial rupture will not lead to atlas disloca­
tion. If the transverse ligament is ruptured, the extent of the
dislocation is determined by the length of the alar ligaments,
since these ligaments are slack in rnidpositions.

It thus appears that the conception of the underlying mecha­
nism and clinical types of atlas dislocation must be revised.
The development of atlas dislocation is probably uniform, a
primary dislocation forwards, with a secondary torticollis.
For the fina! position of dislocation two main alternatives are
available, with reduced or unreduced primary dislocation for­
wards.
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In the first alternative the dislocation position in some cases
may hardly be distinguished from normal position of rotation
in the atlo-axoid joints. In the other cases as in the latter alter­
native, the spinal process of the epistropheus is displaced late­
rally in relation to the external occipital protuberance. In the
latter alternative there is also a demonstrable pathologic dia­
stasis in the anterior odontoid joint.

Within a period of three years a deliberate search revealed
7 cases of atlas dislocation among the clientele of the Univer­
sity Hospital, Lund.

In the treatment of 3 cases craniothoracic plaster fixation
failed to produce the desired effect. The investigation carried
out in Part I also showed that fixation of the atlo-axoid joints
in insufficiency of the transverse ligament cannot be expected
from such fixation.

In the treatment of atlas dislocations it should be borne in
mind that reposition can only be maintained in longitudinal
extension, by he function of the membrana tectoria.

Despite the fact that the dislocation was not completely
reduced, four of the patients showed a good range of motion,
which suggests that good functional results can be expected
even in untreated cases.

Three inveterate cases with persistent torticollis and impaired
range of movement were, however, seen in patients with polyar­
thritis, which suggests that the persistence of these symptoms
was due to arthritic processes.
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