
of June 23, 2025.
This information is current as

hyperflexion sprain.
Anterior subluxation of the cervical spine:

J D Green, T S Harle and J H Harris, Jr

http://www.ajnr.org/content/2/3/243
1981, 2 (3) 243-250AJNR Am J Neuroradiol 

http://www.ajnr.org/cgi/adclick/?ad=57959&adclick=true&url=https%3A%2F%2Fmrkt.us-marketing.fresenius-kabi.com%2Fanjpdfjune25
http://www.ajnr.org/content/2/3/243


James D. Green 1 
Thomas S . Harle 1.2 

John H. Harris, Jr.1. 2 

Rece ived May 15. 1980; accepted after revi
sion November 18, 1980. 

I Department of Rad iology, Michigan State Uni
versity, East Lansing, MI 48824. 

2 Present address: Department of Radiology, 
University of Texas Medical School, Herman Hos
pital, 6431 Fannin St ., Houston, TX 77030. Ad
dress reprin t requests to J. H . Harris, Jr. 

AJNR 2:243-250, May/ June 1981 
0 195- 6 108 / 8 1/ 0 203- 0243 $00 .00 
© American Roentgen Ray Society 

Anterior Subluxation of the 
Cervical Spine: Hyperflexion 
Sprain 
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Anterior subluxation (hyperflexion sprain) is localized, purely ligamentous disruption 
of the cervical spine caused by a limited flexion force. When associated with a simple 
wedge fraction, also a f lex ion inj ury, anterior subluxation may be the more signi f icant 
lesion. Radiographically, anterior subluxation is characteried by (1) a localized kyphotic 
angulation at the level of injury; (2) anterior rotation , or displacement, of the sublu xed 
vertebra; (3) anterior narrowing and posterior widening of the d isc space; (4) widening 
of the space between the subluxed vertebral body and the subjacent articular masses; 
(5) displacement of the inferior articulating facets of the subluxed vertebra with respect 
to their contiguous subjacent facets ; and (6) widening of the interspinous space 
("fanning" ). The localized kyphotic angulation at the level of ligamentous disruption 
distinguishes pathologic anterior subluxation from diffuse " reversal of the normal 
cervical lordosis" produced by voluntary positioning or muscle spasm. Anterior sublux
ation is clinically significant because of the approximate 20% incidence of delayed 
instability due to impaired ligamentous healing. 

Injuries of the cervical spine are common and of great vari ety . Often they are 
readily detected radiologically as outright fractures and dislocations. However, 
injury may be limited to ligaments, joint capsules, and intervertebral d iscs. The 
radiologic evidence in such cases may be subtle, but significant disability may 
result if these injuries are not recognized . An important injury of dorsal ligaments 
is the hyperflex ion sprain resulting in anterior subluxation . This is a review of the 
radiologic features of the entity with which all physic ians treating cervical trauma 
should be famili ar. 

Normal Anatomy and Physiology 

The cervi cal spine inc ludes two anatomically and physiologically distinct sub
divisions: the cervi cocranium and the lower cervi cal segments; the transition is 
at the C2-C3 level. The cervi cocranium consists of the occ iput, atl as , and the 
axis, while the lower cervi cal spine inc ludes the third th rough seventh vertebrae. 
Because anterior subluxation (hyperflexion sprai n) seldom involves the cervico
cranium , thi s description of normal anatomy and physiology wi ll be limited to the 
lower cervi cal spine. 

Throughout the cervi cal spine, including the cervicocranium, the vertebrae are 
typically aligned in lordosis (fig. 1 A) . In that configuration, an imaginary line 
connecting the anterior cortex of the vertebral bodies and another connecting 
their posterior cortical margin s would consti tute smooth, continuous convex 
curves . However, in about 20% of people, the cervical sp ine may be straight or 
kyphotic in the neutral lateral position and voluntary assumption of the " mili tary " 
(i .e. , chin-on-chest) positi on causes reversal of cervical lordosis in about 70% of 
normal individuals [1]. 

Normally, the distance between the posterior cortex of the vertebral bodies 
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Fig . 1 .-A, Normal adult cervical spine , neutral position . Normal cervical 
lordosis, arlicular masses precisely superimposed, facetal joint surfaces (long 
arrows) parallel, distance belween posterior cortex of vertebral body and 
anterior co rtex of subjacent articular masses (curved arrow) similar at each 
level from C3 Ihrough C7 and does not exceed 3 .5 mm. Interspinous spaces 
are of similar height. B, Flex ion. Cervical lordosis diffusely reversed in smooth 
uninlerrupled fashion, each vertebral body slightly more anteriorly displaced 

and the subjacent articular masses is uniform throughout 
the mid and lower cervical segments and does not exceed 
3 .5 mm [2] except in instances of dislocation or fracture
dislocation. 

The inferior articulating facets of the vertebra above are 
symmetrically and uniformly superimposed on the contig
uous superior articulating facets of the vertebra below. 

The facets constituting a facetal (interfacetal , apophyseal) 
joint are parallel and their posterior margins are superim
posed. 

The posterior cortical margins of the individual articular 
masses are convex, posteriorly . However, an imaginary line 
drawn connecting these cortical surfaces would be concave 
posteriorly, paralleling that of the posterior cortical margins 
of the vertebral bodies. The interspinous spaces, with ex
ception of that at the C2-C3 level, are of similar height. 

In flexion (fig . 1 B), the cervical vertebrae physiologically 
slide, or rotate anteriorly. The amount of forward motion is 
progressively greater at each successively higher level. 
Consequently, each successively higher vertebral body is 
slightly more anteriorly displaced than the body below. The 
inferior facets of the cephalad vertebra move forward and 
upward with respect to the contiguous superior facets of the 
subjacent vertebra, the interfacetal joint spaces widen pos
teriorly, and the interspinous spaces from C3 to C7 widen, 
usually uniformly. In a normal individual , the result is a 
smooth , continuous , reversal of the cervical lordosis which 
occurs diffusely throughout the cervical spine. 

In extension, normally, all of the physiologic changes that 
occur in flexion are reversed, and the cervical lordosis 

than subjacent body, superior facets are slightly and uniformly anteriorly 
displaced, interfacetal joint spaces uniformly widened posteriorly , interspi
nous spaces all uniformly widened. C, Extension . Lordosis exaggerated, disc 
spaces slightly widened anteri orly and narrowed posteriorly , surfaces of 
interfacetal jo ints converge posteriorly , superior facets of each jOint poste
riorly displaced , spinous processes converge. 

becomes exaggerated. The interspinous spaces narrow and 
the spinous processes converge (fig 1 C). 

The ligaments involved in anterior subluxation include the 
supra- and interspinous ligaments, the ligamentum flavum, 
the capsules of the interfacetal joints (" posterior ligament 
complex" ) [3], the posterior longitudinal ligament, and the 
intervertebral disc (fig. 2A). 

Pathophysiology 

Selecki and Williams [5] used fresh, unembalmed cadaver 
specimens of the cervical spine to demonstrate that anterior 
subluxation is the result of a flexion force of less than 49 
kg / cm 2 which causes disruption of the posterior ligament 
complex, the posterior longitudinal ligament, and a horizon
tal tear of varying length in the posterior part of the corre
sponding intervertebral disc. Most of the disc, and the 
anterior longitudinal ligament, remain intact. Consequent to 
the ligamentous disruption , the involved vertebra, pivoting 
on the anterior inferior corner of the body, rotates (fig. 2B), 
or may be slightly (1-3 mm) displaced, anteriorly . The 
concept of anterior subluxation as an acute injury of the 
cervi cal spine has been extensively described in orthopedic 
and neurosurgical literature [2 , 3,6-14] but less frequently 
in radiologic literature [4 , 15-17]. 

Radiographic Signs 

The radiographic signs of anterior subluxation (fig. 3) 
inc lude (1) a localized kyphotic angulation of the cervical 
spine limited to the level(s) of the ligamentous disruption ; 
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A B 
Fig . 2.-A, Ligamentous structures of normal cervical sp ine. Supraspinous ligament (a); interspinous 

ligament (b); capsule of interfacetal joint, (c); posterior longitudinal ligament (d); intervertebral disc (e); 
anterior longitudinal ligament (I). Ligamentum flavum not depicted. Together , supra- and interspinous 
ligaments, ligamentum flavum , and capsu le o f inter/acetal joints const itute "posterior ligament complex." 
B , Pathology of anterior subluxation; disruption of supra- and interspinous ligaments, capsule of 
interfacetal jo ints, posterior longitudinal ligamen t, and short tear of posterior aspect of intervertebral 
disc. Ligamentum flavum, not demonstrated here, is torn as well. (Reprinted from [4].) 

Fig . 3 .-Anterior subluxati on of C5 on C6: hy
perkyphotic angu lation at C5-C6 level. C5- C6 in
terspinous space (white arrow) is abnormally wide 
(""fanning " ), inferi or facets of C5 are anteriorly and 
superiorl y displaced and their posterior marg ins are 
no longer superimposed (arrows) as at other, unin
volved, levels (arrowheads) . Distance between pos
terior cortex of body of C5 and anterior cortex of 
pillars of C6 (open arrow) is abnorm ally wide and 
fifth disc space is w idened posteriorly and narrowed 
anleriorly . 

(2) anterior rotation and / or slight (1-3 mm) displacement of 
the subluxed vertebra ; (3) anterior narrowing and posterior 
widening of the intervertebral disc space; (4) increase in the 
distance between the posterior cortex of the subluxed ver
tebral body and the anterior cortex of the articular masses 
of the subjacent vertebra; (5) anterior and superior displace
ment of the superior facets of the involved interfacetal joints 
with respect to their contiguous inferior facets , with resultant 
widening of the posterior aspect of the interfacetal joint 
space ; and (6) abnormal widening of the involved interspi
nous space (" fanning " ). The incidence of each of these 
signs on the initial neutral lateral radiograph of 25 patients 
with anterior subluxation is indicated in table 1. All of the 
signs, except widening of the space between the subluxed 
vertebral body and the subjacent articular mass and alter
nation of the configuration of the disc space, were present 
in all patients. Measure of the space between the posterior 
cortical margin of the subluxed vertebral body and the 
anterior cortex of the articular masses of the subjacent 
vertebrae requires a true lateral radiograph . In some of our 
patients , minor degrees of rotation precluded an accurate 
evaluation of this distance. In some of the patients with 
minimal degrees of anterior subluxation, it was not possible 
to be certain of posterior widening and anterior narrowing 
of the height of the involved intervertebral disc space on the 
initial neutral lateral radiograph. 

These changes are exaggerated in flexion and reversed, 
or eliminated , in extension . Therefore, with minor degrees 
of anterior subluxation in which the neutral lateral radio
graph may be equivocal , lateral flexion and extension radio-

TABLE 1: Frequency of Signs and Anterior Subluxation in 
Initial Neutral Lateral Radiograph 

Sign 

Localized hyperkyphosis 
Anterior rotation or displacement of 

subluxed vertebra 
Altered configuration of disc space 
Increase in vertebral body-articular 

mass distance 
Altered configuration of interfaced 

joints 
" Fanning " of spinous processes . 

No. Patients 
(n = 25) 

25 

25 
16 

16 

25 
25 

graphs , preferably under direct medical superVtSIOn, are 
necessary to establish the correct diagnosis (fig . 4). When 
there are signs of subluxation in the neutral lateral projec
tion , and they are not exaggerated in flexion , it has been 
suggested that there is less extensive tearing of the posterior 
ligamentous structures and that delayed instability may not 
be as common in these patients [13]. 

Kyphous Deformity at Level of Subluxation 

The attitude of the cervical spine in anterior subluxation 
is characterized by localized kyphosis limited to the level(s) 
of subluxation (figs. 3-5). This feature distinguishes anterior 
subluxation from the smooth , diffuse, physiologic reversed 
lordosis associated with voluntary positioning or muscle 
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A B 
Fig . 4 .-Anterior subluxation of C3 and C4 . A , Neutral position. Minor 

kyphous deformity C3-C4 leve l with abrupt disruption of normally smooth 
anterior convex ity o f ve rtebral bodies. C3-C4 interspinous space widened 

A B 

spasm. " Reversal of the normal cervical lordosis ," the 
phrase most commonly used to describe the posture in 
anterior subluxation, is not on ly imprecise, but is frankly 
misleading because it implies that the appearance of the 
cervical spine in anterior subluxation is the same as that 
caused by voluntary flexion , or by muscle spasm. Fai lure to 
recognize, or appreciate, the difference between the diffuse 
reversal due to positioning or musc le spasm and the local
ized hyperkyphosis of anterior subluxation is probably the 
principal reason why anterior subluxation is frequently 

c 
(white arrow) . Other vertebrae remain in normal lordotic attitude. B, Flex ion . 
All sig ns of anterior subluxation accentuated . C, Extension . Spine appears 
normal. 

Fig . 5 .-Anterior subluxation of C4 
on C5 with delayed instability. A , tnitial 
neutral lateral radiog raph. Obvious signs 
of subluxation. Pati ent was treated for 
"cervical sprain" with soft collar until 
acute symptoms subsided. B, 3 months 
later. Rad iograph obtained because o f 
chronic complaints. Greater degree o f 
subluxat ion . (Reprinted from [4].) 

missed or considered to be of minor significance [17]. 
However, minor anterior angulation (up to 11 ° ) may be 
normal in the absence of any of the other radiographic signs 
of anterior subluxation [18-20]. Another distinguishing fea
ture of the cervical spine in anterior subluxation is that the 
vertebrae above, as well as those below, the kyphous de
formity commonly maintain their normal lordotic posture 
(figs. 3-5), while in the voluntary positioning or muscle 
spasm, the cervical lordosis will be obliterated or reversed 
throughout the cervical spine. 
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Fig . 5. -Acute anterior subluxation 
of C3 with delayed instability. A, init ial 
examinati on. Superior facets of interfa
cetal jo ints anteriorl y and superiorly dis
placed ; interfacetal joint spaces 
widened posteriorly (arrow) . B, After 
prolonged rigid immobilization. (Re
printed from [4] .) 

A 

Anterior Rotation and/ or Displacement of Subluxed 
Vertebra 

Usually, the subluxed vertebra is simply anteriorly rotated 
on the anterior inferior corner of the body (fig. 3). With 
greater flexion force and more extensive soft-tissue injury, 
the vertebra may be anteriorly displaced , in addition to 
being rotated (figs. 4-6). Such anterior displacement does 
not exceed 1-3 mm in anterior subluxation . Anterior (hori
zontal) displacement in excess of 3.5 mm indicates frank 
dislocation or fracture [2] or " pseudosubluxation " or " pseu
dodislocation " of infancy and childhood [19, 21-23]. The 
minor displacement in anterior subluxation is less than that 
associated with frank cervical vertebral dislocation or frac
ture and bears no relation to the physiologic " pseudodislo
cation " of infancy and early childhood . 

Anterior Narrowing and Posterior Widening of Disc Space 

Anterior narrowing and posterior widening of the interver
tebral disc space (figs. 3, 5 , and 6) are manifestations of 
rotation of the subluxed vertebra and the tear in the posterior 
aspect of the intervertebral disc. These changes are fre
quently subtle. 

Localized Increase in Distance Between Subluxed 
Vertebra and Subjacent Articular Masses 

Localized, abnormal widening of the space between the 
posterior cortical margin of the subluxed vertebral body and 
the anterior cortical margin of the subjacent articular masses 
(figs. 3, 5 , and 6) is a manifestation of the rotation and / or 
anterior displacement of the subluxed vertebra. Evaluation 
of this subtle, inconsistent radiographic sign requires a true 
lateral radiograph and comparison of the " body-mass" dis
tance at the level of ligamentous disruption with the same 
interval at adjacent , normal levels . 

B 

Alteration of Configura ton of Interfacetal Joints 

Anterior and superior displacement of the inferior arti cu
lating facets of the subluxed vertebra produce radiographi 
cally discernible changes in the relation of the facets and 
the geometry of the joint spaces (figs. 3-6). Normally the 
posterior cortical margins of the facets at each level should 
lie on about the same vertical plane. In anterior subluxation , 
the posterior margin of the inferior facets of the subluxed 
vertebra may lie as much as 3-5 mm anterior to the posterior 
cortical margins of the contiguous subjacent facets . Instead 
of being parallel, the surfaces of the involved faceted joints 
are divergent posteriorly, and the joint spaces at the level of 
ligamentous disruption, instead of being of uniform width , 
are widened posteriorly . 

Abnormal Widening of Interspinous Space 

Abnormal widening of the involved interspinous space 
(" fanning " ) refl ects the torn supra- and interspinous liga
ments and the anterior rotation of the subluxed vertebra. 
Normally , the intersp inous spaces, particularly from C3 
through C7, are of simil ar height in the neutral lateral radio
graph . In anterior subluxation , the interspinous space at the 
level of ligamentous disruption is obviously wide, and is 
wider than the other interspinous spaces throughout the 
lower cervical spine (figs. 3-10). 

Complications 

Delayed instab ility is the princ ipal and most c linicall y 
sign ificant complication of anterior subluxation . Fielding and 
Hawkins [2] define instability as " weakness of intervertebral 
bonds that render them unable to withstand trauma tolerable 
to the normal spine and allows actual or potential abnormal 
excursion of one seg ment on another, implying a potential 
or actual compromise of neural elements." " Delayed " in-
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Fig . 7.-Anterior subluxation of C6 
on C7 with simple wedge fracture of C6 . 
A , Localized hyperkyphotic angu lation 
(white arrow), and all o ther sig ns of an
terior sUb luxation at C6-C7 level. C6 = 

black arrow. B, Another patient (asymp
tomatic) : " military" position. Cervical 
lordosis diffusely and smoothly reversed 
throughout unlike localized kyphosis 
with anterior subluxat ion . 

Fig . 8.-Anterior subluxation of C5. 
A , Localized hyperkyphosis at C5- C6 
level; fifth interspinous space abnormally 
widened (.); superior facets of involved 
interfacetal jo ints (arrowhead) anteriorly 
and superiorly displaced. B , Another pa
tient, with muscle spasms secondary to 
fracture of posterior arch of C1 . Cervical 
lordosis smooth ly and diffusely reversed 
throughout, unlike localized kyphosis of 
anterior subluxation. 
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Fig . g.-Anterior subluxation, with 
minor anterior displacement, of C4 in 
patient with degenerative arthriti s. 

Fig . 10.-Anlerior subluxation, with 
moderate anterior displacement, of C5 
in patient with ex tensive degenerative 
arthriti s of cervical spine. Abnormal 
prevertebra l soft-ti ssue swelling (.) in 
lower cervica l spine. 

A 

9 

B 
Fig. 11 .- Anterior subluxation with acute, simple, wedge fracture of C5. 

A , C5-C6 interfacetal joint spaces abnormally widened (arrow) and, although 
not completely visualized, interspinous space is abnormally widened (.). 

stability has been described as instability that persists after 
conservative treatment. It occurs in about 20% of patients 
with anterior subluxation, an incidence greater than that 
found in any other type of cervical injury [24]. 

The cause of delayed instabi li ty is failure of the posterior 
ligament complex and the posterior longitudinal ligament to 
heal. Consequently, the subluxed vertebra remains free to 
move through an abnormally wide range of motion, partic
ularly in flexion, and the radiographic signs of anterior 
subluxation may be even more striking in the follow-up 
radiographs than on the original radiographic study (fig. 5). 

Delayed or incomplete healing is an inherent character
istic of ligamentous injuries and may occur despite pro
longed and appropriate immobilization (fig. 6). This concept 
is well recognized with respect to ligamentous injuries in-

10 

c 
Several months later: flexion (B) and extension (C) radiographs. Abnormal 
range of motion of C5 indicat ing inslability. (Reprinted from [4].) 

volving the knee and ankle. It is less well appreciated in 
regard to ligamentous injuries of the cervical spine. 

Discussion 

The recognition of anterior subluxation depends entirely 
on the appreciation of the radiographic signs of this com
mon, purely ligamentous flexion injury . These signs although 
occasionally subtle, are identifiable and reflect the changes 
in vertebral alignment attributable to the flexion force and 
ligamentous disruption. Being limited to the level of ligamen
tous injury, they are distinctly different from the diffuse, 
generalized reversal of the cervical lordosis which occurs 
voluntarily in the " military " position or in flexion (fig . 7) or 
involuntarily , secondary to muscle spasm (fig . 8) . 

Anterior su bluxation is com monly regarded as an injury 
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of younger people, particularly those who are ath letically 
active . This misconception may dismiss consideration of 
anterior subluxation in older patients, or those with degen
erative arthritis of the cervical spine, who sustain a relatively 
minor flexion injury of the neck. Figures 9 and 10 are 
examples of patients with preexisting degenerative arthrit is 
of the cervi cal spine who experienced acute anterior sub
luxation as the result of an indirect flexion injury of the neck . 

If the radiographic signs of anterior subluxation are either 
not recognized or are misinterpreted as representing simply 
the effect of positioning or muscle spasm, the correct diag
nosis is not likely to be established, since the c linical signs 
and symptoms of anterior subluxation are nonspecific. In 
that event, it is highly probable that the treatment will be 
symptomatic on ly, and if so, it will almost certain ly be 
inadequate to provide optimum conditions for ligamentous 
healing . Such diagnostic failures undoubtedly contribute to 
the high incidence of delayed instability associated with 
anterior subluxation . Therefore, it is particularly important 
that the radiologist accept anterior subluxation as a specific 
pathologic entity and be fully aware of its radiographic signs. 

Another factor that contributes to the inordinate incidence 
of delayed instability associated with anterior subluxation is 
the innate characteristic of ligamentous injuries to heal 
poorly. This concept is well recognized with respect to 
ligamentous injuries involving the ank le and knee, but is not 
apprec iated in cervical spine injuries. While anterior sub lux
ation usually occurs as an isolated injury, it is occasionally 
assoc iated with a simple wedge fracture. In this instance, 
the ligamentous disruption of anterior subluxation may be 
the more important lesion. It is not uncommon for the wedge 
fracture to heal, while failure of the ligamentous injury to do 
so resu lts in prolonged morbidity associated with delayed 
instability (fig . 11). 

In summary, anterior subluxation (hyperflexion sprain) 
usually occurs as an isolated soft-tissue lesion resulting 
from a flexion injury causing disruption of the " posterior 
ligament complex" and a variable segment of the interver
tebral disc. Its recognition depends entirely on the radio
graphic signs of localized kyphotic hyperangulation at the 
level of ligamentous disruption, with or without minimal (1 -
3 mm) anterior displacement of the subluxed vertebra. An
terior subluxation is c linically significant because of about 
20% incidence of posttraumatic " delayed instability " due to 
impaired ligamentous healing. When present in conjunction 
with a simple wedge fracture, anterior sub luxation is usually 
the more significant lesion. 
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