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INTRODUCTION

The nature of spondylolysis is still

a matter of considerable controver-

sy where opinions oscillate between

regarding the condition a stress

fracture or due to congenital defect

at the interarticttlar isthmus' The

subject of spondylolysis was first

recorded bY lambl (lBbB) and Neu-

gebauer (lBBi) and since that time

it has aroused the interest of obste"

tricians and orthopaedic surgeons

as a cause of forward displacement

of lumbar vertebrae (spondylolisthe-

sis). Unilaterat or bilarteral cases
were reported to occur in 4.2% of
lumbar vertebrae with a, greater

frequency in males than in females
(Roche and Rowe, 1951 a). Previous
investigations dealt with description
of post-mortem specimens or verte'
brae removed during surgical ope-
rations in addition to examination
of long series of radiograms on ver'
tebral eolumns.

The objective of the present work
is to investigate further the nature

of spondylolYsis as seen in driecl

lumbar vertebrae.

MATERIAL AND METHODS

Seventeen dried adult lumbar ver-

tebrae and one separate vertebral

arch were collected for this studY

out of 90 human skeletons- Four of

these specimens were obtained from

one tomb. Five sPecimens showed
discontinuity at the interarticular
isthmus on one side whereas the re-
maining 12 vertebrae exhibited bila-
teral defects with the respective neu-
ral arches missing. All vertebrae
showing bilateral defects were 5ffu
Iumbar. In addition. the bodies of
26 normal \th lumbar vertebrae
were measured for comparison. The
defected areas were described as re-
gards their shape, contour and size.
For the purpose of eomparison of
both sides the following measure-
ments were undertaken in the unila-
teral cases :

- The maximum height and bread'
th of the superior and inferior
facets.

s - r8, 1980.
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The height and thickness of the
pedicle.

The height of the inferior inter-
vertebral notch taken from the
inferior border of the pedicle
ro the inferior border of the
related body.

t}tsSERVATIONS

Bilateral sponrtgloily sis :

The defect affects the interarticu-
lar isthmus ( the area between the
superior and inferior articular pro-
cesses) nearly at the same site on
both sides (fig, i). In general, the
measurements taken for the pedicle
and superior articular facets on
troth. sides are symmetrical. The
:fl,v€rog€ vertical height of the pe-
dicle is found 12.40 mm (range*-
9-15mm) 0n the right side and
12.33mm (range: 9-15mm) on the
left side whereas its thickness is
19.25mm (range- 16-23mm) on
either side. The height of the super-
ior articular facet measures 1?.lmm
and 16.08mm for the right and left
sides respectively while their trans-
verse measurements are 14.?mm
and 14.3 mm respectively.

As regards the measurements of
the vertebral body, the average an-
teroposterior diameter taken in the
median plane is Bb.33mm for the
upper surface and BS.Zbmm for the
lower surface, whereas the trans-
verse diameters are S0.Blmm and
51.60mm for the two surfaces res-

pectively. The average vertical mea-
surement of the body differs at the
anterior surface from that at the
posterior surface where they are
found 26.5 mm and 22,42 mm re-
spectively. The vertical measure-
ments carried out on 26 normal bth
lumbar vertebrae for comparison
reveal that the average height of the
anterior surface is 29.00mm (ran-
ge: 25-35mm) while that of the
posterior surface is 25.08mm (ran-
r{e: 19-28mm).

The surface of the defected area
is rough with irregular outline and
i{,s long axis passes transversely
rvhile its shorter axis is directed an-
t,eroposteriorly. On the left side the
range of the transverse measure-
ment is 10-18mm and that of the
anteroposterior one is 5-1Zmm,
rvhereas on the righ side they are
11-17mm and ?-10mm respecti-
vely.

The defect may appear as an irre-
gular depression or provided with
one or more elevations. The surface
looks downwards and backwards,
downwards and medially or directly
rlownwards. In some cases. the
rrlane of the defect is cut flush with
the inferior border of the pedicle.

The separate neural arch belongs
to an adult lumbar vertebra and con-
sists of the spine, the two laminae
irnd the inferior articular facets
(Fig. 2). The two sides of the arch
are almost symmetric. Small areas
with a slightly rough surfaces
(not so smooth as an articular sur-
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Iace) are seen at the free ends of
]:oth sides.

Unilaterul spondylolysis :

Specimen ( 1) : A 5th lumlrar ver-
teirra shows an absent left lamina
with the gap extending from the su-
perior articular facet to the spine of
tire verlebra (flg. 3). The surface
of the defect is slightly irregular and
its plane passes horizontally at right
angle to thai of the superior facet.
The bone is projecting downwards
on its medial edge for 4 mm and on
it,s lateral edge for 6mm. The surface
of contact at the spine is slightly
rough (9x8mm) with minute scat-
tered. foramina and two spurs of
bone projecting both above and be-
1o.'; the defected surface.

Specimen (Z) : A lumbar vertebra
(probably the 4th) of an adult sub-
ject shows spondylolysis on the
right side. The diameters of the
superior facet are 13 mm and 11 mm
while those of the inferior one are
10 mm and 6 mm respectively. The
right pedicle measures 12 mm in
Iteight and 8mm in thickness where-
as the height of the related inferior
intervertebral notch is 1lmm. The
height of the left superior facet is
1?mm (the lrreadth is not complete ).
The height and thickness of the left
pedicle are l? mm and I mm re-
spectively wtrile the height of the
related. inferior intervertebral notch
is ?mm. The external surface of the
left pedicle shows an antero-
posterior ridge extending from the
vertebral bodS'to the root of the

transverse process and is separated
from its inferior border by 6 mm.
This ridge is not present on the
right side . The thickness of the
iamina just posterior to the super-
ior facet is greater on the left
( lt) mm ) than trn the risht side
( t l  m m ) .

Speaimen (3) : A lumbar vertebra
(probably ihe 3rd) of an adult sub-
ject has a linear defect at the left
isLhmus tirai seprrrates the vertebral
lr.rnina with the inferior articuiar
facet, 0n one hand from the anterior
part of the vertebral arch with the
superior articular facet on the other
hand. From the latter part, a bony
pr()cess projects medially above the
uppel'border of the left lamina from
which it is separated by a space
3 mm in height. The borders of the
Iatter space are slightly grooved as
if a ligament or a cartilage plate
r'.'as attached to them. The anterola-
teral edge of the defected left la-
mina comes in contact with a small
trllocess of bone where the opposing
surfaces (BxBmm) are smooth not
ltnlike those of a joint. The posterior
surface is convex while the anterior
one is concave and both surfaces lie
above the inferior articular facet
with an intervening irregular area
ti mm in height (figs. 4 & 5).

The right pedicle measures llmm
in thickness and 16mm in height. It
shows a ridge on its external surface
6 mm above its lower border and
extending hackwards from the body
of the vertebra to the lower border
of the transverse process. The height
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of the right inferior intervertebral
notch is 5 mm. On the left side the
pedicle is thinner from side to side
(Bmm) and shorter in height(12mm)
with the inferior intervertebral
notch higher (12mm); n0 ridge is
present on its lateral surface. How'

ever, the upper intervertebral not'
r:hes on both sides are equal in

ctepth.

The superior articular facet mea-
sures 13x9mm on the left side and
15 x 18 mm on the right side. The
mamillary and accessory prosesses

as well as the inferior articular fa'
cets are equal in dimensions on both
sides. The level of the inferior
border of the left half of the verte'
bral arch is slightly lower than that
of the right half. The thickness sf
the lamina measured just posterior
1,o the superior articular facet is
found to be 10mm on the right side
and 6 mm on the left side.

Specimen (4) : An adult lumbar
vertebra (3rd or 4th) has the defect
c;n the right side while its left lamina
is broken (after death) (flg. 6). The
right pedicle rneasures 12 x 7 mm
while the left one measures 16 x B
mm for the height and thickness
lespectively. The breadth of the is-
thmus (from side to side) is 16 mm
on the right side and 16mm on the
left (just above the defect) while its
thickness is 6 mm on the right side
and 13 mm on the left. The right
superior facet is concave (13x10

mm) while the left one is flat
(15X11mm). A f lat  accessory facet
(9X?mm) is present below the right

superior facet from which it is se-
parated by an area 6mm in height
(fig.7). The depth of the inferior
intervertebral notch is 10mm on the
right side and ? mm on the left side.
IJowever, the superior intervertebral
notches are equal in dePth on both
sides.

Specimetz (5): A 5th lumbar ver-
tehra from an adult subject shows
absence of most of its neural arch
with only the right inferior articular
process still attached to its isthmus.
The right pedicle measures 12x19
mrn while the left one is 10 x 20mm
for the height and transverse mea-
surements respectively. The superior
articular facets measure 15X13mm
on the right side and 15X15mm on
thr: left side whereas the right in-
ferior articular facet measures
seen on the left half of the inferior
18>(14mm. An osteophytic ridge is
border of the posterior surface but
not on the right half.

Associated degeneratiae clza.nges :

,A,trophic degeneration in the epi-
physeal ring encircling each of the
upper and lower surfaces of the'
irody together with osteophytic lip-
ping of the vertebral borders are
seen. Vertebrae with bilateral de-
fects show that the inferior surface'
is affected with a greater frequency
and in a more extensive degree than
the superior surface. In addition,
osteophytic lipping in the form of
ridges or projections are seen on
the lower border of the posterior
surface of the vertehral body in ?
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out of 12 cases with bilateral spon-

.dylolysis. These osteophytes vary

from slight to moderate elevations

but are usually of lesser degree than

those present on the anterior sur-

face and sides of the same vertebrae'

In cases with unilateral sPondY-

Iolysis no difference is noticed in the

degree of degeneration between the

upper and lower surfaces. How'

ever, in onlY one case (Sth lumbar)
.an osteophytic ridge is seen on the

lower border of its posterior as well

fl,s on its anterior aspect and sides'

DISCUSSION

The present studY showed that the

side oi the defect in unilateral cases
of spondylolYsis was relatively
underdeveloped than the oPPosite
side. This was mainly manifested in

the size of the pedicle, thickness of

the lamina and dimensions of the
superior articular facet. The dimi'
nution in the height of the Pedicle
was reflected on the height of the
related inferior interventricular
notch which was found deel:er than
that of the oPPosite side. However,
the flnding of the suPerior inter-
ventricular notches of both sides to
be symmetric is an indication that it
is the lower part of the Pedicle
which is affected bY the defect' It

seems from the available observa-
tions that spondylolysis is due to a
developmental error in the chondri-
fication or ossification of the pars

interarticularis where the lower part

of the lredicle, the lamina as well as
the superior articular facet of the

same side are affected.

The assumption that the condition is

due to stress fracture or fatigue failu-.
re by Murray and Colwill (1968) and
Cyron et al (1976) seems to be un-
justiflabie in the light of the availa-
ble results. It is unreasonable for a
fracture to occur on one side of a
vertebra without Ieaving any trace
of callus but on the contrary the
affected side is found attenuated.
Similarly, the presence of an extra-
articular facet below the superior
facet on the siile of the lesion is not

easiiy explained oI1 the basis of
fracture. However, MurraY and Col-
will (1968) presented radiograms of
vertebrae showing healed fracture at
the isthmus with callus formation.
Cyron et at (19?6) apPlied a mecha-
nical force to a series of cadaveric
Iumbar vertebrae and noticed that
tlre force required to produce frac-
ttrre increases progressively from
the f,rst to the fifth lumbar verte-
brae and that about 25'h of the cases
tested showed fracture in the Pe-
dicle. In contrast, in unilateral spon-
clylolysis no dissolution is seen at
the pedicle e.r{ that the lesion is
rnore frequerr.,.iy observed in the 5th
lumbar vertebrae than in the others.
Furthermore, the Plane of the
fracture induced in the experiment
did not propagate along the usual
site at which spondylolysis usually
takes place.

The frequent association of spon-
dylolysis with other congenital ma-
rrifestations adds a further evidence
to support that the condition is of a
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deveiopmetrtal nature rather than
Crte to fracture. Roche and Rowe
( 195ia) pointed out that 4.l, of bila-
l;errel spondylolytic vertebrae as well
ns 2B.1ii, of rrnilateral cases were as-
socja,ted with spina biflila of the
nerr.r':Ll arch. Ilowever. Guillaume et
el (19?6) recordecl two cases of con-
p;enitai unilateral defects in the par.s
infelarticr:la,ris of the 6th cervical
veri;ebta tlrat were associated with
spina hifida a.s rvell as a deforrnity
iir the spinai cord at the ievel of the
clefect. The record clf an accessory
a.noirralous centre of ossifi.cation in
the inferior articular process of a
lumbiri'vertebra by fioche and Rowe
< 195I li) may serve as a clue to the
etiolog;y of spondylolysis, in spite of
t,he r:laim of the latter authors that
such centle could play no role in
l,lre genesis of a separate neural
arch.

It has been stated that there is a
familial and raci,al predisposition to
the incidence of spondylolysis. Baker
iLncI Mc Hotick (1956) detected the
defect in 28(i/,' of the parents of
chilclren affected by soonclylolysis
rvhile Wilse ( 1962) diagnosed the
lesion in 26',ii, of the direct relatrves
of his cases. A further conflrmation
is available from the present study
where four defected vertebrae were
believed to belong to close relatives
as they were burried in one tomh.
Stewart (1958) found a racial difle-
rence in the frequency of spondylo-
lysis where he noticed a remarkably
higher incidence (26.8,:,1) of the de-
fect in Alaska Eskimos and Aleuts
than in other populat ions (1S,1).

Bilateral cases of spondylolysis
are more common than unilateral
ones and are frequently seen in the
Sth lumbar vertebrae. The condition
may be associated with spondylolis-
thesis where the whole vertebra is
riirifted to a more forward position.
As a consequence, atrophic changes
irr the circumferential epiphy-
srea,I plates are present on the upper
i{nd lower surfaces of the vertebral
trudy l,oH,^ether with osteophytes on
iLr: bi:lders. In the present work it
is the lower surface of the Fth lum-
har body whiclr is more commonly
r:"filected by such degeneration. This
cll:servrition may lead to the in-
ference that thc vertebral hocly mo-
vr-'s forwnrds mainlSr ai its juriction
rvith thc sacrutrr more than at its
articulation with the 4th lumbar
vertebra.

Irr case of spondyloiistheis the
l<-rlr'er l:order of the posterior sur-
fa,ce of the vertebral body becomes
exposed to unusual stresses. This
leads to the formation of osteo-
phytes at that border, a flnding
which is not usually seen at the po-
sterior aspect of the vertel:ral bo-
ciies. In the present study these po-
sterior osteophytes are observed in
ebout 60'ii, of the cases with bila-
teral spondylolysis. In addition,
these vertebrae appear to be verti-
cally compressed from above down-
rn'ards where the height of the body
is shorter by B mm. However, the
body stilt retains the same diffe-
rence (4 mm) between the height of
the anterior and posterior surfaces
recorded in normal Sth lumbar ver-
telrrae
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SUMMATiY

.,!. ser'ies of tlried lumbar vertebr*+

showing rrnilaternl or bilateral spondy-

ki lysis ( interart icular isthlnus defect)

u'as rollected fol this stutly. The sym-

nretry on both sitlcs of a vertebra was

as.iessed by catrying out ccrtain meIlsurc-

rnents on its vertebral arch as well as on

its body, In bi lateral spontlylolysis both

sitlcs of the verl,ehra rvcre found sym'

nretric while in unilateral cirties thcy

\vere asymmetric. The side of the lesion

rras underdeveloped thrrrr the opposite

sirle and an accessory articnlar facet was

present in some cases, Atr:ophic degene-

rat ion r,r 'as seen in bi lateral spontlyloly-

s;s alTecting mrinly the inferior surface

o-r the verteblal body. Irr atlilition, oste-

ophytes were observed at the lower bor-

tler of the posterior surface of the botly

irr 60% of Lhe vertebrael a site which is
no{ known to he commonly affectcd by
osteophytes, The etiology of spondyloly-
sis rvas discussed in the light rlf previous

invesligations where most of the evidenre

seems to be in favour of a developmental
etror rather than r stress fracture.
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L I . ] G E N D S

I , ' ig .  ( l )  ;  A ; r th  lL rn tba t ' r ' t : r ' teb t ' i l  shon ' -
ing bi lalet 'al  spondyltt iysis rvi th the t '"vo
sides ntrrr iy s) 'mmetrical.  Thc specimcn
sl.ou-s t l t t  su1:c:r ' iol  art ictt lar t)rocesses (S)

sl. i l l  al1i,rchc:c' l  u'hi l t  the i tr ferior l l roctrsses
i.rt '  abst rrt .

F-ig. (2) :  -A seltari t tc ucur'al t trch of i tr t
adult lunrlral vertebt 'a consist irrg of thq:
inlerior arl icular pr( lcesses, thc spirre ancl
thr '  trvo l i rminae. The site of the defect
(nrarkecl l :y the arrow) is seen as a sl i-
ghtly rough arcf l  or1 each side.

Fig. (3) :  A 5th lumbar vertebra show-
ing  absent  le f t  la rn ina .

IJ,

.{
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FiS. (4) : An adult lumbar vertebra
.{? 3rd) showing that the left lamina is
'completely separated from the rest of the
vertebra at the interarticular isthmus. A
process of bone is seen projecting me-

dially above the left lamina.

Fig. (S) : The itrferior aspect of the same
vertebra deseribed in flg. (4) showing a
tlefect (marked by the irrr()w) with its

surfaces simulating a joint.
Fig. (ti) : A broken adult Iumbar verte-

t-rra with unilateral spondylolysis on the
the right side. The right pedicle is thin-
ner from side to side than the left one.

Fig. (Z) : The same vertebra described
in fl9. (6) showing a flat accessory facet
(marked by the arrow) below the right
superior articular facet.
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Fis.  ( t l )

F ts .  (4)

f i c .  ( l )

F-is. (11)

I
I
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Fie. (5) F ig. (( i)
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