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Avulsion Injuries of Vertebral Endplates 
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ABSTRACT Bone changes resulting from avulsions involving vertebral endplates have had little, if any, 
systematic attention in palaeopathological literature. To gain insight into their occurrence and into 
their variety, two archaeological skeletal collections covering the period AD 1455-1824 were 
examined. Additional skeletal material was used to illustrate typical examples. A quarter of the 44 
adults who had adequate numbers of vertebrae at all spinal levels showed minor to major 
vertebral endplate changes result of avulsion injuries. The male/female ratio was 7:4. The 
ratio of individuals with injuries contracted during their youth and during their adulthood was 3:8 
(n = 11). Approximately half of the affected individuals showed such changes in multiple 
vertebrae. In about one third of the cases, concomitant vertebral fractures, which did not involve 
the endplates, were recorded. Since the existing classifications of endplate changes from 
avulsion injuries were developed on the basis of clinical diagnoses made by means of X-ray or by 
autopsy, an adapted and extended outline for palaeopathological use is proposed. A series of 
differential diagnoses is discussed. Although, in general, the poor preservation of archaeological 
spines hampers epidemiology, the diagnosis of spinal avulsion injuries offers interesting informa-
tion at the individual level. Copyright © 2000 John Wiley & Sons, Ltd. 
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Introductio n 

In t he l i te ra ture of p a l e o p a t h o l o g y, b o ne 

c h a n g es resu l t ing f r om hea led avu ls ions (d isrup-

t ions) i nvo lv ing ver tebral e n d p l a t es have h ad 

l i t t le , if any, sys temat ic a t t en t i on. T h e re are 

s o me past accoun ts ( S c h m o rl & J u n g h a n n s, 

1959), a nd t h e re is, to a l im i ted ex ten t, fo rens ic 

and rad io log ical l i te ra ture on p resent day cases 

(Schmorl & J u n g h a n n s, 1959; H i l t o n & Ball, 

1984,- E d e i k e n - M o n r oe et al, 1986,- Resnick, 

1989,- J o n s s on et al, 1991a,b,- Li n et al, 1991 ; 

Sward et al., 1993). P red i lec t ion si tes h a ve 

p roven to be t he an te r i or ver tebral co rne rs of 

t he l ower cerv ica l, t h o r a c o l u m b ar a nd t he lum-

bosacral t rans i t ion areas. Pos te r ior co rne rs sel-

d om seem to be invo lved (Sward et al., 1993,-

M a r t i n e z - L a ge et al., 1998). Avu ls ions invo lv ing 

t he ver tebral e n d p l a te shou ld n ot be c o n f u s ed 

w i t h f l ex ion -d is t rac t ion f rac tu res n a m ed a f ter 

C h a n c e, w h i ch are h o r i z o n t al t ransverse f rac-

*  Correspondence to: Barge's Anthropologica, Depar tment of 
Anatomy, Leiden University Medical Centre, PO Box 9602, 2300 
RC, Leiden, T he Nether lands. 

tu res w i th i n t he ver tebral b o dy ( C h a n c e, 1948; 

Ha ll & Robe r t son, 1985,- C o pe et al, 1987,-

L e G ay et al, 1990). T h e se do n ot invo lve t he 

endp la tes. P r o b a b ly because, in m o d e rn life, 

avu ls ions are assoc ia ted w i t h wh ip l ash t raumas 

of t he cerv ical sp ine as a result of init ial m o t or 

veh i c le acc iden ts, o ne t e n ds to ove r l ook the ir 

poss ib le o c c u r r e n ce at o t h er levels of t he ver te-

bral c o l u mn in t he p resen t -day, a nd at all levels 

in a rchaeo log i cal s p e c i m e ns ( H i l t o n & Ball, 

1984). H o w e v e r, in f o r m er t imes, e n d p l a te in-

jur ies f r om avu ls ions must have h a p p e n ed also, 

caused, for ins tance, by falls, ho r se - r i d i ng acci-

den ts, h i ts f r om bars, b lunt a b d o m i n al t raumas, 

m i n or t raumas, e tc. A n o t h er f ac tor c o n t r i b u t i ng 

t o t he scant a t t en t i on a w a r d ed to avuls ions, m ay 

be t hat t h ey o f t en seem to cause surpr is ing ly 

few b o d i ly comp la in t s. 

From a b i o m e c h a n i c al p o i nt of v iew, avul-

s ions at t he e n d p l a te are caused by ab rupt 

h y p e r f l e x i o n - h y p e r e x t e n s i on (i.e., acce le ra t ion-

dece le ra t i on) m o v e m e n t s. As a resul t, t he t ransi-

t ion area f r om t he b o ny ver tebral b o dy to t he 

f i b roca r t i l agenous in te rve r teb ral d isc b e c o m es 
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a l te rna te ly c o m p r e s s ed and s t r e t ched (dis-
t rac ted) in an u n c o n t r o l l ed m a n n e r. T he resul t-
ing d is loca t ion in ju ry of t he sp ine d i f fe rs 
b e t w e en ch i l d ren and ado lescen ts on t he o ne 
h a n d, a nd adu l ts on t he o the r. In t he f irst p lace, 
in t he g r o w i ng ver tebral b o dy we are dea l i ng 
w i t h t he u n f u s ed s ta tus of t he super ior and 
in fe r ior annu lar ( r ing, r im) e p i p h y s es of t he 
endp la tes. In t he s e c o nd p lace, t he annu lus 
f ib rosus of t he f i b roca r t i l ag inous in te rver tebral 
d isc is f i rm l y a t t a c h ed to t he hya l i ne car t i lag i-
nous e n d p l a te by t ravers ing Sharpey 's f ibres to 
t he annu lar ep iphys is. H o w e v e r, t he re is a rela-
t ive ly weak a t t a c h m e nt at t he si te of t he cart i-
lage p ro l i f e ra t ion z o ne of t he ca r t i l ag inous 
e n d p l a te to t he b o ny e n d p l a te of t he b o d y. In 
adul ts, l ack ing t he p ro l i f e ra t ion z o ne of t he 
ca r t i l ag inous endp la te, t he annu lus f ib rosus of 
t he d isc is d i rec t ly and f i rml y c o n n e c t ed to t he 
r i m ( fused annu lar ep iphys is) of t he b o ny end-
p la te of t he b o d y. 

In c l in ical l i terature, t he f o l l ow in g ver tebral 
e n d p l a te c h a n g es are m e n t i o n ed in t he case of 
ch i l d ren and ado lescen ts: (1) f r om hype r f l ex i on, 
an avuls ion of t he super ior annu lar ep iphys is, 
t o g e t h er w i t h a c o m p r e s s i on f rac tu re of t he 
an te ro - supe r i or c o r n er of t he ver tebral body,-
a f ter hea l i ng a ' b o w - s h a p e d' an te ro - supe r i or bo r-
der is seen because of fus ion of t he avulsed 
annu lar epiphysis,- (2) f r om h y p e r e x t e n s i on (cer-
vical on ly?) ,an avuls ion of t he in fe r ior annu lar 
epiphysis,- a f ter hea l i ng a ' t ea rd rop o s t e o p h y t e' 
at t he an te ro - i n fe r i or c o r n er of t he ver tebral 
b o dy m ay be f o u nd as a result of fus ion of t he 
avulsed annu lar ep iphys is. 

In t he case of adul ts: (1) f r om hype r f l ex i on, a 
c o m p r e s s i on f rac tu re of t he an te r i o - supe r i or cor-
ner of t he ver tebral b o d y, resu l t ing in a ' s tep-o ff 
a f ter hea l ing, a n d / or s o m e t i m es an avuls ion f rac-
ture of t he an te ro - i n fe r i or c o r n er of t he ver te-
bral body,- (2) f r om h y p e r e x t e n s i on (cervical 
on ly?), an avuls ion f rac tu re of t he a n t e r o i n f e-
r ior c o r n er of t he ver tebral b o d y. 

F requent ly, spinal in jur ies do n ot c o me a lone. 
D e p e n d i ng on t he l i te ra ture c i ted, mul t i level 
n o n c o n t i g u o us in jur ies are said to o c c ur c o n-
c o m i t a n t ly in 4 . 5 - 5 0% of pa t ien ts ( H a u m a n n, 
1930,- He l l ne r, 1931,- S c h m o rl & J u n g h a n n s, 
1959, Resnick, 1989,- R iddervo ld, 1991). In ad-
d i t ion t he re w e re f u r t her avu ls ions or avu ls ion 
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f rac tures, c o m p r e s s i on and burst f rac tures, facet 
locks because of facet d i s loca t ions ( facet j u m p-
ing), f rac tu res of sp inous- a nd t ransverse pro-
cesses and facets a nd ver tebral arch f rac tures, 
i nc lud ing spondy lo l ys is w i t h or w i t h o ut l is the-
sis. T o ga in ins ight in to t he o c c u r r e n ce of 
hea l ing, a nd i n to t he var ie ty in t y pe of e n d p l a te 
les ions f r om avuls ions, a rchaeo log i cal skeletal 
mater ial was e x a m i n e d. 

Materia l 

T w o o r d i n a ry skeletal co l l ec t i ons w e re sc reened. 
T he ' G o r i n c h e m' co l l ec t i on was excava ted in 
1998 by t he a rchaeo log i st F loore at t he 'Varken-
mark t' in t he C i ty of G o r i n c h em (p ro ject 1998-
X - l ; F loore et al, 1998). T he ske le tons 
o r i g i na ted f r om a part of t he g raveya rd for 
c i t i zens of a f o r m er Franc iscan Friary ' O n ze 
Lieve V r o u we te Be th lehem' ( O ur Lady at Beth-
l ehem). T h ey h ad b e en bu r i ed d u r i ng t he pe r iod 
A D 1 4 5 5 - 1 5 7 2. Al l ind iv idua ls we re adul ts, 
e x c e pt for one. Al l 24 ske le tons we re f o u nd 
ar t i cu la ted a nd w e re a lmost c o m p l e t e. 

T h e second, t he 'Breda' skeletal co l l ec t i on was 
excava ted in 1994 by t he D e p a r t m e nt of Ar -
c h a e o l o gy of t he M u n i c i p a l i ty of t he C i ty of 
Breda (code: BR-25-94,- Jansen, 1994,- van den 
E y n de & C a r m i g g e l t, in p repa ra t i on. De g r o te of 
O n ze Lieve V r o u we Kerk te Breda. In: Archeolo-
gisch en Bouwhistorisch Onderzoek in Breda. B reda: 

Mun ic i pa l i ty of Breda (no. 4)). T h is bur ial p lace 
was s i tua ted ou t s i de a l o ng t he s o u t h w e s t e rn wall 
of t he so-ca l led 'G ro te' or ' O n ze Lieve V r o u we 
Kerk' ( O ur Lady C h u r c h) of t he C i ty of Breda. 
T he co l l ec t i on cons is ts of 95 c o m p l e te and 
i n c o m p l e te a r t i cu la ted ske le tons. T he rema ins 
o r i g i na ted f r om c i t i zens bur ied d u r i ng t he 17th 
c e n t u ry and up to A D 1824. 

T he tex tu re of t he b o ne t issue was m o d e r a te 
t o g o o d. A rev iew of t he ma in d e m o g r a p h ic 
da ta on b o th co l l ec t i ons is f o u nd in T a b le 1. 
T he age at d e a th d is t r ibu t ions, espec ia l ly of t he 
Breda sample, w e re charac te r i s t ic for p re - indus-
trial soc ie t ies (Figures 1 a nd 2,- W a l d r o n, 1994). 
T he general hea l th s ta tus of b o th popu la t i ons 
and the ir m o d e r a te p e r f o r m a n ce in c o n t r a c t i ng 
mechan i cal t r aumas is re f l ec ted in t he f r equen-
cies of ma in pa tho log i cal c h a n g es (Tab le 2). 
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Table 1. Main demographic data 

G.J.R. Maat and R.W. Mastwijk 

Number of examined skeletons 

Horizontal cranial index, overall (mesocranic) 

Percentage of individuals under 20 years 
Percentage of individuals over 20 years 

Percentage of adult males 
Percentage of adult females 

Mean age at death of population over 20 years 
Idem, for males 
Idem, for females 

Stature of adult males (Breitinger, 1937) 
Stature of adult females (Trotter & Gleser, 1£52) 

Mean maximum femoral length of adult males 
Mean maximum femoral length of adult females 

an = number of individuals inspected 

Gorinchem nB Breda na 

24 95 

76.6 21 77.4 23 

4% 1 29% 28 
96% 23 71% 67 

52% 12 46% 27 
48% 11 54% 32 

52.1 years 21 49.7 years 38 
53.3 years 12 47.8 years 18 
50.6 years 9 51.8 years 20 

169.7 cm 11 171.3 cm 19 
160.7 cm 11 160.6 cm 23 

45.7 cm 11 47.5 mm 14 
43.6 cm 10 43.2 mm 14 

Our Lady Cemetery, Breda, Holland 

17th century-1824; N=66; southwestern part 

o 
0-9 10-19 20-29 30-39 40-49 50-59 60-69 70-79 

Age at dea th (years ; WE A, 1980) 

Franciscan Friary graveyard, Gor inchem, Hol land 

1455-1 572AD; N=22 

Number 
10. 

Figure 1. Age at death distribution of the Gorinchem collec-
tion. 

Number 

201  

Figure 2. Age at death distribution of the Breda collection. 

10-14 15-19 20-29 30-39 40-49 50-59 60-69 70-79 

Age at dea th (years ; WEA, 1980) 

Fur ther, to i l lustrate t he var ie ty in t y pe of 

e n d p l a te c h a n g es f r om avuls ions, charac te r i s t ic 

e x a m p l es we re se lec ted f r om o t h er skeletal col-

lec t ions w h i ch are cu r ren t ly u n d er s tudy in o ur 

d e p a r t m e n t. 

Methods 

M e t h o ds for sex a nd age d e t e r m i n a t i on w e re 

app l ied a c c o r d i ng to t he W o r k s h op of E u r o p e an 

A n t h r o p o l o g i s ts ( W o r k s h op of Eu ropean An-

th ropo log i s t s, 1980). S ta tu re of t he adu l ts was 

ca lcu la ted a f ter Bre i t inger for ma les and a f ter 

T r o t t er a nd G leser for ma les a nd fema les (Bre-

i t inger, 1937; T r o t t er & G leser, 1952, 1958). 

Cran ial a nd l o ng b o ne m e a s u r e m e n ts w e re taken 
as d e f i n ed by K n u s s m a nn (1988). 

Because avu ls ions a f fect t he l o c o m o t or sys-
tem, it is necessary to s ta te t hat cr i ter ia for t he 
d iagnos is of t he a r t h ropa th ies, w h i ch inc lude 
ve r teb ral os teophy tos i s, ver tebral and per ipheral 
os teoar th r i t i s, D i f f use Id iopa th ic Skeletal H y -
peros tos is ( D I S H ), v on Bechterew's d isease, 
Reiter 's s y n d r o me and psor ia t ic os teoar th r i t i s, 
w e re t h o se of Rogers & W a l d r on (1995), supp le-
m e n t ed w i t h s o me m i n or c o n d i t i o ns by M a at et 
al. (1995). O n ly unequ i vocal cases f rom skele-
t o ns h a v i ng a d e q u a te n u m b e rs of ve r t eb rae 
f r om all spinal levels (cerv ical, t h o r a c ic and 
l umbar) we re taken i n to a c c o u nt in th is s tudy 
(Tab le 2). 
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Table 2. Frequency of main pathological changes in adults 

Pathology Gorinchem Bred£ 

na affected na inspected na affected na ir 

Traumas 
Healed fracture 11 NA 21 NA 
Multiple fractures 5 NA 11 NA 
Ossified epidural haematoma 1 (3%) 38 
Spondylolysis, lumbar 3 NA 2 NA 
Pubic parturition scar 1 (fem.) NA 
Vertebral endplate avulsion 4 (29%) 14 7 (23%) 30 

Infections: 
Periostitis, haematogenous 1 (5%) 20 1 (4%) 24 
Periostitis, trauma, tibia 1 (4%) 24 
Osteomyelitis, haematogenous c 1 (4%) 24 
Abscess, vault 1 (3%) 38 
Suppurative arthritis 1 NA 
Maxillary sinusitis 1 (3%) 38 

Deficiency disease 
Rickets, healed: 
Adults 8 (33%) 24 
Non-adult 3 (25%) 12 
Scurvy, healed 1 (4%) 24 
Cribra orbitalia: 
Adults 1 (3%) 38 
Non-adults 2 (17%) 12 

Tumours 
Osteoma, cranial 1 NA 4 NA 
Meningeoma 1 (3%) 38 
Hypophyseal 1 NA 
Enchondroma, tibia 1 (5%) 20 
Multiple myeloma 1 (4%) 23 
Metastases 2 NA 

Arthropathies 
Suppurative arthritis, hip 1 (3%) 37 
Vertebral osteophytosis (VO) 8 (57%) 14* 12 (40%) 30* 
Vertebral osteoarthritis (VOA) 7» (50%) 14* 12 (40%) 30* 
Peripheral osteoarthritis (POA) 16 NA 19 NA 
DISH 6 (42%) 14* 6 (20%) 30** 
Von Bechterew's syndrome 1 (3%) 30** 
Reiter's syndrome 1 (3%) 30** 
Psoriatic arthritis 1 (3%) 30** 
Subacromial bursitis 2 NA 

Miscellaneous 
Hyperostosis frontalis interna 1 NA 
Exostosis arcus atlantae 1 (9%) 11 
Osteochondritis dissecans 3 NA 4 NA 
Paget's disease 1 (3%) 38 
Dental wear channels (pipe) 1 (14%) 7 10 (71%) 14 

n = number of individuals. 
* = all spinal levels inspected, cases complicated 
** = all spinal levels inspected. 
NA = Not applicable. 

F e a t u r es i n d i c a t i ng p o s s i b le h e a l ed e n d p l a te 

l es i ons c o u ld o n ly be p a r t i a l ly d e r i v ed f r o m t he 

r a d i o l o g i c al s t u d i es a nd f o r e n s ic a u t o p s i es m e n-

t i o n ed in t he i n t r o d u c t i o n. V e r t e b r al m a r ks 

s e a r c h ed f or in t h is s t u dy w e re t he p r e s e n ce of 

Copyr igh t © 2000 John Wi le y &  Sons, Ltd . 

other arthropathies excluded. 

a ny of t he f o l l o w i n g : (1) a n a t o m i c al d i s c o n t i n u-

i t y ( m a l a l i g n m e n t ) ,- (2) ' b o w - s h a p e d' s u p e r i or 

b o r d er of t he v e r t e b r al body,- (3) ' s t e p - o ff of t he 

a n t e r o - s u p e r i or c o r n er of t he body,- (4) ' e leva-

t i o n' of t he a n t e r o - i n f e r i or c o r n e r, (5) ' t e a r d r op 

Int. J. Osteoarchaeol. 10: 1 4 2 - 1 52 (2000) 
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Table 3. Healed avulsion injuries of vertebral endplates in adults (7 males and 4 females affected) 

Individuals Gorinchem collection Breda collection Overall Individuals 

na affected na inspected* na affected na inspected* na affected na inspected* 

Avulsion injuries: 
Overall 4 (29%) 14 7 (23%) 30 11 (25%) 44 
Multiple 3 (21 %) 14 3 (10%) 30 6 (14%) 44 

Cases with concomitant: 
Avulsion injuries 3 (75%) 4 3 (43%) 7 6 (55%) 11 
Vertebral fractures 1 (25%) 4 3 (43%) 7 4 (36%) 11 

Any other fracture 0 (0%) 4 2 (29%) 7 2 (18%) 11 

an = number. 
* = all spinal levels inspected. 

C 

o s t e o p h y t e' at t he an te ro - i n f e r i or corner,- (6) 
regu lar u n i f o rm p o r o t ic endp la te. 

Results 

A rev iew of t he o c c u r r e n ce of hea led e n d p l a te 
avu ls ions a nd c o n c o m i t a nt in jur ies in b o th co l-
lec t ions is g iven in T a b le 3. S ince b o th samp les 
we re re la t ive ly small, a nd d i f f e rences b e t w e en 
t he t wo w e re of a m i n or deg ree, t h ey are dea lt 
w i t h t o g e t h er in t he f o l l ow in g p resen ta t i on. 

A b o ut a qua r ter ( 2 5 %) of t he ind iv idua ls for 
w h om all sp inal levels cou ld be i nspec ted 
s h o w ed m i n or to m a j or ve r tebral e n d p l a te 
c h a n g es as a result of avu ls ion in jur ies. T he 
m a l e / f e m a le ra t io was 7:4. O v er half of t he 
a f f ec ted ind iv idua ls ( 5 5 %) s h o w ed such c h a n g es 
in mu l t ip le ve r teb rae. In a b o ut o ne th i rd ( 3 6 %) 
of t he cases c o n c o m i t a nt add i t i onal ver tebral 
f rac tu res n ot i nvo lv ing t he e n d p l a te w e re 
r eco rded. T h e se w e re add i t i onal impress ion 
f rac tu res of t he en t i re ve r tebral b o dy in t wo 
ind iv iduals, a f rac tu re of a sp inous p rocess in 
o ne ind iv idual, and spondy lo l ys is of l u m b ar ver-
teb rae in t wo ind iv iduals. S o me ind iv idua ls w i t h 
e n d p l a te in jur ies also s h o w ed hea led ex t rasp inal 
f rac tu res in o t h er b o dy parts: a h u m e r us sha ft 
f rac tu re ( o ne case) and f e m ur sha ft f rac tu re (one 
case). 

In t h r ee ind iv iduals, t he e n d p l a te c h a n g es 
w e re an te r io r ly d i sp laced annu lar ep iphyses, 
r e p r e s e n t i ng in jur ies in f l i c ted d u r i ng the ir 
g r o w th pe r i od ( you th ). T h e se in jur ies invo lved 
t he supe r ior e n d p l a te in o ne ind iv idua l, t he 
in fer ior in a n o t h e r, a nd b o th in yet a n o t h e r. 

Endp la te c h a n g es c o n t r a c t ed d u r i ng adul t-
h o od were: c o m p r e s s i on (in six ind iv idua ls) a nd 
avuls ion (in t wo ind iv idua ls respec t ive ly) f rac-
tures of t he an te ro - supe r i or c o r n er of t he ver te-
bral b o dy a nd c o m p r e s s i on (in five ind iv iduals) 
and avuls ion (in o ne ind iv idual respec t ive ly) 
f rac tu res of t he an te ro - i n fe r i or co rne r. N o avul-
s ion in jur ies w e re seen of t he pos te r i or co rners. 

N o (par t ia l) u n i f o rm regu lar po ro t ic e n d p l a t es 
r e p r e s e n t i ng pos t - t r auma t ic rep laced h a e m a-
t o m as w e re f ound. 

Discussion 

W h i l st we app rec ia te t hat it is an a lmost impos-
sib le task to ensu re t he a p p e a r a n ce of a p a t h o-
logical s p e c i m en is i n d e ed ind ica t i ve of t he 
p a t h o l o gy a t t r i bu ted to it , t he overall occur-
rence of hea led avu ls ion in jur ies of t he ver tebral 
e n d p l a te in our skeletal samp le seems to be 
ra ther h i gh ( 2 5% of t he adu lt c i t i zens). H o w-
ever, t h e re is l i t t l e w i t h w h i ch to c o m p a re th is 
resul t. T he few data ava i lab le are all f r om seri-
ous, c l in ica l ly e x a m i n ed p r e s e n t - d ay cases. T he 
re la ted pub l i ca t i ons s ta te r e p e a t e d ly that the 
t rue f r equenc ies are u n k n o w n. S o me t ime ago, it 
was sugges ted t hat avu ls ion in jur ies of t he sp ine 
m i g ht h a p p en ra ther f r e q u e n t ly (Schmorl & 
J u n g h a n n s, 1959). In a m u ch m o re recent au-
t o p sy s tudy of 'normal sp ines' of all ages (« = 
117) at least o ne 'r im les ion' was f o u nd in t he 
ma jo r i ty of pa t i en ts o v er 50 years of age ( H i l t o n 
& Ball, 1984). N u m b e rs inc reased w i t h age, and 
males w e re a f f ec ted m o re f r equen t l y. O n ly 4 4% 
cou ld be r e c o g n i z ed on radiographs,- our resul ts 
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c o n f i rm tha t. It is poss ib le t h at m a ny cases 
never c a me to be s tud ied by a rad io log ist or a 
p a t h o l o g i st at all ( H i l t o n & Ball, 1984). T h is 
cou ld be caused, in par t, by t he m in imal loss of 
mob i l i t y and to le rab le d i s c o m f o rt o ne suf fers if 
t he d i s loca ted s t ruc tu res re tu rn to the ir near ly 
no rmal sp inal a l i gnmen t, w h i ch t h ey usual ly do 
(Jonsson et al., 1991a). In genera l, i t has b e en 
s ta ted t hat avu ls ion in jur ies of e n d p l a t es and 
o t h er ve r teb ral f rac tu res m ay result f r om ra ther 
ins ign i f i cant acc iden ts, such as f r om ch i ld ren 's 
games, s imp le g y m n a s t ic exerc ises a nd d i v i ng 
( S c h m o rl & J u n g h a n n s, 1959,- Sward et al  ̂
1993). As is t he case t oday, m a ny of our skele-
t o ns s h o w ed c o n c o m i t a nt sp inal in jur ies, i.e. 
mu l t ip le avu ls ion in jur ies ( 5 5% of t he a f f ec ted 
sp ines) a nd add i t i onal ve r tebral f rac tu res (in 
3 6% of t he cases). T w o cases even h ad ex-
t rasp inal f rac tures. N ot e x c l u d i ng t he poss ib i l i ty 
of co i nc i den ta l ly co l l ec ted t raumas d u r i ng l ife , 
t he a c c u m u l a t i on of phys ical in jur ies in s o me 
ind iv idua ls u n d e r l i n ed t he c o m p l ex conse-
q u e n c es of an acc iden t. 

In our g r o up of 44 adul ts, w ho h ad a d e q u a te 
n u m b e rs of ve r t eb rae f r om all sp inal levels for 
i nspec t i on, t he ra t io b e t w e en ind iv idua ls w i t h 
e n d p l a te in jur ies c o n t r a c t ed d u r i ng the ir y o u t h, 
t he pe r i od of phys ical trial a nd er ror, a nd of 
t h o se d u r i ng the ir a d u l t h o o d, t he pe r i od of 
d e c r e a s i ng phys ical f lex ib i l i ty , was 3:8 {n — 11). 
If we a c c e pt t hat b o ne r e m o d e l l i ng d u r i ng lif e 
wil l h a r d ly a l ter g ross ana tomical ve r tebral 
c h a n g es l ik e 's tep-of fs ', 'e levat ions ', ma la l ign-
m e n ts a nd f rac tu re f issures, t h en we m i g ht est i-
m a te for our samp le that t he risk of o ur t h ree 
adu lt ind iv idua ls w i t h c h a n g es d a t i ng f r om the ir 
y o u th c o n t r a c t i ng such a c h a n ge d u r i ng the ir 
g r o w th p e r i od h ad b e en 3 /44 (c i rca 7%). T he 
risk of t he e ight ind iv idua ls w ho h ad c o n t r a c t ed 
e n d p l a te c h a n g es d u r i ng a d u l t h o od h ad b e en 
8 / 44 (circa 18%). 

C lass i f i ca t ions of e n d p l a te c h a n g es f r om avul-
s ion in jur ies w e re d e v e l o p ed on t he basis of 
c l in ical d i agnoses m a de by m e a ns of X- ray, or 
by au topsy, sho r t ly a f ter t he t ime of o c c u r r e n ce 
of t he in f l i c t in g t rauma. In p a l e o p a t h o l o g y, t he 
s i tua t ion is d i f f e ren t. O ne has t he poss ib i l i ty of 
d i rect visual i nspec t i on of t he d ry b o ne spec i-
m e n, a nd at t he same t ime o ne is o f t en dea l i ng 
w i t h hea led cases of ind iv idua ls w ho d ied l o ng 
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Figure 3. Superior view of vertebra T10. 'Bow-shaped' antero-
superior border after avulsion of the annular epiphysis with 
anterior displacement. The injury is accompanied by an im-
pression fracture of the antero-superior corner. 

af ter t he causal even t. C o n s e q u e n t l y, for 
p a l a e o p a t h o l o g i c al d iagnos is, an a d a p t ed ou t l i ne 
w o u ld be he lp fu l. T a k i ng t he l ine t hat t he 
i n s p e c t ed e n d p l a te c h a n g es resu l ted f r om avul-
s ion in jur ies w i t h d i s p l a c e m e n t, f o l l owed by 
near ly no rmal r e a l i g n m e nt of t he sp ine, t he 
f o l l ow in g a r g u m e nt is p r o p o s e d. 

If avu ls ion in jur ies of t he e n d p l a te are con-
t rac ted d u r i ng y o u t h: 

(1) Avu ls ion of t he super ior annu lar ( r im) 
ep iphys is w i t h an te r i or d isplacement,- usual ly 
th is classical in ju ry is a c c o m p a n i ed by an im-
press ion f rac tu re of t he an te ro - supe r i or c o r n er 
of t he ver tebral b o d y, s ince it o n ly can h a p p en 
in case of an u n f u s ed annu lar ep iphys is, it is 
a lways c o n t r a c t ed d u r i ng youth,- it is caused 
by a h y p e r f l e x i on displacement,- p a l e o p a t h o l-
o gy (Figure 3): a typ ical ' b o w - s h a p e d' an te ro-
super ior b o r d er a f ter fus ion of t he an te r io r ly 
d isp laced annu lar epiphysis,- b e h i nd it l ies t he 
dep ress ion r e m a i n i ng f rom t he impressed 
an te ro - supe r i or c o r n er of t he b o dy (Jonsson et 
al., 1991a). 

(2) Avu ls ion of t he in fe r ior annu lar ( r im-) 
ep iphys is w i t h an te r i o r / caudal d isplacement,-
usual ly th is is a c c o m p a n i ed by an impress ion 
f rac tu re of t he an te ro - i n fe r i or c o r n er of t he 
ver tebral body,- s ince t he annu lar ep iphys is is 
un fused, th is t y pe is a lways c o n t r a c t ed d u r i ng 
youth,- it is caused by a h y p e r e x t e n s i on d isp lace-
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Figure 4. Lateral view of vertebra T5. 'Teardrop osteophyte' at 
the antero-inferior corner of the body after avulsion of the 
inferior annular (rim-) epiphysis with anterior/caudal displace-
ment. From this position the impression fracture of the antero-
inferior corner of the vertebral body cannot be seen. 

m e n t; f r om t he ve ry few cases m e n t i o n ed in t he 
l i terature, o ne m ay c o n c l u de that its o c c u r r e n ce 
is low, p a l e o p a t h o l o gy (Figure 4): a ' t ea rd rop 
o s t e o p h y t e' at t he an te ro - i n fe r i or c o r n er of t he 
b o dy a f ter fus ion of t he d isp laced annu lar epi-
phys is (Jonsson et al., 1991a). 

If c o n t r a c t ed d u r i ng y o u th or a d u l t h o o d: 

(3) C o m p l e te or part ial avu ls ion (separa t ion) of 
t he in te rver tebral disc, t o g e t h er w i t h t he re la ted 
ca r t i l ag inous e n d p l a te f r om t he b o ny ver tebral 
e n d p l a te w i t h o ut c o n c o m i t a nt f rac tu re of t he 
b o ny ve r teb ra (disc b o nd in jury, p s e u d o - s p o n d y-
lolisthesis,- S c h m o rl & J u n g h a n n s, 1959),- d u r i ng 
l i f e a h a e m a t o ma is f o u nd b e t w e en t he car t i lag i-
nous a nd b o ny e n d p l a te (Jonsson et al., 1991b),-
th is t y pe of avu ls ion is m o re easi ly c o n t r a c t ed 

Figure 5. Superior view of vertebra L5 (left) and from the 
inferior side of vertebra L5 of another individual (right). A partial 
and a complete regular uniform porotic endplate representing 
a replaced haematoma after avulsion (separation) of the inter-
vertebral disc, together with the related cartilaginous endplate 
from the bony vertebral endplate of the body. 

Copyrigh t © 2000 John Wi ley &  Sons, Ltd . 

Figure 6. Superior view of vertebrae L1 and 2 of the same 
individual. Antero-superior 'step-offs' and accompaying 
crushed and cavitated annular epiphyses after a compression 
fracture of the antero-superior corner of both bodies and their 
related endplates. 

d u r i ng c h i l d h o od and ado lescence, t he occur-
rence is unknown,- p a l e o p a t h o l o gy (Figure 5): we 
assume tha t, at least in a n u m b er of cases, a part ial 
or c o m p l e te regu lar u n i f o rm p o r o t ic e n d p l a te 
rep resen ts t he rep laced h a e m a t o m a. 

If c o n t r a c t ed d u r i ng a d u l t h o o d: 
(4) A c o m p r e s s i on f rac tu re of t he an te ro -supe-

r ior c o r n er of t he b o dy a nd its re la ted endplate,-
th is is p r o b a b ly t he most c o m m on and a typ ical 
h y p e r f l e x i on avuls ion f rac tu re in adults,- it m i g ht 
o f t en s tay c l in ica l ly u n n o t i c ed ( H i l t o n & Ball, 
1984); p a l e o p a t h o l o gy (Figure 6): an an te ro-
super ior ' s tep-of f' and a local ly c rushed annu lar 
epiphysis,- t he ' s tep -o ff m ay s h ow cav i ta t ion 
( 'excavat ion ' ). 

Figure 7. Superior view of vertebrae T3 and 4 of the same 
individual. Discontinuity in the antero-superior rims after union 
of the displaced fragments after an avulsion fracture of the 
antero-superior corner of the body together with its related 
portion of the endplate. The endplates show remaining frac-
ture fissures with sharp edges like in the burst fracture of 
Figure 10. 
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(5) A n avu ls ion f rac tu re of t he an te ro - supe r i or 
c o r n er of t he b o d y, t o g e t h er w i t h its re la ted 
p o r t i on of t he endplate,- th is is rad io log ica l ly a 
f r e q u e n t ly r e c o r d ed w e l l - k n ow entity,- p a l e o-
p a t h o l o gy (Figure 7): a d i scon t i nu i ty in t he 
a n t e r o - s u p e r i or r im a f ter u n i on of t he (dis-
p laced) fragment,- t he e n d p l a te m ay s h ow a 
r e m a i n i ng f rac tu re f issure w i t h sha rp edges. 

(6) A c o m p r e s s i on f rac tu re of t he an te ro - i n fe-
r ior c o r n er of t he b o dy and its re la ted endplate,-
th is is caused by h y p e r f l e x i on of t he adu lt spine,-
in c o m p a r i s on w i t h avu ls ion f rac tu res of t he 
a n t e r o - s u p e r i or co rne r, i t h a p p e ns o n ly occa-
s iona l ly ( S c h m o rl & J u n g h a n n s, 1959),- p a l e o-
p a t h o l o gy (Figure 8): an an te r ior e leva t ion' w i t h 
a c r u s h ed annu lar ep iphys is of t he in fe r ior end-
p la te, t he 'e levat ion' m ay s h ow cav i ta t i on ( 'exca-
vat ion ' ). 

(7) A n avuls ion f rac tu re w i t h or w i t h o ut cavi-
ta t ion of t he an te ro - i n fe r i or c o r n er of t he body,-
th is m ay be caused by h y p e r e x t e n s i on (cervical 
on ly?) or by h y p e r f l e x i on of t he adu lt sp ine 
( E d e i k e n - M o n r oe et al., 1986,- J o n s s on et al., 
1991a),- p a l e o p a t h o l o gy (Figure 8): a d iscon t i-
nu i ty in t he an te ro - i n fe r i or r im a f ter un ion of 
t he (d isp laced) f r a g m e n t, t he e n d p l a te m ay 
s h ow a r e m a i n i ng f rac tu re f issure w i t h sha rp 
edges. 

W i t h respect to t he d i f fe ren t ial d iagnos is of 
e n d p l a te c h a n g es as a result of an avuls ion 
in jury , o ne shou ld k e ep t he f o l l ow in g a l te rna-
t ives in m ind: 

I . A regu lar c o m p r e s s i on f rac tu re resu l t ing 
f rom axial o v e r l o a d i ng of t he sp ine w i t h o ut 

i 

Figure 8. Inferior view of vertebrae T7 and 11 and of vertebra 
L5 of the same individual. Union of a displaced fragment after 
an avulsion fracture of the antero-inferior corner of T7 (left). 
'Elevation' with a crushed annular epiphysis of the inferior 
endplate after a compression fracture of the antero-inferior 
corner of the body of T11. Spondylolysis of vertebra L5. 
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Figure 9. Lateral view of vertebrae T7 and 8. Two regular 
compression fractures without displacement. The entire bod-
ies are wedged by mild compression. Note the wrinkles in the 
anterior surface of the bodies. 

d i sp lacemen t, in such a case t he en t i re b o dy 
is w e d g ed w i t h o ut an an te r ior ' s tep-o ff of 
t he super ior e n d p l a te or a 'an te r ior e levat ion' 
of t he in fe r ior e n d p l a te (Figure 9),-

1. A ' f ish ve r teb ra' as a result of seni le os-
teoporosis,- t he typ ical r o u n d ed and de-
pressed super ior a nd in fe r ior e n d p l a t es are 
t he result of c o m p r e s s i on of an a rch i tec-
tura l ly w e a k e n ed ver tebral body,-

3. A burst f rac ture, because of axial ove r load-
ing of t he spine,- in t hese cases o f t en 
re t ropu ls ion is seen of a m id -dorsal b o dy 
s e g m e nt i n to t he ver tebral canal (Maat et al, 
1996), as in a case of un ion of an avulsed 
f r a g m e nt of t he an te r i or c o r n er of t he b o d y, 
t he e n d p l a te m ay s h ow mu l t ip le f rac tu re 
f issures w i t h sha rp e d g es w h i ch s tay a f ter 
hea l i ng (F igure 10),-

4. A ve r teb ra w i t h S c h e u e r m a n n 's kyphos is 
(Sco les et al., 1991),- th is wil l s h ow an te r ior 
ex tens ion, w e d g i ng of t he en t i re b o dy and 
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Figure 10. Superior view of a thoracic vertebra. Typical burst 
fracture with retropulsion of a mid-dorsal body segment into 
the vertebral canal. Note, as in Figure 7, the multiple fracture 
fissures with sharp edges in the endplate. 

f r e q u e n t ly Schmor l 's nodes,- t he annu lar epi-
phys is s tays in place,- t he ex tens ion cons is ts 
of t issue a d d ed an te r io r ly ou ts ide' t he annu-
lar r i ng as if to susta in t he inc reased pressure 
f r o m t he kyphos i s, a nd t ho rac ic ve r t eb rae 
are a f f ec ted in t he f irst p lace (Figure 11); 

5. A ve r teb ra w i t h ex tens ive Schmor l 's nodes, 
as seen in ve r tebral o s t e o p h y t o s is ( D e g e n e r-
at ive D isc Disease,- S c h m o rl & J u n g h a n n s, 
1959,- Rogers & W a l d r o n, 1995),- t he 'nodes' 
are d isc re te i nden ta t i ons, s o m e t i m es ex tend-
ing pos te r io r ly in to t he ver tebral canal,- t h ey 
rema in a f ter he rn ia t i on of d isc mater ial 
t h r o u gh t he ca r t i l ag inous e n d p l a te in to t he 
b o ny e n d p l a te (Schmorl a nd J u n g h a n n s, 
1959); t h ey do n ot h a ve t he regular, u n i f o rm 
a nd d i f fuse sp read out a p p e a r a n ce of a 
p o r o t ic su r face r e m a i n i ng f r om r e p l a c e m e nt 
of a h a e m a t o ma a f ter a d isc b o nd injury,-

6. A ' l imbus ver tebra ', resu l t ing f rom a severe 
h e r n i a t i on of d isc mater ial i n to t he endp la te, 
just b e h i nd an in tact a nd n ot an te r io r ly 

Figure 11. Inferior view of vertebrae T8 and 9 of the same 
individual. Scheuermann's kyphosis with anterior extension of 
the bodies 'outside' the annular rings and accompanying 
Schmorl's noduli. From this position the wedging of the verte-
bral bodies can not be seen. 

d isp laced annu lar ep iphys is ( G r e e n s p a n, 
1988),- on f irst i nspec t i on t he l imbus looks 
l ik e a b o w - s h a p e d' an te ro - supe r i or b o r d er 
resu l t ing f r om an avuls ion d u r i ng y o u t h, but 
i t is n ot an te r io r ly d i sp laced (Figure 12),-

7. A ve r t eb ra in w h i ch a o ne of t he rad ia t ing 
b r a n c h es of t he p e r i c h o n d r i a! vessels in-
vo l ved in t he oss i f i ca t ion of t he annu lar 
ep iphys is has r e m a i n ed i n to a d u l t h o od 
( T o n d u ry & The i l e r, 1990),- i t m ay be f ound 
as a t r i bu ta ry of o ne of t he large t o r t uous 
c h a n n e ls (s inusoids) of t he bas iver tebral 
veins,- it runs f r om ins ide t he ver tebral 
b o dy over a sho rt d i s tance in t he p lane of 
t he endplate,- in add i t i on to its in ter ior 
c o n n e c t i on it m ay h a ve a d i rect accessory 

Figure 12. Inferior view of vertebrae T12 and L1 of the same 
individual. 'Limbus vertebra' resulting from herniation of disc 
material into the endplate just behind an intact and not anteri-
orly displaced annular epiphysis. 
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c o n n e c t i on w i t h t he v e n o us p lexus of t he 

ver tebral canal,- th is anas tomos is is add i-

t ional to t he usual d ra i nage of t he o f t en 

d o u b le bas iver tebral ve ins t h r o u gh t he ir 

f o ram ina in t he dorsal wall of t he ver tebral 

body,-

8. A ve r t eb ra w i t h b o ny o u t g r o w t hs a l o ng 

t he an te r i or b o r d er of its b o dy (marg inal 

o s t e o p h y t e s) as a result of ear ly ve r tebral 

os teophy tos i s, D I SH or se ronega t i ve 

a r t h r o p a t h i es (von Bech te rew 's d isease, Reit-

er's s y n d r o m e, psor ia t ic arthritis),- all t hese 

a f f l i c t ions m ay g ive p s e u d o - ' b ow s h a p ed 

b o r d e rs and p s e u d o - ' t e a r d r op osteophytes ' ,-

t h ey wil l n ot p r o d u ce an te r i or d i s p l a c e m e nt 

of t he annu lar ep iphys is, n or wil l t h ey p ro-

d u ce ana tom ical d i scon t inu i t i es as seen in 

case of a h e a l ed fracture,-

9. A ve r t eb ra w i t h a coa rse p i t t ed e n d p l a te as a 

result of ve r tebral o s t e o p h y t o s is ( D e g e n e r a-

t iv e D isc Disease),- in t h e se cases t he p i t t i ng 

is ve ry i r regular, o f t en s h o w i ng reac t ive 

b o ne g r o w t h, and is a lmost a lways a c c o m p a-

n ied by marg inal o s t e o p h y t es (Rogers & 

W a l d r o n, 1995),- it d o es n ot s h ow t he typ i-

cal (part ial or c o m p l e t e) regu lar u n i f o rm 

p o r o t ic e n d p l a te c h a n g es r e p r e s e n t i ng a re-

p laced h a e m a t o m a. 

In t h e o r y, t he f r e q u e n cy of avu ls ion in jur ies 

of t he sp ine cou ld be used as a p a r a m e t er for 

t he l iabi l i t y of a p o p u l a t i on to c o n t r a ct m e c h a n-

ical in jur ies. H o w e v e r, in p rac t i ce, we e x p e ct 

t hat t he usual p o or in tact survival of h u m an 

ver tebral c o l u m ns o r i g i na t i ng f r om a rchaeo log i-

cal excava t ions wil l h a m p er its ep idemio log i cal 

use in most co l lec t ions. Neve r the less, as s h o wn 

in our co l lec t ions, its r a ther h i gh o c c u r r e n ce in 

an 'average' p o p u l a t i on m a k es it a va luab le d iag-

nos is at t he ind iv idual level. 
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