
of August 10, 2025.
This information is current as

Vertebral Osteomyelitis: Disk Hypodensity on CT

D. Lardé, D. Mathieu, J. Frija, A. Gaston and N. Vasile

http://www.ajnr.org/content/3/6/657
1982, 3 (6) 657-661AJNR Am J Neuroradiol 

http://www.ajnr.org/cgi/adclick/?ad=57975&adclick=true&url=https%3A%2F%2Fmrkt.us-marketing.fresenius-kabi.com%2Fajn1872x240_august2025
http://www.ajnr.org/content/3/6/657


D. Larde' 
D. Mathieu 

J. Frija 
A. Gaston 

N. Vasile 

This article appears in the November 1982 
issue of AJR and the November / December 1982 
issue of AJNR. 

Received December 22. 1981; accepted after 
revision June 23. 1982 . 

, All authors: Department of Diag nostic Radiol­
ogy. Hopital Henri Mondor. 5 1 ave du Mano\chal 
de Lattre de Tassigny. 94010 Creteil Cedex, 
Paris. France. Add ress reprint requesls to D. 
Larde. 

AJNR 3 :657-661 , November/ December 1982 
01 95- 6 108 / 82 / 0306- 0657 $00.00 
© American Roentgen Ray Society 

657 

Vertebral Osteomyelitis: Disk 
Hypodensity on CT 

The importance and role of computed tomography (CT) are discussed on the basis 
of 36 cases of vertebral osteomyelitis. The bone images themselves, the detect ion of 
lumbar disk hypodensity , and the exploration of soft paraspinal regions in t he search 
for an abscess are factors that contribute to the superiority of this method in difficult 
cases. In cases where the diagnosis is already known , CT offers an excellen t method 
to assess the extent of the lesions. Its accuracy, coupled with its rapidity and nonin­
vasive nature, affects the role of conventional tomography , a method tha t is incomplete 
and involves higher radiat ion doses. CT offers an excellent method for follow-up after 
treatment of vertebral osteomyelitis. 

Spinal osteomyeliti s , both tubercular and pyogen ic , is seen with some fre­
quency in France where there is a large Afri can immig rant population. Treatment 
is often exclusively medical, and it is effective only if diag nosis and identificat ion 
of the causative organism are rapid ly obtained, permitt ing prompt antibiotic 
therapy . The diagnosis of spinal osteomyeliti s is most often based on the cli nical 
findings and suggestive radiolog ic appearances. Nevertheless , the long delay 
between the development of anatomic lesions and their appearance on conven­
ti onal rad iographs, as well as the possib il ity of atypica l f ind ings, led us to 
investi gate the contribution of early computed tomography (CT) to the diagnosis. 
At the lumbar leve l, one of the diag nostic sig ns that emerged was disk hypo­
density ; to our knowledge , th is has not been previously reported . In addition, 
vi sualization of spinal abscesses and accurate monitorin g of bone involvement 
represent additional contributions of this radiologic method . 

Materials and Methods 

During a 3 year period , 36 cases of spinal osteomyeli tis were studied . Mean pati ent age 
was 42 ± 5 years with a range of 10-72 years. Twenty-e ight examinations were perform ed 
as part of the initial d iagnostic workup of the disease, inc lud ing 14 lumbar localizations, 12 
dorsal and two cervica l. Criteria for the final diagnosis inc luded appropriate c linica l history, 
posi ti ve blood cultu re or positi ve disk / bone aspirate, and subsequent radiog raphic 
changes. Of these 28 cases, 12 were tuberculous (80% occurring in African subjects) and 
nine originated from Staphylococcus infec tions . 

CT was performed fo r two different reasons: (1) for nine patients, the diagnosiS of spin al 
osteomyelit is was unknown and CT was used as a primary d iagnostic tool and, (2) in 19 
cases , the rad iolog ic d iagnosiS of spinal osteomyelitis was determined by conventional 
means and CT was used to assess the extent of the lesions, search for abscesses, and 
evaluate the posterior vertebral elements. In add ition , eight CT examinations were per­
formed for follow-up of known osteomyeli tis or to evaluate a c lin ica lly suspected recurrence. 

CT was performed with a Somatom Siemens SO with 4 .5 sec scan time and instantaneous 
image reconstruction . The cortica l and spongy vertebral bone and the intra- and paraspin al 
soft parts were successively analyzed . At the lumbar level, di sk density was measured in 
th e plane of an ideal sect ion passing through the tota lity of the disk . All scans were thu s 
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obtained using contiguous 4 mm sect ions to avoid the effects of 
partial volume density increase caused by the vertebral end plates. 
We stud ied 80 normal subjects to estimate the normal density 
va lues of the lumbar disk and determined it at 73 ± 13 Hounsfield 
units (H) on a scale of 1000 H. At dorsal and cervical levels, the 
disk is too thin to allow any reliable density measurements. Most 
examinat ions were performed in two steps before and after the 
injection of a bolus of urographic contrast material (Telebrix 38, 
ioxitalamate meglumine and ioxitalamate sodium). 

Results 

Lumbar 

Among the 14 lumbar localizations, CT was performed for 
primary diagnosis in four cases. In three of these , the 
diagnosis was determined by the finding of a hypodense 
disk (38 ± 2 H), whereas plain films showed only disk space 
narrowing. In all cases, disk hypodensity was associated 
with vertebral osteolytic lesions. In one case, disk density 
was normal in a instance of pure spondylitis in which the 
vertebral osteolytic lesions were revealed by CT (case 2). In 
these four cases, CT was also highly contributive to the 
diagnosis by the demonstration of extraspinal abscesses 
(four cases) and intraspinal abscesses (one case). 

In 10 of 14 cases, the diagnosis of lumbar osteomyelitis 
was known or very probable on the basis of conventional 
plain films. CT appeared to be contributive to the examina­
tion of lesion spread by showing the existence of paraspinal 
abscesses in six cases and epidural extension in two cases. 
The analysis of bone lesions supplied no additional infor­
mation . On the other hand, in nine cases, disk hypodensity 
could be found in the range of 30-45 H. This did not 
correlate with the specific organism. In the last case, no 
reliable disk measurement could be performed, the sections 
not being joined sufficiently. 

Dorsal 

Twelve dorsal localizations were explored with CT, and 
unique information was disclosed in four cases. These in­
c luded demonstration of gas within an osteolytic focus (case 
3) or reparative lesions invisible on standard films. In one 
case, osteomyelitis was fortuitously discovered during the 
workup of an osteitis of the sternum. In these four cases, 
there was a paraspinal abscess, however, this was already 
well seen on the anteroposterior view of the dorsal spine. 
CT analysis of disk density could not be satisfactorily per­
formed in the thoracic spine because of partial volume effect 
in the narrow structure. 

In the other eight cases of dorsal osteomyelitis, CT was 
performed to assess extension. In six cases, the examina­
tion furnished no additional information . Paraspinal ab­
scesses existed in all the cases but had been seen on 
standard radiographs. In one case, CT showed a small 
epidural extension of the collection. In the last case there 
was involvement of the posterior arch, invisible on conven­
tional radiographs. 

Cervical 

Only two cervical localizations were studied with CT. In 
one case, no additional information was provided. In the 

other, in which the infectious process (actinomycosis) was 
situated at C1-C2, CT determined the exact extent of bone 
soft-tissue lesions. 

Eight CT examinations were performed for follow-up of 
discovertebrallesions. In three cases, they were routine and 
comparative examinations, performed about 3 months after 
the first CT workup. In one case, unexpected extension of 
the osseous and soft-tissue lesions was encountered . In 
four cases, CT was indicated to confirm a clinically sus­
pected recurrence. In two cases, an abscess was demon­
strated. Two examinations were normal, and in one of them 
the demonstration of fatty tissue within vertebral body 
punched-out lesions led to the conclusion that they were 
inactive residua . Finally , in one observation, CT showed a 
narrow spinal canal complicating Pott disease related to 
vertebral block with dorsal kyphosis. 

Representative Case Reports 

Case 1 

A 24-year-old man had a spiking fever for 3 weeks and lumbar 
pain . Erythrocyte sedimentation rate was 130 mm. The spinous 
process of L4 was tender to palpation . RadiOisotope bone scan was 
negative. Conventional films showed a moderate narrowing of the 
L4-L5 disk space with no major alteration of the vertebral end 
plates (fig . 1 A). CT showed osteolytic changes of L4 and L5 (figs. 
18 and 1 C) abscess of the right psoas muscle, and swelling in the 
right paraspinal muscular masses at L4 and L5 (fig . 18). Disk 
density of L4-L5 was decreased at 38 H (fig . 1 D), and L3-L4 
density was normal at 70 H. Puncture of the posterior abscess, 
guided by sonography, led to isolation of Staphylococcus. Antio­
biotic treatment was rapidly positive with disappearance of fever 
and pain and return of the sedimentation rate to normal. 

Case 2 

A 24-year-old previously healthy man from Gabon was hospital­
ized for weight loss and low-grade fever. Cervical adenopathy had 
been present for 1 month , along with nonradiating low back pain. 
Examination revealed sacral tenderness and stiffness of the lumbar 
spine . Erythrocyte sedimentation rate was 75 mm . 

Radiography showed possible minimal narrowing of the L4-L5 
disk (fig . 2A), small spurs at L4-L5 and L3-L4 , and minimal erosion 
of the left sacroiliac articulation . CT showed significant osteolytic 
changes of L4 and L5 (fig. 28), spurs (fig. 2C) and suppurative 
collect ions in the prevertebral and presacral regions eroding the 
sacrum (fig . 20) . Disk densities of L3-L4 and L4-L5 were normal. 

Needle biopsy culture confirmed the presence of Mycobacterium 
tuberculosis and antituberculosis treatment was started. His general 
state of health rapidly improved. Two months after the beginning of 
treatment, the erythrocyte sedimentation rate was 15 mm . 

Followup CT 6 months later showed regression of the presacral 
abscess and consolidation of the discovertebral recon struction 
lesions. Osteosclerosis and interbody bony spurs were present. 

Case 3 

A 66-year-old man had a spiking fever and dorsal pain for 3 
weeks . He was suffering from Addison disease and had been 
treated for 2 years. Clinical examination was normal , except for a 
small dorsal kyphosis. Sedimentation rate was elevated at 45 mm . 
Rad iographs and tomograms of the dorsal spine showed a marked 
anterior wedge-shaped collapse of T7 with a small osteolytic lesion 
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Fig . 1.- Case 1. Osteomyelitis. 
L4-L5 (Staphylococcus). A. Lateral 
view of lumbar spine. L4-L5 narrowing 
without visible bone destruction. B . 
Erosion of L5 posteri or margin. Enlarg e­
ment of right psoas muscle and swelling 
of posterior muscle masses with erosion 
of ri ght lamina. C . Osteolysis of inferior 
vertebral end plate of L4 (result ing from 
mechanism of spread of infectious proc­
ess). D. Disk hypodensity (d = 38 H). 

c 
of T8 . Narrowing of T7 - T8 disk was questionable . There was also 
paraspinal swelling, especially wel l visible anteriorly on lateral views 
(fig .3A) 

The CT examinat ion surpri sing ly revealed several small gas col­
lec tions within the osteolytic lesions (fig . 38) . Th e presence of a 
swelling of the soft parts suggested the diagnosis of osteomyelit is. 
Surgery of the lesions confirmed tuberculosis . 

Discussion 

Vertebral osteomyelitis initiated by direct extens ion is 
rare, and, in most cases, the bone is involved by hematog­
enous spread of organisms [2-7] . The first site of infection 
is the bone ad jacent to the cartilage, a highly vascular ized 
region [8-10]. This is well seen with CT at an early stage, 
when destructive lesions appear localized at this end plate 
(fig. 1 C). The infectious process can remain localized at the 
vertebral body (fig . 2) , but it usuall y involves the disk sec­
ondarily. This resu lts in a narrowed intervertebral disk 
space, detectable rad iographically 3-4 weeks after the ini­
tial septicemic phase. 

The finding of disk hypodensity in the lumbar region is of 
particular interest, and would seem to relate directly to the 
abscess process. There is a potential error risk in disk 

D 

density measurements, however, because of the thickness 
of the structure studied relative to the thickness of the CT 
section (4 mm). Because of the partial volume effect , the 
risk wou ld be to erroneously overestimate the measurement, 
thereby resulting in a false-negative interpretation . 

We have never had a false-negative finding because the 
thickness of lumbar disk is suff ic ient to avoid any error using 
contiguous th in sections. Thi s is not true at a more cephalic 
level or when the disk is completely destroyed. This disk 
hypodensity in three cases permitted diagnosis of an early 
osteomyelitis . In nine other cases in which the basic diag­
nosis was evident by plain film s, we encountered disk hy­
podensity . 

This hypodensity appears to be relatively specif ic, since 
we have never encountered it in any other pathology, es­
pecially degenerative in which density remains unchanged. 
In one patient with Hodgkin disease, this sig n enabled us to 
reject the possibility of infect ious process in favor of other 
discovertebral pathology. Surgery confirmed a focus of 
Hodgkin disease (fig. 4) . In three other cases for which 
clinical context and radiography suggested an infectious 
process , the absence of disk hypodensity led to consider­
ation of other pathologies (two intervetebral osteochon­
drosis, one metastas is). 
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Disk hypodensity could not be demonstrated in two os­
teomyelitis cases. In one case, reliable measurements were 
not possible since the sections had not passed through the 
disk material. In another instance (Case 2), there was mul­
tifocal tuberculous spondylitis without disk involvement. Ra­
diologic follow-up 3 months later showed preservation of 
intervertebral spaces. CT appears to be very accurate in 
detecting intra- and extraspinal collections and in defining 
their limits. The administration of intravenous urographic 
contrast material can outline more clearly the hypodense 
areas corresponding to purulent collections within diffuse 
swelling of paravertebral muscles. Combining this with in­
jection of any fistulous tracts may furnish additional infor­
mation , especially for a preoperative workup. 

The CT method is less useful at the level of the dorsal 
spine. Intervertebral disk measurements failed , probably 
because of the relative thinness of the disks. Demonstration 
of gas collections and reparative lesions may be decisive, 
but this circumstance remains exceptional. Similarly , CT is 
not needed for detection of soft-tissue extension at the 
dorsal spine level since the position of the paraspinal pleural 
refl ection lines furnish a good landmark for detecting this 

Fig. 2.-Case 2. Tuberculous spon­
dylitis. A , Lateral view. Suspicion of min­
imal L4-L5 disk narrowing . B, Vertebral 
body osteolysis, espec ially visible on leW 
anterolateral part of L4. C, Left L4-L5 
interbody spur (arrow). Normal disk den­
sity (75 H). D, Paraspinal abscess with 
bulky presacral collection, osteolysis of 
sacrum, and displacement of sigmoid 
and bladder anteriorly. 

on conventional radiographs. Finally , the search for intra­
spinal abscesses remains fairly difficult without the injection 
of contrast media in the subarachnoid spaces. This is due 
to the paucity of epidural fat at the dorsal level, which is the 
natural contrast medium of the spinal canal. The problem at 
the cervical level is similar to that at the dorsal level. An 
exception would be the cervico-occipital joint, where CT 
may be useful for the study of bone lesions and the spread 
of purulent collections. 

Among the 28 spinal osteomyelitis cases studied at initial 
stages of the disease, the presence of an abscess was 
visualized in 24 cases with four epidural extensions (fig . 5). 
Thirteen of the cases were of pyogenic, nontuberculous 
etiologies. The radiographic criteria of Murray and Jacobson 
[11], in which the presence of large paraspinal masses is 
more frequent in tuberculous lesions than in pyogenic os­
teomyelitis, may now have to be modified. 

In three observations, CT showed the suggestive pres­
ence of gas collections within the abscess. Jeffrey et al. [1 2] 
found this sign in one of nine cases involving pyogenic 
abscesses of the psoas muscle. The demonstration of gas 
within the osteolytic focus itself appears to be much more 
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Fig . 3 .-Case 3. Tuberculous osteo­
myelitis . A , Laleral tomographi c secti on. 
Anterior wedge-shaped collapse of T7. 
Discrete osteolylic lesion o f T8 . Swelling 
o f an teri or prevertebral soft tissues. B , 
CT scan (T8 - Tn small gaseous co llec­
tion within discovertebral osteolyt ic le­
sions (arrow) . (8 01h pictures reprinted 
from [1 ].) 

A B 

A B 
Fig . 4 .- Spinal loca lization of Hodgkin disease. A , Lateral tomogram. Osteolytic lesion of inferior 

part of ve rtebral body of L3 with erosion opposi te ve rtebral end plate. Significant narrowing of disk 
L3-L4 . B , CT sec tion centered on lower ve rtebral end plate of L3. Cortical disruption and spread of 
pathologic process to righ t psoas musc le. Disk density measured on lower section was normal (d = 
70 H). 

Fig . 5. -Large abscesses of both psoas with 
peripheral ca lcifications (tu berculous osteomyelitis). 
Disc rete anterior epidu ral extension opposite dis­
covertebral lesions. 

exceptional [13]. Its discovery is consistent with the diag­
nosis of osteomyelitis, as in our case 3 (fig. 3). 

In the follow-up of the spinal osteomyelitis, CT is most 
often requested when recurrence or complication of the 
infectious process is suspected months or years after the 
initial episode. In two cases, CT enabled us to prove the 
existence of suppurative collections located some distance 
from the primary focus . In one case , CT eliminated concern 
over an intraosseous punched-out lesion in the vertebral 
body by showing that it contained fat. Finally , in the more 
general context of secondarily narrowed spinal canals, CT 
offers the ideal imaging plane for investigation. 

REFERENCES 

1. Larde D, Mathieu D, Frija J, Gaston A, Vasile N. Spinal vacuum 
phenomenon: CT diagnosis and significance. J Comput Assis t 
Tomogr 1982;6:671-676 

2. Digby JM , Kersley JB. Pyogenic non tubercu lous spinal infec­
tion . An analysis of thirty cases. J Bone Joint Surg [Br] 
1979;61 :47-55 

3. Bonfiglio M, Lange TA , Kim YM . Pyogenic vertebra l osteomye-

litis. Disk space infections. Clin Orthop 1973;96 : 234-237 
4 . Garc ia A Jr , Grantham SA. Hematogenous pyogenic vertebral 

osteomyelitis. J Bone Joint Surg [Am] 1960;42 : 479-480 
5 . Kemp HBS , Jackson JW, Jeremiah JD, Hall AJ . Pyogenic 

infections occurring primarily in intervertebral discs . J Bone 
Joint Surg [Br] 1973 ;55 : 698- 714 

6 . Griffiths H, Jones DM . Pyogenic infection of the spine. J Bone 
Joint Surg [Br] 1971 ;53 : 383- 39 1 

7. Menelaus MB . Discitis. J Bone Joint Surg [Br] 1964;46 : 16-23 
8. Waldvogel FA , Medoff G, Scwartz MN . Osteomyelitis: a review 

of c linica l features. Th erapeuti c considerations and unvoval 
aspects. N Eng J Med 1970;282: 316- 322 

9. Waldvogel FA . Osteomyeli tis : the last decade. N Engl J Med 
1980; 1 4 : 360-370 

10. Wiley AM , Trueta J. The vascular anatomy of the spine and its 
relation ship to pyoge nic vertebral osteomyelitis. J Bone Joint 
Surg [Br] 1959;41 : 796- 809 

11 . Murray RO, Jacobson HG . The radiology of skeletal disorders: 
exercises in diagnosis. Edinburgh: Churchill , Livingstone , 
1977 : 400-406 

12. Jeffrey AB , Callen PW, Federle MP. CT of psoas abscesses . J 
Comput Assist Tomogr 1980;4: 639-641 

13. Pate D, Katz A. Clostridia discitis: a case report. Arthritis 
Rheum 1979;22 : 1039-1040 


