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Abstract Purpose. A retrospective 
study was carried out in order  to de- 
termine the role of sonography in 
establishing the diagnosis in ex- 
tremity osteomyelitis. 
Materials and methods. The imaging 
documents of 24 infants and chil- 
dren aged from 2 weeks to 13 years 
with osteomyelitis (acute 21, chron- 
ic 3) were reviewed. Sonograms and 
conventional  radiographs were 
available in all patients. Addit ional  
skeletal scintigraphy had been per- 
formed in 13 patients and MRI  in 
only 3. Special emphasis was put on 
the different ultrasound findings and 
their onset in the course of disease. 
Results. Intra-articular fluid collec- 
tions (in 15 cases) and/or subperi- 
osteal abscess formation (in 12) 
were the most frequent  early sono- 

graphic findings, and preceded any 
radiographic changes by several 
days in 11 of these cases. Together  
with positive clinical signs of in- 
flammation, they were usually suffi- 
cient to establish the correct  diag- 
nosis. In selected cases, fluid or ab- 
scess puncture for immediate  mi- 
croscopic and later bacteriological 
studies was carried out under sono- 
graphic control. In addition, sonog- 
raphy was also able to detect super- 
ficial cortical erosion and even an 
intramedullary focus in a very young 
patient. 
Conclusion. Ultrasonography is a 
very helpful tool for establishing the 
correct  diagnosis in osteomyelitis 
and reducing the frequency of addi- 
tional imaging studies. 

Introduction 

The sites of predilection for osteomyelitis in infants and 
children are the growth-intensive end regions of the 
long bones. Not  infrequently, the inflammatory process 
also affects the articular region adjacent to these meta- 
and epiphyseal sites. The course in the overwhelming 
majority of infants and children in particular is acute 
and purulent,  the bacterial pathogens being few and typ- 
ical. The percentage of subacute and primarily chronic, 
as well as atypical forms with a more variable bacterial 
and viral spectrum increases as the children grow older. 

The imaging documentat ion above all of the early or 
earliest phase of the disease has been greatly enriched 
within the last 20 years. The tools now available include 
scintigraphy [1, 2], via computed tomography [3], and 

magnetic resonance imaging (MRI) [4, 5]. In view of 
the still limited number  of reports on ultrasound in this 
field [6-15], it seemed interesting, as well as important  
to determine the value of sonography especially in es- 
tablishing the diagnosis of osteomyelitis in the limbs of 
infants and children within the framework of a clinical 
study. 

Materials and methods 

The medical records and imaging documentation of 24 infants and 
children with osteomyelitis during a period of 7 years and 
10 months were analyzed retrospectively. The study group con- 
sisted of 16 boys and 8 girls with a mean age of 4 years (2 weeks 
to 13 years). With one exception (clavicle), the disease was located 
in one of the limbs (Table 1). The course of the osteomyelitis was 
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Table 1 Skeletal distribution of osteomyelitis in 24 infants and 
children 

Site Number of cases 

Femur (n = 14) 
Proximal 11 
Distal 3 

Humerus (n = 5) 
Proximal 4 
Distal 1 

Tibia (n = 2) 
Distal 2 

Clavicle 1 

Metatarsal 1 

Toe 1 

acute in 21 children and more chronic in the others. The diagnosis 
was confirmed by puncture of the effusion in the simultaneously 
affected joint or of the subperiosteal abscess in seven patients, in 
the course of a local surgical procedure in six and by a positive 
blood culture in another five. Diagnosis and therapy in the other 
cases were based solely on the results of clinical, biochemical and 
imaging examinations. 

Scintigraphy and MRI 

Skeletal 99mTc scintigrams were available in 13 children. They had 
been performed as part of the initial diagnostic work-up in seven 
of them. In the others they had been employed only to monitor 
the local activity at a later stage of the disease. MRI was available 
in only three patients. In one it had been performed for comple- 
mentary primary clarification of the diagnosis, and otherwise for 
exact determination of the local spread of the inflammatory chan- 
ges either initially or in the course of treatment. 

Diagnosis 

The above-mentioned imaging methods were not always per- 
formed in the same sequence or at exactly the same stage of the 
disease in individual patients. Their respective use also varied 
from the start to the end of the evaluation period. In the case of 
sonography and conventional radiography, however, these differ- 
ences were not so great that they precluded a systematic compari- 
son of the results. On the basis of the small number of examina- 
tions available we were not able to compare the scintigraphic and 
MRI documents with respect to ultrasound. So, the main aim of 
this study was a thorough analysis of the nature, severity and tim- 
ing of the sonographic findings and their importance in particular 
as regards the diagnosis. 

Imaging 

Ultrasonography 

As part of the diagnostic imaging work-up in all patients, repeat ul- 
trasound studies were done at the start of their hospital stay and in 
the further course of the disease. All examinations followed a strict 
protocol by evaluating the whole circumference of the soft-tissue 
and bone segment localized by clinical symptoms (pain, swelling, 
reddening) as completely as possible. Scanning always was per- 
formed in sagittal and transverse sections. All sonograms were ob- 
tained with 7.5- or 7-MHz linear transducers (RT 3600, General 
Electric Milwaukee, Wis., or Acuson 128 XR Mountain View, Ca- 
lif.). In cases in which the process lay very close to the transducer 
(e. g. in the distal tibia or clavicle), a so-called water lead was also 
used, in order to document the uppermost superficial soft-tissue 
structures as well. 

Constellations with respect to the number and time point of the 
ultrasound studies were as follows: five children underwent only 
one sonographic examination. Up to five studies were performed 
in all the other patients, most of them within the 1st week but at 
the latest i month after the start of diagnostic imaging. In 20 chil- 
dren, the initial ultrasound examination was performed within 
24 h after the patient's admission to the hospital. In the other four 
(all from the early evaluation period), it was performed later in 
the course of the disease. 

Plain radiography 

Plain radiographs were likewise available for all patients. Films 
documenting the local course of the disease existed in all cases, 
and films made at the time of admission were also available in 
most. In individual patients with a typical ultrasound finding and 
a positive puncture result, we were able to dispense with a simulta- 
neous complementary radiographic examination at the end of the 
evaluation period and, in fact, postpone it till a later date. 

Results 

The  fo l lowing  cons t e l l a t i ons  we re  f o u n d  wi th  r e spec t  to  
the  t e m p o r a l  s e q u e n c e  of  p r i m a r y  s o n o g r a p h i c  and  ra-  
d i o g r a p h i c  imaging:  in on ly  seven  pa t i en t s  d id  the  da t e  
of  in i t ia l  p l a in  r a d i o g r a p h y  p r e c e d e  tha t  o f  sonography .  
A l l  of  t he se  cases  o c c u r r e d  in t he  ea r ly  pa r t  of  the  eva lua -  
t ion  pe r iod .  In  all  o thers ,  the  u l t r a s o u n d  s tudies  we re  per-  
f o r m e d  b e f o r e  r a d i o g r a p h y  - in 10 pa t i en t s  ea r l i e r  on  the  
s ame  d a y  and  in the  r e m a i n d e r  one  to 19 days  ear l ier .  

In  seven  of  the  s t ud i e d  pa t ien ts ,  the  first  p la in  r ad io -  
g raphs  d i s p l a y e d  no  p a t h o l o g i c a l  f indings  at  all. Sonog-  
r a p h y  p e r f o r m e d  e i t he r  on  the  s a m e  day  (n = 5) or  on ly  
1 to  2 days  l a t e r  i nva r i a b ly  r e v e a l e d  a consp icuous  
change  c o r r e s p o n d i n g  to  h y p e r e c h o g e n i c  a r t i cu l a r  effu- 
s ion  in one  case  a n d / o r  to  fu r the r  changes  ( d e s c r i b e d  in 
de ta i l  be low)  even  m o r e  c lea r ly  ind ica t ive  of  an  in f lam-  
m a t o r y  osseous  p roces s  in the  others .  Cha rac t e r i s t i c  ra-  
d i o g r a p h i c  changes  we re  s u b s e q u e n t l y  seen  at  la te r ,  dif- 
f e ren t  t imes  (9 days  to  2 m o n t h s )  in five of  these  pa-  
t ients .  In  the  o the r s  who  had  cl inical ,  s o n o g r a p h i c  and  
sc in t ig raph ic  c o n f i r m a t i o n  of  the  diagnosis ,  r e p e a t  ra-  
d i o g r a p h i c  e x a m i n a t i o n s  r e m a i n e d  nega t ive .  

W i t h  one  excep t ion ,  u l t r a s o u n d  cons i s t en t ly  r e v e a l e d  
p a t h o l o g i c a l  changes .  In  this  one  case,  s o n o g r a p h y  was 
p e r f o r m e d  on ly  once  and  in the  in i t ia l  phase  of  the  dis- 
ease.  R a d i o g r a p h y  p e r f o r m e d  at  the  s a m e  t ime  was 
also nega t ive .  A pos i t ive  i m a g i n g  resu l t  was o b t a i n e d  
2 days  l a t e r  b y  m e a n s  of  a r a d i o n u c l i d e  study. 

The  e v a l u a t e d  s p e c t r u m  of  s o n o g r a p h i c  changes  cov- 
e r e d  the  fo l lowing  anomal i e s :  the  c o m m o n e s t  in i t ia l  
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Fig.la-c Acute osteomyelitis 
in the distal tibia of a 13-year- 
old boy. a Initial longitudinal 
sonograms of the distal lower 
leg on the day of admission 
(left, affected leg; right, healthy 
leg for comparison) showing a 
hypoechogenic area along the 
surface of the distal tibia (ar- 
rows) expanding into the ankle 
region and representing subpe- 
riosteal abscess formation 
(proven by aspiration) and ar- 
ticular effusion. There is addi- 
tional cortical erosion (open ar- 
row). b Plain radiograph (same 
day) showing discrete moth- 
eaten lytic area in the medial 
portion of the distal tibial 
metaphysis (arrows). c MRI 
scan (Tl-weighted) 7 days later 
showing diffuse diminished sig- 
nal intensity of the complete 
distal tibia 

findings (n = 20) were intra-articular collections of fluid 
(n = 15; Fig. 1) - hypoechogenic  in most  cases but hyper- 
echogenic in five - and/or spindle-shaped soft-tissue 
swelling along the bony surface (subperiosteal  abscess 
format ion  (n = 12; Fig. 2). In 11 cases, the sonographic 
findings preceded  the radiographic changes by several 
days (Fig. 3). Periosteal  reactions were demons t ra ted  in 
four children, in two of them at the initial examinat ion 
(Fig. 2). Ul t rasound even detected osseous cortical ero- 
sion in nine children (Fig. 4), albeit only in the course 
of imaging follow-up in four of them. Because there 
were only a few cases of chronic osteomyeli t is  (n = 3) 
in the study populat ion,  no useful compar ison with the 
acute forms was possible and also no definite differ- 

ences were demonst rable  for the constellation of pri- 
mary  sonographic findings. In two of these cases, how- 
ever, the initial sonogram already showed cortical ero- 
sion in the absence of other  changes elsewhere. 

Discussion 

Convent ional  radiography is still used as the s tandard 
imaging procedure  for the qualitative demonst ra t ion  of 
osseous changes. As regards osteomyelitis,  however,  it 
has been  known for a long t ime that at least 1 to 2 weeks 
must  pass f rom the onset of the disease before  local in- 
f l ammatory  destruction of the osseous tissue is demon-  



294 

Fig.2a, b Acute osteomyelitis in the distal femur of a 6-week-old 
boy. a Longitudinal sonograms on the day of admission (right, af- 
fected thigh; left, healthy side for comparison) demonstrating a 
massive predominantly hyperechogenic mass along the surface of 
the distal femur with elevation of the periosteum (arrows) and the 
adjacent soft tissues representing widespread subperiosteal abscess 
formation, b Plain radiograph (same day) showing localized lytic 
destruction of the distal femoral metaphysis and swelling of the ad- 
jacent soft-tissues 

strable [16]. Thus, radiography is unable to provide the 
early diagnosis on which the therapy depends. 

Radionuclide studies are able to demonstrate the lo- 
cal changes in the suspect part of the skeletal system 
(both in the blood pool and, above all, in the late uptake 
phase) a few days earlier [1, 2]. This is, however, bought 
at the expense of radiation exposure which, in a child's 
growing skeleton, weighs rather heavily, particularly in 
the region of the metaphyses with the adjacent growth 
cartilages. Although computed tomography can make 
an important contribution to the detailed visualization 
of osseous cortical and medullary structures, it is like- 
wise unable to provide an early diagnosis of osteomyeli- 
tis [3]. Moreover, it is also burdened with not inconsider- 
able radiation exposure. 

MRI with its ability to demonstrate the most minute 
changes not only in the soft tissues, but also, and most 
importantly, in the medullary region as well, allows de- 
piction of the vaso-edematous process in the early 
phase of inflammation even before the later involve- 
ment of osseous elements [3-5]. Consequently, it is cur- 
rently regarded as the most sensitive and - because it 
is devoid of ionizing rays - also the best imaging modal- 
ity for verifying osteomyelitis in its entirety just a few 
days after onset of the disease. The comprehensive use 
of MRI is, however, restricted even within the frame- 
work of osteomyelitis by the fact that MRI scanners 
are not available everywhere and at all times, and by 
the high organizational and material costs of such ex- 
aminations. 

For some years now, ultrasound has also been used to 
an ever increasing degree for the diagnosis of joint and 

soft-tissue changes [3, 6, 7, 10-12, 17]. In the meantime, 
the technique is able not only to demonstrate small 
amounts of effusion in the joints of the extremities, par- 
ticularly in the hip and knee, but also to visualize vari- 
ous changes of the soft-tissue structures of different ori- 
gin and consistency. In most cases, however, interpreta- 
tion of the sonographic findings is possible only in asso- 
ciation with the other clinical findings, since the images 
represent not the histology, but only boundary-surface 
phenomena. 

Continual technological development has led to 
high-resolution transducers, with which it is now also 
possible to demonstrate the soft-tissue region close to 
the bone and the surface of the bone itself in great de- 
tail, particularly in the extremities. Thus, sonography is 
now also able to detect early changes in inflammatory 
osseous processes as soon as they have spread beyond 
the level of cortical bone [8, 9, 14-16]. In acute hematog- 
enous osteomyelitis the changes are demonstrable just 1 
or 2 days after the onset of symptoms [15], albeit on con- 
dition that the sound can reach the affected area unim- 
peded by other structures. This condition is met for the 
greater part only in the extremities (including the hips), 
the ribs and the clavicle. For this reason, in the case of 
these sites, sonography is rapidly becoming a valid alter- 
native to the much more expensive method of MRI in 
the diagnostic imaging particularly of early changes in 
osteomyelitis. 

Our results as presented here illustrate the great val- 
ue of ultrasound not only as regards the initial detection 
of inflammatory bone disease, but also with respect to 
the therapeutic plan and the imaging follow-up. This is 
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Fig.3a-d Expanded acute osteomyelitis in meta- and diaphyseal 
parts of the humerus in a girl aged 12 years and 5 months, a Initial 
plain radiograph of the proximal right humerus without pathologi± 
cal changes, b Longitudinal sonogram of the proximal humerus 
(4 days later) showing an area of mixed hyper- and hypoechogenic 
character along the outer surface of the bone, with elevation of the 
periosteum expanding from the proximal physis down to the hu- 
meral diaphysis, i.e., subperiosteal abscess formation, c Skeletal 
99mTc scintigraphy (3 weeks later) demonstrating irregular dif- 
fusely increased uptake throughout the humerus, d Repeat plain 
radiograph (3 days later) showing widespread diffuse lytic osseous 
destruction reaching up to the distal shaft area where the a r r o w s  

indicate discrete lamellar periosteal reaction 

true primarily for the acute form of osteomyelitis, but 
also for more  chronic variants. The following constella- 
tions of ultrasound findings should be noted: 

1. The demonstrat ion of an articular effusion in a highly 
febrile child with clinically unequivocal signs of bacterial 
infection should prompt  local puncture. Microscopic ex- 
amination of the material obtained should clarify the sit- 
uation and, if a purulent  effusion is demonstrated,  should 
lead on to antibiotic therapy. At  this stage it will not be 
possible to distinguish between simple septic arthritis 
and joint involvement in osteomyelitis [17]. 
2. If, in addition, a hypo- to hyperechogenic change di- 
rectly contiguous with the bone surface and with dis- 
placement  of adjacent structures is demonstrable,  a sub- 
periosteal abscess should be considered. This then 
makes osteomyelitis an etiologic probability. In this situ- 
ation, too, local puncture of the affected soft-tissue re- 
gion is desirable - preferably under  sonographic control 
- in order  to confirm the diagnosis as quickly as possible 
and to identify the pathogen. 
3. In a somewhat  more advanced stage of the disease, it 
is not infrequently possible to demonstrate  superficial 
cortical bone defects or even periosteal reactions by 
means of sonography. The osseous origin of the disease 
is obvious in these cases. 
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Fig.4a, b Acute osteomyelitis of the proximal femur caused by an 
atypical Mycobacterium agent in a girl aged 5 years and 5 months. 
a Longitudinal sonograms of the ventral femoral neck region (left, 
affected femur; right, healthy side for comparison) demonstrating 
massive echogenic (purulent) hip joint effusion, echogenic syn- 
ovial broadening along the bony surface and marked superficial 
cortical defect (open arrows), b Plain radiograph (taken elsewhere 
4 days before admission) showing a distinct localized subcortical 
lytic area in medial parts of the femoral neck without complete cor- 
tical destruction or periosteal reaction (arrows) 

4. In young infants, with the relatively thin cortical layer 
of their long bones, it is even possible in exceptional 
cases for ultrasound to visualize the inflammatory focus 
directly in the medullary space. 
5. Sonography should be repeated a short t ime later if 
the initial examination is non-diagnostic in patients 
with definite signs of acute bacterial infection and addi- 
tional local symptoms (e. g., pain, tenderness, restricted 
articular f reedom) in an extremity, rib or clavicle. The 
effusion or even a subperiosteal abscess is often demon- 
strable just i day later. 

A knowledge of these constellations and increasing 
experience gave us the self-assurance to modify the 
diagnostic work-up specifically in our own patients. 
Instead of performing multiple parallel or even com- 
plementary imaging procedures, we have tended re- 
cently to ask for local puncture straight away. If this 

confirms the diagnosis of osteomyelitis beyond all 
doubt, then radiography can be postponed. The use 
of MRI  in children with osteomyelitis in the sites un- 
der discussion here  can be limited to those cases 
which remain undiagnosed. Scintigraphy should be re- 
sorted to as an alternative only when MRI  is not 
readily available or in cases with suspicion of polyos- 
totic osteomyelitis. There is no need at all for com- 
puted tomography. 

Sonography is also a valuable and conclusive method 
for monitoring regression of the articular and soft-tissue 
changes and the course of periosteal and/or superficial 
cortical structures during therapy. It goes without saying 
that comprehensive demonstrat ion of the overall - in- 
cluding medullary - bone changes remains a domain of 
plain radiography. However ,  ultrasound can reduce the 
number  of such ionizing examinations especially in the 
early course of osteomyelitis. 
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