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Abstract 
Aims Foot infections their scquelae are among thc rnost 
severe complications of diabetes As dia betic with foot 
dcvelop osteomyeliris may progress t.o ampucarion, early diagnosis of 
osteomyelitis is critical. 

Methods We the diagnostic values of labelled leucocyrc with 
Tc99m, magnetic resonance (MRI) and of 
bone rissue with histopathology, the definirivc diagnostic procedurc. 
Thirty-one dia betic with foot .lesi ons wcre enrolled in study and 
histopathological was in clinically 
suspected foot lesions of~ grade 3 according to the of Wagner. 

Results Bone specimens were obtained fo r 
Microbiology had a sensit iviry of 92% and of 60 %. 
leucocyte had a sensiti.vity of 9 l %, specificity of 67'X,, M Rl a 
sensitivity of 78%, specificicy of 60%. 

Conclusions Microbiological be as uscful as and less costly 
than orher diagnostic procedures and is the only which guide rhe 
choice of antibiotic 
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Foot infection, are of most frequem and ~evere 
plications of diabeces. Diaberic patiel1!'s fooc infections 

develop and progress to Many 
studies have demonstrated that foot infections are most 

cause of of the lower extre-
in diabetic patients f1-4J. The presence of osteomyelitis 

alters rhe to therapy and, the rarc of Jlll['ttt· 

ation is 121. Diabetes i~ the cause of 
osteopathy and the foot is rh e frequenrl} 

affected sire. Neuropathy, di,ea,c and in host 
predispose to foot infections nuke the diagnosi , 

and of more [ 1,4 ]. 
in the of osteomyeliris, first approach is 

cal examination. Not ali patients with foot infectio n 
are febrile cannot differentiare whether ; igns of 

are due co cellulitus or The sizr 
and the depth of the ski n as well as of ervthro..:y tc 
sedimentation rate (ESR) bave shown to be predictive of 
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presence of osteornyelitis [5,6]. However, a high ESR is not 
specific for 

The other procedures are imaging studies. 
abnormalities rdated to osteomyelitis are generally not evident 
on plain films J 0-20 days after [71. These X-ray 
changes rake longer to develop. Thus, in the diagnosis 
of acute invcstigators a 4-phase 
radionuclide bone scan coupled with labelled leucocyre 
and resonance (MRI) [7-10 J. Bone biopsy is 
the gold standard for rhe diagnosis of osteomyelitis, 

processed by borh histopathological and microbiological 
procedures [ 1,5,91. 

This study was perfonned to the role of labelled 
leucocyte scanning, MRl and microbiological procedures in 
the diagnosis of of foot in diabetic patients. 

Methods 
Thirry-one diabetic patiems with foot lesions were enrolled .in rhe 
study. Parients had cli.nicallv suspccted foot 2 grade 
3 accor<ling to the cla,sification of Wagner [ l lj. ln formed 
consent was obtained from ali patients. The size (2 2 crn2) and 
depth (2 2 cm) of the ulcer, C-reactive protein (CRP) levels. 
ESR and white blood celi (WBC) count were MRI (in 
28 patients) and/or 4-phase radionuclide bone scanning and la-
belled leucocyte (in 26 patients) were as 

first step of lnvasive diagnostic procedures 
wcre the second step. Histopathological exarnination was per-
formcd regardless of the presence of osteomyelitis according to 
IvtRJ and results. Bone ro 
topathological characteris tics werc obtained from all 
Bone t.issue was by surgical proccdures under aseptic 
conditions either debridement or 

Microbiological processing 

Microbiologica.l proccssing was in ali patient5. 
.Bone spcci men~ for anacrobic wcrc cultured in 
Schacdlcr agar and rhan placecl in :rn Bone 

for acrobic cu lturc we re proccssed in laboratory 
5% shecp blood agar, agar ancl Sabouraud 

agar. Al] acrobic and anacrobic platcs wcre incubatcd for 
24-48 at 35°C. Thc iclcntification of anacrobic bactcria was 

usiog An-ident Discs Code DD6® (Oxoicl Ltd, Bas-
ingstoke, UK). Acrobic isolates were thc Gram 
stain wcre identificd 
according to thc properties: dexrrosc, sucrosc ancl 
lactose fermentation, citrarc usage, motility, ureasc and 

ornithinc dccarboxylasc •activity and oxidasc 
wcrc according 

to rhe propcrtics: catalasc and reaction, 
coagulasc production, optochin. bacitracin and 

susceptibility. in media including 
bile esculinc and growth in rnedia inclucling 6.5% salinc 
solution. Thc antibioric susccptibility of spccies was 
using a disk-diffusion rest as in NCCLS and 
MlO0-Sl 1 il 2,131. Microbiological of 
was basccl on thc presence of bacreria in bonc-tissue culture. 

lmaging studies 

Magnetic resonance imaging 
MRI was on a Sicmcns Vision 1.5T 
Erlangen, Germany) using a knce coil. foot was immohilized 

a blankcr. Prccontrasr incluclcd 
spinecho (SE TR/TE: 547/13; FOW: 180; 256 x 256: 
slice thickness 4 ancl Tl sat (TR/TE: 893/13; FOW: 180: 
matrix 256 x 256, slice thickness 4 sequences in 
and axial orienration. Turbo inversion rccovcrv (TJRM 
TR/TE: 5349/71; FOW: 200: matrix 256 x 25h, sl ice 
4 mm) in sagittal orirntation was also obtained. Afrcr the 
tion of 0.1 gadolinium 
acid (Gd-DTPA), T l SE and Fl rat sat sequences in sagitral 
axial orientation were repeated. \Y/e signal 
on TlRM, low signal intens.ity on Tl and contmst 
enhancement as the definition of osteomyelitis. 

Radionuctide studies 
All were obta ined a Orbiter 

to a Pegasvs computcr (ADAC. Milpirns. CA, 
USA) equipped with collimator. Four-pha,e bone 
was performed using 740 MBq (20 
diphonate (MD P). lrnmediately after injecrion. Jynamic images 
of the feet (1 s/fra me) were for I min. The hlood-pool 
phase at 60 followed this for 5 s. 4 h, 500 000-
count static of feet (plamar, bteral medi,1! 
views) were obtained for 3P-l'v!DP. An 
for 50 000 counts wa, obtai ned 24 aftcr (4 P-MDP). 

Twenty-four later, WBC seans were nbtained. 
Thc labelling procedure of the leucocytcs was as follows: 6 
acid dextrose and 9 mi 6% werc 

into a 60-rnl sterile pla,tic Forty-fivc 
of the paricm's blood was withdrawn syringc 
gcn tly . -.rhe erythrocytes wcre allowcd to scttk for :rn-60 min . 
Leucocyte-platelet-rich was by drawing blood 
into a sterile vacuum tube for 1 O min J 50 g for 
lcucoc.ytc separation. werc labellcd with MBq 
( 3.5 (Hl'vlPAOJ 
(Ccrctcc; Little Chalfonr, UK), ar rnom 

for l0 and ccntrifugcd ar [50 gfor 5 rnin. 
labclled cclls wcrc in 5alinc 

4P-MDP ancl WBC seans wcrc considcred 
positive for thcre was an accurnu-

of lcucocytes in a zonc concordanr ,uca of up-
takc on bone scintigraphy. seans were considcrcd 
ncgativc for in presence of a accu·-

of leucocyrcs in a zonc not cnncordanr with thc arca 
of uptakc on bone (soft-tissuc or whcn 
no lcucocytc was (no infcction or 
ascptic ). 

Histopathology 

diagnosis of was based on 
presence of osteonecros is and infiltrarion with 

chronic cells such as or 
cclls. 
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Journal compilation © 2006 UK. 23 649 653 



Statistical analysis 

The sensitivity and spccificity rates of microbiological 
rion werc determined in 31 patients, of MRI in 28 parients and 
of in 26 patients. Posirive imaging or culrure re-
sults were classified as rrue positive (TP) or false posirive (FP) 
for if biopsy results wcre positivc or negative, 
respectively, whereas negarive imaging or culture results werc 
classified as rrue negarive (TN) or false negarive (FN) if biopsy 
results were negative or positive, respecrively. Sensitiviry 
was cakulated as (no.TP)/[(no.TP) + (no.FN)l, specificiry as 
(no.TN)/1 (no.TN) + (no.FP)J, positive predicrive va lue (PPV) as 
(no.TP)/[(no.'IP) + (no.FP) ], negative predictive (NPV) 
as (no.TN)/[(no.TN) + (no.FN)J. 

Results 
The characteristics of the 23 male (74%) and eight female 
(26%) parients were as follows: age (mean ± sn) 62 ± 8.8 years 
(range 40-77 years); duration of diabetes 16.8 ± 8.9 years (range 
1-35 years); duration of foot infection 3.6 ± 3 . 1 monrhs 
(range 0.5-12 monrhs); ESR 87 ± 25 (range 37-
120 CR.1' 7.17±5.66 mg/dl (range "J-25.3mg/dl); 
serum creatinine 121 ± 91.9 ftmol/1 (range 62-115 ~unol/1); 
WBC counr 11 022 ± 5131/mm 3 (range 5020-31 

J\ccor<ling to the classification of \Vagner, 11 patients 
(36%) had Grade 3, 15 patients (48%) had Grade 4 and five 
patienn, (16'Yo) had Grade 5 foot lesions. One of patients 
died due to septic shock during the follow-up period. 

(33%) was the most 
organism isolated from bone tissue and 
resistant Staphylucoccus ( MRSA) (24 % ) and Acineto-
/Jacter spp. (12%) were the other major Anaerobic 

yielded only spp. (3%). Forty-
seven were isolated from bone cultures and 
1.06 per case of osteornyelitis were identified 
(Table l). 

Bone MRI and bone rissue biopsy were 
plete<l in 24 Table 2 shows the of bone 

Tabk 1 Pathogcns isolatcd /rom bone rissuc culrurc 

Pathugcn 

Staphylococcus 

scnsitivc 
spp. 
spp. 

Coagulasc:--ncgntivc staphylococô 
rcsisrancc 

spp. 
coli 

spp. 

Total 

© 2006 The 

Bone tissuc 

ll 
9 

4 
1 
3 
2 

1 
33 

8 

2 
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Tablc 2 uf labc llcd 
and rcsulb in "vith 

or not by histuparhulugy 

Histopa tholoi!,y 

po~irivt: ncgatin: 

kurncyrc 
Ostcomyclitis positivr 21 
Ost~omyclitis 2 2 
Total (n = 26) 23 .l 

rcsommcc irn;1ging 
positi vc 18 2 

5 
Total (11 = 28) 23 5 

J\,1 icrobiologica1 
24 2 

Nct(ativc 2 .1 
Total (11 = 31) 26 

and MRI results in and 
confinned by M icrobiology had 

a sensitivity of 92 '¾,, specificity of 60%. PPV of 92 % NPV 
of 60%. Labelled leucocyte had a sen~itivity of 91 %,, 
~pecificity of 67%, PPV of 95°/4,, NPV of 50~;, !\1RI a 
sensi tivity of 78'¾,, specificity of f,(Jo/,,, PPV of 90 % NPV 
of J7.5%. 

Discussion 
is a or life-threatcning in 

patients with diabetes and can be wirh an 
grated, 17,91. A Wagner classifica-
rion of 2'. grade 3 suggests but provides a limited 
description of foot ulcers in diabetes. Use of J\rm,trong or 
PEDIS classifications for assessmenr of diabetic foot 
ulcers is [9 1. in this stucly, we used the Wagner 
classification as an criterion nn ly. osteo-

in a patient a foot infection is clifficult 
f 10]. There is 110 established consensus on diagnosis uf 

in diabetes . Maior problems include <lifferen· 
riating soft-tissue from bone an<l inft'ctiow, 
from non-infectious bone tfüorders 11 ]. disor-
ders have been given many including Charcor\ joint 
and neuroosteoarthropathy. but are referred to as 
osreoparhy [8 ]. Once patients have a foor infection, ir is diffi-

to chronic osteopathy, soft-tissue 
infection and either by clinical examination or 
diagnosric tests [ 10]. Bone biopsy is rhe gold s tanJard for 
diagnosis of fl j. Several techniques have 
been widely used in Jiagnosis . iilrns can 
iare related to I l.14]. 111 

labelled leucocyte scanning is considered to be 
accurate study [ 15, 16!. MRl is 
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other irnaging for the of soft 
tissue and bone invol vernent, as weU as for surgical planning 
f 1,14,15I . However, tests are unab le to identif), 
pathogenic organism(s) or guide antibiotic can 
be done only by examination. in cases it 
is safe to wait for the results of analysis instead 
of empirical antib iotic therapy. 

in our study, definitive diagnosis was based on 
topathological examination of bone in ali patients. 
Our findings the sensitivities and specificities 
of scinrigraphy (sensitivity 9 l %, specificity 67%} and MR[ 
(sensi tivity 78%, specific ity 60%) and the sens itivity and 
specifici ty of process ing (92% and 60%, 
respectively) were sirnilar. 

[na rneta -analysis by et al. [ 10], sensitiviry and 
specificity rates of labelled leucocyte were deter-

as 86 ± 5.9% and 45 ± 8.9%, respectively, similar to 
our study. reported sensitivity and specificity of MRI of 
99% and 71 %, respectively, are different from our results. 
However, in meta-analysis, specificity rares of MRl 
differed by 20% in the studies incl uded. 
variation is supported by other studies in literature . [n a 
review by Lipsky f 1 l, the sensitivity and specificity rates of MRI 
ranged bet:ween 29 and 100% and 71 and 100%, respectively. 

difference may be due to case mix of rhe studies. On the 
other hand, rhe main technical of is the 
relatively poor resolution for the cortex, cause some 

results in cases of isolated cortical infection. The 
typical signa l of detected by 
JvlRI can be detected in any process that results in rnarrow 
replacernent or infiltration , including 
These technical difficulties with MRI will adversely influence 
sensitivity aml specific iry Eckman et al. 1101 also per-
formed a cost-effectiveness concluded 
non-invasive adds significant expense for patients in 
whom osteomyelitis is suspected and may result in little 
improvernent in outcornes. investigarors suggested 
that in 11011-toxic patients, tissue cultnre guided antibiotic 
therapy following surgical debridernent may be a better 

Because of the expense of and MRI, 
cost-effective procedures such as 'probing co bone' 
or high-resolution are being exarnined in clinical 
studies [ 17, 181- Nevertheless, these also 
provide any about infectious aetiology or 

in early stages of foor in diaberes , the ca us-
,uive bacteria are spp . and/or Streptococcus 
spp. 119,201. is a rare parhogen in 

patients. our study, P. aeruginosa (33%) was mosr 
isolated from bone tissue cultures and 

MRSA (24 %) Acinetohacter spp. (12%} were other 
The possibility of be 

but in our study bone tissuc was by 
surgical procedures aseptic conditions dming either 

or Thus, was very 

unlikely. of P . i, due 
to prolonged and long ot foor 
infection .in our d.iabctic patients. As underwenr 
frequent surgica l isolation of 

such as J>. MRSA and Acineto-
hacter spp. was an expected result. 
are for severe and in patiems with 
advanced diseasc frequency of these is 12 1-
The low rate of isolation of :rnaerohic (3'X,) 
was Howevcr, in se ries up to 34% of bone 
cultures ha ve yie lded bacteria [ 19,20,22,2.11. This 
difference is probably due to frequency of ,urgic.1I 

in our patients, the of 
bactcria. contrast, 15'){, of had pol-

ymicrobial infections ( 1.06 per case of 
tis) in our srudy. superficial diabetic foot infecrions, a 

average nurnber of is isolated per case (two ro 
five pathogens per case). However, in diabetic foot 
elitis, the average number of organisms isolated per is low 
(rwo pathogens per case) [1,8,9,20- 22]. 

Diaberic foot infections rend to the age of 
population increases. Morbidity and mortaliry in diabetic foot 
infections are sti li high despite cosrly diagnostic tests and 

ln genera l, microbiological is a useful tool for 
cliagnosing in diabetic foot ulcers . However, 
microbiological examination alone, one 

soft tissue and osteornyelitis. As open biopsy 
is an invasive selection of to this 

is critical. and ESR 
can guicle the selection of these lf osteomyeliri, i, 
suspe<.:ted on criteria, bone tissue be obtained 
by open biopsy and 
In study, microbiological of bone 
was effective and less cost ly MRI rh e 
diagnosis of but it is nor 
procedure. of bone is 

gold standarcl for the diagnosis of The 
advantage of microbiological is it is only 

which c,rn gu ide choicc of 
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