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Abstract 
 
Background/Aim. Although the number of new primary 
implantation of hip and knee prostheses every year increa-
ses, the rate of failed arthroplasty is nearly the same. The 
main question is whether it is an aseptic instability or 
instability caused by infection. The aim of this preliminary 
study was an attempt with combined 99mTc-ciprofloxacin 
and 99mTc-methylene diphosphonate (MDP) bone 
scintigraphy to improve diagnostic accuracy in the differen-
tiation of hip and knee prosthesis aseptic loosening and pe-
riprosthetic joint infection. Methods. Inclusion criteria of 
patients for this study were based on suspected periprosthe-
tic joint infection: painful prosthetic joint, restricted joint 
movements and increased value of erythrocyte sedimentati-
on rate or levels of C-reactive protein. We examined 20 pa-
tients with implanted 14 hip and 6 knee prosthesis. All pati-
ents also underwent plain radiography of suspected joint. In 
all patients, three-phase 99mTc-MDP bone scintigraphy was 
performed. Three to five days after the bone scan, we per-
formed scintigraphy using 99mTc-ciprofloxacin with the cal-
culation of accumulation index. Periprosthetic joint infecti-
on was confirmed on the basis of microbiological findings. 

Results. Periprosthetic joint infection was confirmed in fo-
urteen of twenty observed joints, in five of them the aseptic 
loosening was present and in one patient’s symptoms were 
not related to the prosthesis (poor biomechanics of prosthe-
tic joints caused by weaknesses of muscle). Estimated 
sensitivity/specificity for 99mTc-MDP bone scintigraphy 
alone were 100/17%; for 99mTc-ciprofloxacin scintigraphy 
were 85,7/100%. Sensitivity and specificity were 92,3% and 
83,3%, respectively for results obtained with combined as-
sessment by both methods. Our study confirmed the high 
negative predictive value of 99mTc-MDP bone scan.  The 
negative result of bone scan virtually excludes the possibility 
of periprosthetic infection. On the other hand, positive fin-
dings of 99mTc-MDP scintigraphy cannot with certainty con-
firm the infection. Conclusion. Combined 99mTc-MDP 
scintigraphy with 99mTc-ciprofloxacin scintigraphy 
significantly increases the ability of differentiation of aseptic 
loosening from periprosthetic joint infection. 
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Apstrakt 
 
Uvod/Cilj. Iako broj novo ugrađenih protetskih zglobova 
kuka i kolena svake godine raste, procenat neuspešnih ar-
troplastika ostaje približno isti. Kao glavno pitanje nameće 
se, da li je u pitanju aseptična nestabilnost proteze ili je nes-
tabilnost posledica neprepoznate infekcije. Cilj ove prelimi-

narne studije je pokušaj da se kombinovanom upotrebom 
scintigrafije kostiju 99mTc obeleženim ciprofloksacinom i 
scintigrafije 99mTc-metilen-difosfonatom (MDP) unapredi 
dijagnostička tačnost razlikovanja aseptične nestabilnosti i 
periprotetske infekcije kod protetskih zglobova kuka i kole-
na. Metode. Kriterijum za ulazak u ovu studiju bio je: bol u 
protetskom zglobu, ograničeni pokreti u zglobu i uvećane 
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vrednosti nespecifičnih znakova inflamacije, C-reaktivnog 
proteina i sedimentacije eritrocita. Ispitivanjem je obuhva-
ćeno 20 bolesnika sa 14 ugrađenih proteza kuka i 6 proteza 
kolena. Kod svih bolesnika učinjena je radiografija protet-
skog zgloba, kao i trofazna scintigrafija kostiju sa 99mTc-
MDP. Tri do pet dana nakon scintigrafije kostiju urađena je 
i scintigrafija 99mTc-ciprofloksacinom sa određivanjem 
indeksa vezivanja. Infekcija periprotetskog tkiva je pot-
vrđena mikrobiološkim nalazom. Rezultati. U 14 od 20 
posmatranih protetskih zglobova potvrđena je infekcija, u 
pet slučajeva se radilo o aseptičnoj nestabilnosti protetskog 
zgloba, a u jednom slučaju simptomi nisu bili vezani za sam 
protetski zglob već je u pitanju bila loša biomehanika zgloba 
uzrokovana izrazitom slabošću abduktorne muskulature. 
Dobijena osetljivost i specifičnost za scintigrafiju kostiju 
pomoću 99mTc-MDP iznosila je 100% i 17%; za scintigrafiju 

99mTc-ciprofloksacinom bila je 85,7% i 100%, a za kombi-
novani nalaz obe metode iznosila je 92,3% i 83,3%. Studija 
je potvrdila visoku negativnu prediktivnu vrednost scinti-
grafije kostiju u dijagnostici periprotetske infekcije. Drugim 
rečima negativna scintigrafija kostiju praktično isključuje 
mogućnost postojanja infekcije. S druge strane pozitivan 
nalaz scintigrafije kostiju ne može sa sigurnošću da potvrdi 
postojanje infekcije. Zaključak. Kombinacija dve metode, 
99mTc-MDP scintigrafije kostiju sa scintigrafijom 99mTc-
ciprofloksacinom znatno povećava mogućnost razlikovanja 
aseptične nestabilnosti i periprotetske infekcije zgloba. 
 
Ključne reči: 
koleno, proteza; kuk, proteza; infekcija; dijagnoza, 
diferencijalna; scintigrafija; tehnecijum tc 99m 
medronat; tehnecijum tc 99m ciprofloksacin. 

 

Introduction  

The most remarkable advances in surgery and medicine 
during the last five decades were the joint replacement. Joint 
replacement is an effective intervention improving patients’ 
quality of life, providing pain relief, renovation of joint func-
tion, improve patient mobility and independence 1. The 
majority of implanted artificial joint are hip and knee prost-
heses (more than 95%). Although the hip or knee joint repla-
cement is highly successful surgical interventions, these pro-
cedures may be complicated with an aseptic failure and peri-
prosthetic joint infection (PJI). More than 25% of all prost-
heses will demonstrate evidence of loosening, often after a 
revision arthroplasty 2. Infection, although unfrequented, is 
the most serious complication. In patients with primary joint 
replacement, the infection rate in the first 2 years is usually 
in range of 0,5–2%. The reported infection rates are probably 
underestimated, since many cases understood as an aseptic 
failure may be due to unrecognized infection. Infection rates 
after surgical revision are usually higher (25% to 40%) than 
after primary replacement 3. The most important risk factors 
for arthroplasty failure are postoperative surgical site infecti-
on, previous total hip or knee arthroplasty, older age, malnut-
rition, a joint disease like rheumatoid arthritis, obesity, dia-
betes mellitus, remote infection 4, 5. Commonly isolated mic-
roorganisms are Gram-positive cocci: coagulase-negative 
staphylococci, S. aureus and enterococci (65%) 6. Increased 
peripheral blood leukocytes, erythrocyte sedimentation rate 
and C-reactive protein levels are neither sensitive nor speci-
fic for PJI. Infection differentiation from aseptic loosening is 
important because treatments are completely different. Plain 
radiography is not enough sensitive or specific. Findings 
such as radiolucency, osteolysis and migration may be pre-
sent in both infection and aseptic loosening 7. Computed 
tomography provides better contrast between normal and ab-
normal tissue, useful in detecting joint effusion, sinus tracts 
and bone erosion. Magnetic resonance imaging (MRI) can 
only be performed in patients with titanium or tantalum im-
plants.  

Radionuclide imaging is not affected by metallic 
hardware and is the current imaging modality of choice for 
evaluation of suspected joint replacement infection. Bone 
scintigraphy is extremely sensitive for detecting bone remo-
deling changes around prosthetic joints but because of low 
specificity for infection, cannot determine the cause of failu-
re. Ciprofloxacin labeled with 99mTc was introduced at the 
end of last decade of the 20th century. That radiopharmaceu-
tical is more specific in infection but not enough if only ba-
sed on the subjective visual estimation of scintigrams 8, 9. 
Calculation of accumulation index is the only reasonable 
way to determinate increase scintigrams uptake between 
aseptic inflammation from infection 10, 11. 

The aim of this preliminary study was attempt with 
combined 99mTc-ciprofloxacin and 99mTc-methylene diphosp-
honate (MDP) bone scintigraphy to improve diagnostic 
accuracy in differentiation of hip and knee prosthesis aseptic 
loosening and infection. 

Methods 

In this preliminary study, we examined twenty patients 
with 14 implanted hip and 6 knee prosthesis. The study was 
performed during three months in the period from August to 
November 2015. Criteria for including patients in the study 
were suspected PJI based on: painful prosthetic joint (espe-
cially in locomotion but also in peace), restricted joint mo-
vements and increased value of erythrocyte sedimentation 
rate or levels of C-reactive protein. All patients underwent 
plain radiography of suspected joint. 

In all patients, three phase bone scintigraphy was per-
formed after intravenous (iv) aplication of 555 MBq of 
99mTc-MDP on ADAC vertex gamma camera utilizing the 
large field of view dual detectors filtered with low energy 
all-purpose collimator. Various times of imaging were per-
formed in the supine position: 0-5 minute (15 frames in the 
first minute and 6 frames in further 4 minutes), 6-10 minutes 
(one frame with 300 seconds duration) and late static ima-
ging after 3 hours. Scintigrams were analysed visually 
without any quantification. 
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Fig. 1 – Results obtained by 99mTc–methylene diphos-
phonate (99mTc-MDP) bone scintigraphy in respect to 

confirmed periprosthetic joint infection. 

 
Fig. 2 – Results obtained by 99mTc-ciprofloxacin 

 (99mTc-CIP) scintigraphy in respect to confirmed  
periprosthetic joint infection. 

Three to five days after the bone scan, we performed 
scintigraphy using 2 mg ciprofloxacin labeled with 555 MBq of 
99mTc (99mTc-CIP, Institute of Nuclear Sciences Vinča, Serbia). 
Scintigraphy was performed also in the supine position after 5 
minutes, 1, 4 and 24 hours after iv injection on the same ADAC 
gamma camera filtered with low energy all-purpose collimator. 
Scintigrams were analysed visually and, if there was an abnor-
mal uptake, accumulation indexes were calculated in all imaging 
time periods. The region of interest for calculations was con-
structed over the prosthetic joint area and on the contralateral 
side (area adjacent to the lesion). The value of accumulation in-
dex above 1.5 was considered as positive for infection while 
values below 1.5 indicated aseptic inflammation.  

The findings for both analyses were semiquantitative: 
value 1 – normal, 2 –borderline normal, 3 – borderline ab-
normal and 4 – clearly abnormal. Final confirmation of in-
fection was microbiological finding. 

We used statistical program SPSS version 20 for ana-
lyzing the descriptive statistic. Sensitivity, specificity and 
predictive values of our findings were calculated.  

Results 

In our study, there were 7 men and 13 women median age 
73.5 years, range 43-82 years. The total numbers of the pros-
thetic hip joint were 14 and the numbers of prosthetic knee 
joints were 6. Infection was confirmed in 14 prosthetic joints (5 
knee and 9 hip joints) while there was no infection in 6 patients. 

The relationship between the results obtained with 
99mTc-MDP bone (Figure 1) and 99mTc-ciprofloxacin 
scintigraphy (Figure 2) with respect to the confirmed infecti-
on is shown graphically. 

The relationship between the results obtained with 
combined assessment of both methods and the confirmed in-
fection is shown graphically (Figure 3). 

Estimated sensitivity, specificity and accuracy for 99mTc-
MDP bone scintigraphy alone were 100%, 17% and 75%, 
respectively; for 99mTc-ciprofloxacin scintigraphy were 85,7%, 
100% and 90%, respectively. Sensitivity, specificity and 
accuracy obtained with combined assessment of both methods 
were 92,3%, 83,3% and 90% negative predictive value. Estima-

 
Fig. 3 – Results obtained with combined assessment of both metods: 99mTc–methylene diphosphonate (99mTc-MDP) 

and 99mTc-ciprofloxacin (99mTc-CIP) scintigraphy in respect to confirmed periprosthetic joint infection. 
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ted predictive values were: for 99mTc-MDP scintigraphy predic-
tive positive value (PPV) was 74% and negative predictive va-
lue (NPV) was 100%; for 99mTc-ciprofloxacin scintigraphy PPV 
was 100% and NPV was 75%; for combined assessment of both 
methods PPV was 93% and NPV was 83,3%.  

Matching positive findings of both scintigraphy, 99mTc-
MDP (Figure 4) and 99mTc-ciprofloxacin (Figure 5), clearly 
indicate the PJI. 

The case of aseptic instability in our group of patients 
with hip prosthesis estimated by 99mTc-MDP bone 
scintigraphy like positive (false positive result) is shown in 
Figure 6. The same patient examined by 99mTc-ciprofloxacin 
scintigraphy was negative on infection (Figure 7). 

In our group of patients, there was no finding with ne-
gative bone scintigraphy and positive finding on 99mTc-
ciprofloxacin scan. 

Discussion 

Combined assessment of the existence of periprosthetic 
infection using both methods may result in a definitive fin-
ding: an aseptic instability or PJI or finding that suggests that 
the patient’s symptoms are not related to the prosthesis (like 
poor biomechanics of prosthetic joints caused by weaknesses 
of muscle).  

A normal bone scintigraphy is defined as a scan in 
which periprosthetic activity is indistinguishable the from 
adjacent non-articular bone. Bone scintigraphy is sensitive 
for detecting bone remodeling changes around prosthetic jo-
ints and its role in the evaluation of the painful replacement 
has been proven. When a bone scintigraphy is ordered to rule 
out or evaluate periprosthetic infections, such as osteomye-
litis or cellulitis, a three-phase study is usually performed. 

 
Fig. 4 – Female, aged 74 years with bilateral knee joint replacement (patient No11). In region of right knee repla-

cement we observed extensive increased activity at flow and pool pattern at proximal tibia heel. At late static  
scintigram we also observed increased activity at the same place indicated infection. 

 
Fig. 5 – 99mTc-ciprofloxacin (99mTc-CIP) scintigraphy (the same patient as in Fig. 4), showed increased uptake in region of 

right knee prothesis in all times of imaging significantly higher of „cut off“ value of 1.5. Final microbiological con-
firmation was periprosthetic joint infection. Right knee prosthesis was removed and antibiotic therapy was applied. 
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Fig. 6 – Aseptic instability of right hip prosthesis. 3-phase 99mTc – methylene diphosphonate (99mTc-MDP)  

scintigraphy finding was positive (patient No. 12). 
 

 
Fig. 7 – Aseptic instability of right hip prosthesis (the same patient as on Fig. 6 - patient No. 12). Poor accumulation 
of 99mTc-ciprofloxacin (99mTc-CIP) in region of right hip prosthesis. Accumulation index in all time of imaging was 

significantly below of „cut off“ value of 1.5 indicated the absence of infection. 

The three phases demonstrate the perfusion, soft tissue, and bone 
of the region of interest. When examining a patient’s extremity 
for infection, it is important to include both extremities (affected 
and nonaffected) in the three-phase study, and to position them 
symmetrically 12. Nagoya et al. 13 reported that the test was 88% 
sensitive and 90% specific for hip replacement infection. Other 
investigations, however, have reported low sensitivity, low speci-
ficity, or both 14, 15. Overall, the most number of authors report 
that the bone scintigraphy has a high negative predictive value 
and therefore a normal study makes it very unlikely that the pati-
ent’s symptoms are related to the prosthesis 16.  

In our study, 99mTc-MDP scintigraphy findings are con-
sistent with studies that point to its high sensitivity but low 

specificity (14 true positives and five false positives). Only 
one finding was a true negative. In this patient, hip prosthetic 
joint soreness was due to the poor biomechanics of the joint 
caused by the weakness of the musculature. In five false 
positives, the aseptic instability was present, of mild or se-
vere degree. Difficulties associated with 99mTc-MDP bone 
scintigraphy do not include only conditions such as fractures, 
tumours, heterotopic ossification that can result in an in-
creased uptake in the periprosthetic tissue. Moreover, 
scintigraphy can remain positive for as long as 1 year after 
an uncomplicated hip replacement and for 2 years after inser-
tion of a prosthesis without cement with increased periprost-
hetic activity on bone images reflecting increased bone mine-
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ral turnover. These scintigrams cannot be used to distinguish 
the infection from an aseptic loosening 17.  

 We tried to overcome lack of specificity in the diagnosis 
of infection on 99mTc-MDP scintigraphy by using another addi-
tional method of diagnostic imaging. We used 99mTc-
ciprofloxacin scintigraphy as a method of high specificity for 
detection of infections. At the end of the last decade of the 
20th century, 99mTc labeled ciprofloxacin was presented as a 
new nuclear medicine procedure with high specificity for de-
tection of bacterial infections 18, 19. Only visual interpretation 
of scintigrams is in compliance with papers that have con-
firmed the low specificity of 99mTc-ciprofloxacin 
scintigraphy 8, 20. Our earlier research of calculating accumula-
tion index in scintigraphy with 99mTc-ciprofloxacin established 
the importance of its use in raising the specificity of detecting 
the soft tissue and bone infection 10, 11. Recent papers of Sarda 
et al. 9, 20 deal with the use of indexes in a similar way as our 
work. Combined 99mTc-MDP bone scintigraphy with 99mTc-
ciprofloxacin scintigraphy showed good results in differentia-
tion of aseptic instability of the prosthetic hip and knee joint 
from infection of periprosthetic tissue. 

The number of the evaluated prosthetic joints in our 
preliminary study was small, so we will continue research on a 
larger number of prosthetic joints to obtain more realistic results. 

Conclusion 

Our study confirmed high negative predictive value of 
99mTc-MDP bone scan. The negative result of bone scan 
virtually excludes the possibility of periprosthetic infection. 
On the other hand, positive findings of 99mTc-MDP 
scintigraphy (even if the three-phase scintigraphy was appli-
ed), can not with certainty confirm the infection. Combined 
99mTc-MDP scintigraphy with additional method of high 
specificity for infection, such as 99mTc-ciprofloxacin 
scintigraphy, significantly increases the ability of differentia-
tion of aseptic loosening from PJI as the cause of prosthetic 
failure. This method have high positive predictive value for 
detecting periproshetic infection but not only by visual asse-
sment. The modality with calculation of accumulation index 
which represents the intence of abnormal uptake makes this 
diagnostics significantly more reliable. 
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