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Abstract 
 
Background/Aim. There is a constant and dramatic in-
crease in hip and knee prosthetic implantations worldwide. 
However, a decrease in the percentage of failed (infected) 
prosthetic implantations is not significant (0.5% up to 2%). 
The real challenge is whether prosthetic joint loosening was 
caused by aseptic inflammation or by infection. The aim of 
the present study was to attempt to distinguish sterile in-
flammation from infection in patients with a painful hip or 
knee prosthetic joint. Another objective was to determine 
the accuracy of cumulative bone scintigraphy with meth-
ylenediphosphonate (MDP) and ciprofloxacin in diagnosis 
of periprosthetic joint infection (PJI). Methods. Three-
phase bone scintigraphy with 99mTc-MDP and 99mTc-
ciprofloxacin was used. The patient selection criterion for 
this study was a suspicion of PJI followed by painful and 
limited movement of the prosthetic joint, accompanied by 
elevated unspecific inflammatory factors. Forty five patients 
with 39 implanted hips and 24 knee prostheses were includ-
ed and evaluated. All prosthetic joints were examined (alt-
hough some of them were asymptomatic) and underwent 
plain radiography. An average time span between the two 
nuclear medicine imaging procedures was 3–5 days. Three-

phase 99mTc-MDP bone scintigraphy was performed first. 
Scintigraphy with 99mTc-ciprofloxacin was necessarily in-
volved calculation of the accumulation index. The obtained 
results were confirmed by microbiological findings as a gold 
standard. Statistical analysis of the results was performed us-
ing SPSS version 20 software (descriptive statistics, χ2-test). 
Sensitivity, specificity, and predictive values were also calcu-
lated. Results. Microbiologically confirmed PJI was found 
in 16 out of 39 hip prostheses. Positive scintigraphy was ob-
tained in 15 out of 39 prosthetic hip joints. PJI was found 
using scintigraphy of the knee, and microbiologically con-
firmed in all 13 out of 24 suspected joints. Estimated sensi-
tivity/specificity of 99mTc-MDP bone scintigraphy alone (for 
both joints) was 90%/69%, for 99mTc-ciprofloxacin scintig-
raphy it was 93%/97%, and for cumulative results it was 
96.5%/97%. Conclusion. Cumulative 99mTc-MDP scintig-
raphy with 99mTc-ciprofloxacin scintigraphy increases the 
ability of differentiation between aseptic loosening and PJI, 
with high accuracy of 97%. 
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Apstrakt 
 
Uvod/Cilj. Postoji dramatičan i konstantan porast ugradnje 
novih proteza kuka i kolena širom sveta. Međutim, procenat 
neuspelih (inficiranih) protetskih implantacija se ne smanjuje 
značajno (0,5% do 2%). Pravi izazov je pitanje da li je nasta-
lo razlabavljenje protetskog zgloba uzrokovano aseptičnom 
upalom ili infekcijom. Cilj studije bio je pokušaj odvajanja 
sterilne upale od infekcije kod bolesnika sa bolnim pro-
tetskim zglobovima kuka ili kolena. Pored toga, naš cilj je 
bio da utvrdimo tačnost kombinovane scintigrafije kostiju 

metilendifosfonatom (MDP) i ciprofloksacinom u dijagnos-
tici periprotetske infekcije zglobova (PJI). Metode. 
Korišćena je trofazna scintigrafija kostiju sa 99mTc-MDP i 
99mTc-ciprofloksacin. Kriterijum za odabir bolesnika za ovo 
istraživanje bila je sumnja na PJI praćenu bolom i 
ograničenim pokretima protetskog zgloba uz povišenje 
nespecifičnih faktora upale. Uključeno je i procenjeno 45 
bolesnika sa implantiranih 39 proteza kuka i 24 proteze 
kolena. Pregledani su svi protetski zglobovi (iako su neki 
zglobovi bili asimptomatski) i kod svih je bila urađena pla-
narna radiografija. Vremenski razmak između izvedenih 
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nuklearno-medicinskih metoda iznosio je u proseku 3–5 
dana. Prvo je izvođena trofazna 99mTc-MDP scintigrafija 
kostiju. Scintigrafiju 99mTc-ciprofloksacinom obavezno je 
pratilo izračunavanje indeksa akumulacije. Dobijeni re-
zultati su bili potvrđeni mikrobiološkim nalazima kao zlat-
nim standardom. Statistička analiza dobijenih rezultata 
urađena je pomoću softvera SPSS, verzija 20 (deskriptivna 
statistika, χ2-test). Takođe su bili izračunati osetljivost, 
specifičnost i prediktivne vrednosti. Rezultati. Mikrobi-
ološki potvrđene PJI bile su prisutne kod 16 od 39 proteza 
kuka. Pozitivna scintigrafija je dobijena kod 15 od 39 
proteza kuka. Scintigrafija kolena je bila pozitivna kod svih 
13 od 24 protetska zgloba kolena koji su imali mikrobi-

ološku potvrdu PJI. Izračunata osetljivost/specifičnost za 
99mTc-MDP scintigrafiju kosti (za oba zgloba) iznosila je 
90%/69%, za 99mTc-ciprofloksacin scintigrafiju 93%/97%, 
a za kombinaciju obe scintigrafije 96,5%/97%. Zaključak. 
Kombinovana scintigrafija sa 99mTc-MDP i 99mTc-
ciprofloksacinom povećava sposobnost razlikovanja asep-
tičnog labavljenja protetskog zgloba od PJI sa visokom 
tačnošću od 97%. 
 
Ključne reči: 
tehnecijum tc 99m ciprofloksacin; tehnecijum tc 99m 
medronat; radioizotopsko snimanje; kuk, proteza; 
koleno, proteza; infekcija. 

 

Introduction 

One of the most important advances in surgery in the 
last few decades was the joint replacement. This routine sur-
gical procedure improves patients’ quality of life by provid-
ing pain relief and regaining of joint function, but also pa-
tient mobility and independence from others persons 1. Im-
plantation of hip and knee prostheses makes up more than 
95% of all joint replacements. Joint replacements of the hip 
and knee are highly successful surgical interventions. The 
most common complications of that surgical procedure are 
aseptic failure and periprosthetic joint infection (PJI). About 
25% of all prostheses will demonstrate evidence of loosen-
ing, especially after revision arthroplasty 2. But infection is 
one of the most unpleasant complications. Many studies sug-
gest that in patients with primary joint replacement, the in-
fection rate in the first 2 years is usually in the range of 
0.5%–2% 3. There is an increasing number of studies indicat-
ing that the reported infection rate is probably underestimat-
ed, since many cases regarded as aseptic failure may be due 
to unrecognized infection 4. PJI after surgical revision is usu-
ally more frequent (even 25% to 40%) than after primary re-
placement 5. Surgical site infections are the most important 
risk factor for infection, although surgical complexity, osse-
ous tissue status surrounding the prosthesis, immune status 
of the patient, previous total hip or knee arthroplasty, older 
age, malnutrition, joint disease such as rheumatoid arthritis, 
obesity, diabetes mellitus, remote infection, are also im-
portant 4, 6, 7. Commonly isolated bacteria were Gram-
positive cocci: Coagulase-negative staphylococcus (CoNS), 
Staphylococcus aureus and Enterococci (65%). Erythrocyte 
sedimentation rate (ESR) and C-reactive protein (CRP) lev-
els are neither sensitive nor specific for PJI. Differentiation 
of PJI from aseptic loosening is very important because 
treatments are completely different. Plain radiography is al-
ways performed but it is not specific enough 8. Computed 
tomography (CT) provides a better contrast between normal 
and abnormal tissue, bone erosion, and it is useful in detect-
ing sinus tracts 9. Magnetic resonance imaging (MRI) can 
only be performed in patients with titanium or tantalum im-
plants 9. Optimal treatment of PJI represents a real challenge. 
It is difficult to distinguish superficial wound infections or 
cellulitis from true periprosthetic infections 10.  

It is generally accepted that nuclear medicine is a mo-
dality of choice among imaging diagnostic methods for eval-
uation of suspected PJI. Bone scintigraphy with methylene 
diphosphonate (MDP) is extremely sensitive for detection of 
bone remodelling changes, but it has low specificity for in-
fection. Labelled white blood cells (WBC) are generally pre-
ferred for osteomyelitis and PJI, but the labelling of leuko-
cytes is complicated and does not have high specificity 11. 
67Gallium (67Ga) imaging is superior only in vertebral disc 
infections, but increased uptake of 67Ga can occur in frac-
tures and tumours (not specific for PJI) 11, 12. Long ago, the 
labelling of antibiotics was considered a potentially good 
tracer. Ciprofloxacin labelled with 99mTc was introduced in 
the 1990s 13, 14. This radiopharmaceutical was more specific 
in infection but not easy to interpret only by visual assess-
ment 15, 16. Calculation of the accumulation index is the only 
rational way of distinguishing between aseptic inflammation 
and infection, based on increased uptake on scintigrams 15–19.  
Considering the most commonly used radiopharmaceuticals 
for the detection of PJI, Love et al. 20, in a review article, 
listed examples of almost all relevant nuclear medical meth-
ods with unfortunately unsatisfactory sensitivity and speci-
ficity. The authors only single out the successful combina-
tion of labelled leukocytes and bone marrow scintigraphy 
(sensitivity of 96%, specificity of 87% and accuracy of 
91%). The use of fusion images obtained with single-photon 
emission computed tomography (SPECT/CT) gamma cam-
eras when using 99mTc-cipofloxacin provides a better contrast 
and clearer differentiation between soft tissue structures and 
bone. The procedure (one-day protocol) 21 is also simpler. 

The aim of this study was to confirm or reject good di-
agnostic accuracy in differentiation between aseptic loosen-
ing and PJI of the prosthetic hip and knee, obtained in a pre-
liminary study 22, but now involving a larger number of pa-
tients. This study also combined bone scintigraphy with 
99mTc-MDP and 99mTc-ciprofloxacin. 

Methods 

Patient selection criteria for this study were based on 
suspected PJI: a painful prosthetic joint, restricted joint 
movements, and increased values of ESR and CRP. The 
study included 45 patients (14 men and 29 women) with a to-
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tal of 63 implanted joints (39 hip and 24 knee prostheses), 
median age 68.6 years, range 43–82 years (Figure 1). 

All patients also underwent plain radiography. In all pa-
tients, three-phase 99mTc-MDP bone scintigraphy was per-
formed. Scintigrams were analyzed visually without any quan-
tification. The results obtained with 99mTc-MDP were inter-
preted visually as clearly positive/negative or as borderline 
positive or borderline negative (unconvincingly posi-
tive/negative). Three to five days after the bone scan, we per-
formed scintigraphy using 99mTc-ciprofloxacin with necessary 
quantification and calculation of the accumulation index. The 
value of accumulation index above 1.5 is considered positive 
for infection, while the value below 1.5 indicates aseptic in-
flammation 17. Accumulation index values from 1.41 to 1.50 
were considered borderline negative, and those from 1.51 to 
1.60 as borderline positive 17, 18. PJI was confirmed on the ba-

sis of microbiological or histopathological findings. 
We used the SPSS statistical software version 20 (de-

scriptive statistics, χ2 test). Sensitivity, specificity, and pre-
dictive values were also calculated. 

Results 

Microbiological analysis of PJI was confirmed in 29 out 
of 45 patients (Table 1). Regarding these microbiological re-
sults as the total number of evaluated hip and knee prosthetic 
joints (63), PJI was confirmed in 16 (41%) of 39 hip prosthe-
ses and in 13 (54.2%) of 24 knee prosthetic joints. 

Diagnostic results of PJI obtained with bone scintigra-
phy with 99mTc-MDP are shown in Table 2, and diagnostic 
results of PJI obtained with bone scintigraphy with 99mTc-
ciprofloxacin in Table 3. Both scintigraphic modalities 

 
Fig. 1 – Total number of examined prosthetic joints with insight into the 
number of hip or knee prostheses, as well as their distribution by gender. 

 
Table 1 

Microbiologically confirmed periprosthetic joint infection  
(PJI) was found in 29 of 45 patients although unspecific  

parameters of inflammation were found in almost all patients 
PJI findings Patients, n (%) 
Microbiological confirmation  

unconfirmed 16 (35.6) 
confirmed 29 (64.4) 

Biochemical indicators  

elevated CRP  43 (95.6) 
elevated ESR  42 (93.3) 

CRP – C-reactive protein; ESR – erythrocyte sedimentation rate. 
 

Table 2 
Results obtained with a 99mTc-MDP bone scan  

showed statistical significance 

Finding Infection, n (%) Total no yes 
Negative  9 (100) 0 (0) 9 (100) 
Borderline negative  14 (82.4) 3 (17.6) 17 (100) 
Borderline positive  5 (45.5) 6 (54.6) 11 (100) 
Positive  6 (23.1) 20 (76.9)  26 (100) 
Total 34 (54) 29 (46) 63 (100) 
Significance assessment χ2 = 23.5;       p < 0.001 

  MDP – methylenediphosphonate. 
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(MDP and ciprofloxacin scintigraphy) were statistically pro-
cessed using χ2-test. 

When the final decision on the presence of PJI was 
made on the basis of cumulative findings (99mTc-MDP scin-
tigraphy and 99mTc-ciprofloxacin scintigraphy), the results of 
the diagnosis of PJI were more accurate (Table 4). These 
cumulative results are shown in Figure 2. 

The graph shows that the detection of PJI was almost 
unmistakable if both methods were combined (99mTc-MDP 
and 99mTc-ciprofloxacin) in case when the results of both 
methods were positive or negative, but also in borderline 

cases, the results were reliable. 
Different modalities of negative and positive findings of 

the presence of PJI or aseptic loosening were apparently useful. 
Sensitivity, specificity, and accuracy of scintigraphy 

with 99mTc-MDP and with 99mTc labelled ciprofloxacin, as 
well as the cumulative findings of these two methods, are 
shown in Table 5. 

Cumulative findings obtained by these two methods 
showed higher positive predictive values (PPV) and negative 
predictive values (NPV) of PJI than those of these methods 
alone. Positive findings of both scintigraphies with 99mTc-

Table 3 
Results obtained with 99mTc-ciprofloxacin scintigraphy in detection of  
periprosthetic joint infection (PJI) were much better practically in  

all modalities of the findings  

Finding  Infection, n (%) Total no yes 
Negative  29 (96.7) 1 (3.3) 30 (100) 
Borderline negative  4 (80) 1 (20) 5 (100) 
Borderline positive  1 (12.5) 7 (87.5) 8 (100) 
Positive  0 (0) 20 (100) 20 (100) 
Total 34 (54) 29 (46) 63 (100) 
Significance assessment χ2 = 52.4;       p < 0.001 

 
 

Table 4 
Results obtained with combined scintigraphy that used both  
radiopharmaceuticals (99mTc-MDP and 99mTc-ciprofloxacin) 

Cumulative findings of 99mTc-MDP/ 99mTc-
ciprofloxacin 

Infection, n (%) Total no yes 
Negative  22 (100) 0 (0) 22 (100) 
Borderline negative  11(91.7) 1 (8.3) 12 (100) 
Borderline positive  1 (8.3) 11 (91.7) 12 (100) 
Positive findings 0 (0)  17 (100) 17 (100) 
Total 34 (54)  29 (46) 63 (100) 
Significance assessment χ2 = 55.6;       p < 0.001 

MDP – methylenediphosphonate. 

 
Fig. 2 – Cumulative results obtained by using both methods  

(99mTc-MDP and 99mTc-ciprofloxacin).  
MDP – methylendiphosphonate. 
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MDP and 99mTc-ciprofloxacin that clearly indicated the pres-
ence of PJI are shown in Table 6. 

Positive scintigraphy obtained by three-phase 99mTc-
MDP is shown in Figure 3, and positive scintigraphy with 
99mTc-ciprofloxacin is presented in Figure 4. 

Positive scintigraphy with 99mTc-MDP but negative 

scintigraphy with 99mTc-ciprofloxacin indicate aseptic loos-
ening (Figures 5 and 6). 

High NPV of scintigraphy with 99mTc-MDP indicates 
that there is no need for 99mTc-ciprofloxacin scintigraphy. In-
creased accumulation of tracer in the left hip joint suggests 
left hip coxarthrosis (Figure 7). 

Table 5 
Cumulative findings (99mTc-MDP/99mTc-ciprofloxacin) gave the highest accuracy 

Scintigraphy Sensitivity 
% 

Specificity 
% 

Accuracy 
% 

99mTc-MDP 90 69.7 79 
99mTc-ciprofloxacin 93 97 95 
Cumulative findings based on both scintigraphy 98.5 95.5 97 

                             MDP – methylenediphosphonate. 
 

Table 6 
Positive and negative predictive values (PPV and NPV, respectively) for  

scintigraphy with 99mTc-MDP, 99mTc-ciprofloxacin, and their combination  
Scintigraphy method PPV (%) NPV (%) 
99mTc-MDP 70 90.5 
99mTc-ciprofloxacin 96% 94 
99mTc-MDP/99mTc-ciprofloxacin 96.5 97 

MDP – methylendiphosphonate. 

 
Fig. 3 – 99mTc-MDP scintigraphy of a 60-year-old female, with a right 

knee joint replacement. In the region of the right knee replacement we 
observed increased activity at a flow and pool pattern at the proximal 

tibia heel. On the last static scintigram we also observed increased 
activity indicating infection at the same place. 

MDP – methylendiphosphonate. 
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Fig. 4 – 99mTc-ciprofloxacin scintigraphy showed increased uptake in the region of the 

right knee prosthesis, while the accumulation index at all times of imaging was 
significantly higher than the “cut off” value of 1.5. Final microbiological confirmation 

was periprosthetic infection. The right knee prosthesis was removed and antibiotic 
therapy was applied. 

 

 
Fig. 5 – Scintigraphy with 99mTc-MDP of a 77- year-old male with a left hip joint 

replacement. In the region of the left hip joint replacement we observed increased 
activity on delayed scintigram, i.e. after 4 hours in the region of acetabulum and a 

great trochanter indicating possible infection. 
MDP – methylendiphosphonate. 
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Fig. 6 – 99mTc-ciprofloxacin scintigraphy (the same patient as in Fig. 5) showed 

practically no increased uptake in the region of the left hip joint replacement at all times 
of imaging, indicating aseptic loosening despite positive scintigram with 99mTc-MDP. 

MDP – methylendiphosphonate. 
 
 

 
Fig. 7 – Scintigraphy with 99mTc-MDP of a 73-year-old female with a right hip 
joint replacement. In the region of the right hip joint replacement we did not 
observe significantly increased activity in any of the three phases. No need for 

99mTc-ciprofloxacin scintigraphy. Diagnosis was Coxarthrosis sin. 
MDP – methylendiphosphonate. 
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Discussion 

Combined assessment of painful prosthetic joints with 
limited motion by two scintigraphic methods (99mTc-MDP 
and 99mTc-ciprofloxacin), in the most part resulted in defini-
tive findings: aseptic instability or PJI.  

A normal bone scan with 99mTc-MDP is a scan in which 
periprosthetic activity of the investigated joint is practically 
adjacent to non-articular bone or the healthy contralateral 
joint. A three-phase bone study is usually performed because 
of its sensitivity for detection of bone remodelling changes 
around prosthetic joints, and when the orthopaedic surgeon 
suspects PJI. Three-phase MDP bone scintigraphy is also 
usually performed when there is suspicion of cellulitis, and it 
demonstrates enhanced perfusion of soft tissue in the region 
of interest. It is important to include both extremities (affect-
ed and unaffected) and to set them symmetrically 11.  Nagoya 
et al. 23 reported that the test was 88% sensitive and 90% 
specific for hip replacement infection. Many other authors, 
however, reported good sensitivity, unsatisfactory specifici-
ty, or both 4, 10, 24. Since MDP bone scintigraphy has a high 
NPV, normal results of the study make it very unlikely that 
the patient’s symptoms are related to PJI 10, 23, 24.  

It should be noted that bone scintigraphy can remain 
positive even a year after an uncomplicated hip replacement, 
and even two years after insertion of a prosthesis without 
cement (that reflects increased bone mineral turnover). Those 
scintigrams cannot be used to distinguish infection from an 
aseptic loosening 10.  

We overcame lack of specificity of 99mTc-MDP scintig-
raphy in the diagnosis of PJI with an additional, more specif-

ic diagnostic method for detection of infection. 99mTc-
ciprofloxacin scintigraphy is a method of high specificity for 
detection of infection 13, 14, 17, 18. The great advantage of 
99mTc-ciprofloxacin is that it should not be accumulated in a 
healthy bone 13, 14. Our preliminary research, concerning cal-
culation of the accumulation index in 99mTc-ciprofloxacin 
scintigraphy, has established the importance of its use in in-
creasing the specificity in the diagnosis of osteomyelitis 17, 18. 
Only visual interpretation has low specificity. 99mTc-MDP 
bone scintigraphy combined with 99mTc-ciprofloxacin scin-
tigraphy yielded good results in differentiation of aseptic in-
stability of the prosthetic hip and knee joint from infection of 
periprosthetic tissue 19. 

A limitation of this study is the relatively small number 
of patients for separate evaluations of the hip and knee joints, 
but sufficient for an overall evaluation. Consequently, further 
trials involving a larger number of patients are needed. 

Conclusion 

Confirmed low specificity but high NPV of the 99mTc-
MDP bone scan in combination with high specificity of 
99mTc-ciprofloxacin significantly facilitates differentiation 
between aseptic loosening and PJI as a cause of prosthetic 
failure. 99mTc-ciprofloxacin scintigraphy has high PPV for 
detecting periprosthetic infection only if combined with cal-
culation of the accumulation index. Negative results of a 
MDP bone scan virtually exclude the periprosthetic infec-
tion. The study also suggests that in most cases 99mTc-
chiprofloxacin scintigraphy should be performed first due to 
its high specificity. 
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