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Diagnostic value of bone scintigraphy for
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Abstract.
BACKGROUND: Despite technical improvements, aseptic loosening after total knee arthroplasty (TKA) remains a frequent
complication. A one-stage revision arthroplasty is the most common therapeutic pathway.
OBJECTIVE: The aim of this study was to evaluate the diagnostic value of bone scintigraphy in detecting aseptic loosening
after TKA.
METHODS: We retrospectively identified 46 cases of one-stage revision TKA performed between January 2011 and December
2012. In each case a bone scintigraphy was performed at least one year after the primary TKA and 3.2 ± 2.2 month prior to
revision arthroplasty. Additionally, we evaluated the rate of satisfaction and pain level 16.2 ± 5.4 months after one-stage
revision arthroplasty.
RESULTS: Bone scintigraphy indicated aseptic loosening in 28 cases. Intraoperative aseptic loosening was verified in 34 cases.
Bone scintigraphy had a sensitivity of 0.76 and a specificity of 0.83 in detecting aseptic loosening. The positive predictive value
was 0.93, and the negative predictive value 0.56. At follow-up consultation, 35 patients were very satisfied or satisfied, and 31
patients had no pain or occasional pain.
CONCLUSIONS: Bone scintigraphy is a helpful tool in detecting aseptic loosening after TKA. Nevertheless, the results from
bone scintigraphy should be compared with clinical findings and patients’ disorders.
Level of evidence: IV, retrospective study
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1. Introduction
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Over the last two decades, the number of cases of total knee arthroplasty (TKA) for the treatment
of osteoarthritis has been constantly growing. At the same time the total number of complications and
revision surgery has also increased. Kurtz et al. reported a revision rate of 8% for all TKAs performed
in the USA and aseptic loosening was cited as the most frequent reason for this [1]. Of all revisions,
23–71% were required because of aseptic loosening, 8.1–39% for instability, and 5–18.4% for infection [2–7]. Loosening of the tibial component, however, is more common than loosening of the femoral
component [8]. Dalury et al. showed that aseptic loosening occurs rather late in the period after primary
arthroplasty [5]. The detection of aseptic loosening still remains difficult [9–12].
The aim of this study was to describe the diagnostic value of bone scintigraphy in cases of assumed
aseptic loosening after TKA.
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Fig. 1. Case description. A 66 year old patient developed pain of the right knee approximately 113 month after primary TKA.
Pain was focused on the tibial plateau and increased through walking. Plain radiographs of this time presented no sure signs of
an aseptic loosening or another pathology (a + b). There were no signs of an infection and no instability. The axis was normal.
Bone scintigraphy was performed 115 month after TKA resulting in an aseptic loosening particularly of the tibial component
(c). After one-stage revision arthroplasty of the right knee the patient had symptomatic improvement. As additional finding it
occurred appearance of loosening of the TKA on the left knee. Because of a lack of clinical symptoms an operation was not
indicated.

2. Patients and methods

We retrospectively analyzed 46 cases of one-stage revision arthroplasty performed between January
2011 and December 2012 in our institution. The mean age at time of operation was 68.6 ± 9.3 years;
36 patients were female and 10 patients were male (Fig. 1). The inclusion criteria were diagnostic uncertainty after clinical and radiological examination, preoperative bone scintigraphy performed at least
one year after primary TKA, and no loss to follow-up. The exclusion criterion was assumed or verified infection. The revision arthroplasty was performed 74 ± 59.7 months after primary operation. The
bone scintigraphy was performed 3.2 ± 2.2 month prior to revision arthroplasty. All bone scintigraphies
were conducted with three phases (perfusion phase, blood pool phase and late phase). In 24 cases tech-
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netium 99m hydroxydiphosphonate was used, in 14 cases technetium 99m methylenediphosphonate was
used and in eight cases technetium 99m hydroxymethylenediphosphonate. Owing to a diagnostic uncertainty including the differential diagnosis of a potential periprosthetic joint infection (PJI) a diagnostic
aspiration was performed in six cases and a diagnostic arthroscopy in one case. Serum inflammatory
parameters C-reactive protein (CRP) and serum white blood cell count (WBC) were assessed obligatory. The operations were performed under general or local anesthesia by seven senior surgeons of an
own department specialized for revision arthroplasty. During each operation, samples were collected
for microbiological and histological examination to exclude any infection. In ten cases one sample was
collected, in eight cases two samples, in 18 cases three samples, in three cases four samples and in seven
cases five samples. Initially, patients had a nerve block of the femoral nerve for three to four days to
facilitate flexion. Further aftercare was identical in every case and consisted of full weight bearing with
free range of motion.
Patients were contacted to evaluate their satisfaction and level of pain. The mean time of follow-up
was 16.2 ± 5.4 months. Patient responses were categorized as very satisfied, satisfied, partially satisfied,
not satisfied or dissatisfied, and as no pain, occasional pain, moderate pain, daily pain and continuous
severe pain.
Data collection and analysis were performed using GraphPad Prism 5 (GraphPad Software Inc., La
Jolla, CA). The results were expressed with 95% confidence intervals.
The ethical committee of the Hannover Medical School approved the study.
3. Results
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Bone scintigraphy revealed aseptic loosening in 28 cases. Intraoperatively, loosening of the prosthesis
was visible in 34 patients. Revision arthroplasty was required for instability in ten cases, and in two
cases for valgus deformity of the TKA without loosening or instability, but discomfort. The duration of
the operation was 153 ± 56 min. In 32 cases (69.6%), a non-constrained knee prosthesis was replaced
with a partially constrained knee prosthesis, while in 14 cases (30.4%) a non-constrained knee prosthesis
was replaced with a constrained knee prosthesis. Via preoperative diagnostic aspiration and diagnostic
arthroscopy an infecting microorganism could not be verified. The CRP was elevated in three cases and
independently WBC was elevated in five cases. Preoperative CRP had a value of 0.39 ± 0.39 mg/dl,
the preoperative value of WBC was 7.2 ± 2.2. In none of the cases with elevated CRP or WBC the
clinical or intraoperative appearance indicated an infection. Intraoperative a microorganism was found
in three cases (Bacillus halodurans, Proprionibacterium acnes, Staphylococcus cohnii cohnii). In these
three cases the microorganism could solely be verified in one of four (one case) or one of five (two
cases) samples. Additionally preoperative serum inflammatory markers and clinical and intraoperative
appearance were not suspect for an ongoing infection. Hence these verifications were classified as contamination in accordance with our institute for medical microbiology. Complications occurred in six
patients (13%). Two patients each had two complications. An infection of the urinary tract appeared
in two cases (4.3%). Major complications were deep vein thrombosis in three cases (6.5%) and a recurrent aseptic loosening in three cases (6.5%). The three patients with a recurrent aseptic loosening
received another one-stage revision arthroplasty leading to a revision rate of 6.5%. During these revision
procedures no infecting microorganism could be verified.
In the present study, the sensitivity of bone scintigraphy in detecting aseptic loosening after TKA was
0.76 (0.59–0.89) and the specificity was 0.83 (0.52–0.98). Furthermore, we found a positive and negative
predictive value of 0.93 (0.77–0.99) and 0.56 (0.31–0.78), respectively.
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Fig. 2. Satisfaction. 12 patients were very satisfied and 23 satisfied. Two patients each were not satisfied or dissatisfied.
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Fig. 3. Pain level. Two patients described daily pain at
follow-up examination, one patient had continuous severe
pain. Six patients had no pain, 25 patients had occasional
pain.

4. Discussion
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At the follow-up consultation, 12 patients were very satisfied and 23 were satisfied. However, two
patients each were not satisfied or dissatisfied (Fig. 2). Regarding pain at follow-up, six patients had no
pain, 25 patients reported occasional pain and 12 patients moderate pain. Daily pain occurred in two
patients, and one patient had continuous severe pain (Fig. 3).
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The present study was performed to evaluate the diagnostic value of bone scintigraphy in cases of
assumed aseptic loosening. We found high sensitivity, specificity and positive predictive value. Additionally, we described the outcome of one-stage revision arthroplasty in terms of satisfaction and pain,
complications and revision rate.
There are several limitations to our study. One is its retrospective design. In addition, there are a
limited number of cases, no control group and no standardized outcome parameters.
There are different opportunities treating aseptic loosening. We believe that a satisfactory specific
conservative treatment has not yet been described. A common approach is symptomatic therapy via administration of antiphlogistics and analgesics, although research evidence is lacking. When conservative
treatment fails, an operation is indicated. In cases of aseptic loosening, a one-stage revision arthroplasty
is commonly performed. The literature describes the outcome after revision TKA as inferior to the outcome after primary TKA, underlined by higher complication and revision rates [5,13].
Despite an extensive literature review, we found no comparable data on patient-orientated outcome
parameters such as satisfaction and pain levels after one-stage revision knee arthroplasty. Our results
indicate that one-stage revision TKA leads to a high rate of satisfaction concurrently with a low pain
level. Nevertheless, with four patients who were not satisfied and three patients with at least daily pain
in a noteworthy number of cases, revision TKA does not necessarily lead to alleviated disorders. These
results provide further evidence to inform patient choices. Thereby, informed consent for a planned
one-stage revision arthroplasty is possible.
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In contrast to our data, Gratz et al. described a negative predictive value of almost 1.0, whereas this
value was the shortcoming of bone scintigraphy in our study, with a value of only 0.56 [9]. Klett reported
a negative predictive value of 0.85, and a sensitivity value of 0.9 [8]. Smith described a sensitivity value
of 0.92 and a negative predictive value of 0.95 [14]. The published data for sensitivity were similar
to our own data, though the negative predictive value was reported to be higher. Bone scintigraphy is
known to have a limited value within the first year after TKA owing to physiological biologic processes
surrounding the prosthesis. In consequence, it shows positive results in asymptomatic patients [14,15].
Even two years after primary TKA, bone scintigraphy has reportedly shown an increased signal in 12.5%
of asymptomatic patients [16]. Smith et al. recommend analyzing the trend of TKA uptake, and continue
to question whether a definitive diagnosis of aseptic loosening is possible with only one scintigraphic
study [14]. In the current study the duration between examination and operation of 3.2 ± 2.2 month
was deemed acceptable. This value is comparable to a study of Temmermann et al. [17]. Whereas a
current examination prior to operation is desired there are influencing factors in daily practice leading to
a delayed operation. Some patients obtain a second opinion; some patients initially refuse the operation.
A cut off value for an acceptable duration between examination and operation is missing. Further costs
and patients radiation load oppose the advantage of additional information of a further examination. This
has to be discussed with the patient.
A PJI, including a low-grade infection, is a differential diagnosis for a painful knee after TKA [5]. Especially in cases of an assumed low-grade infection a remaining diagnostic uncertainty is possible [18].
In the present study we estimated serum inflammatory markers in every case, performed a diagnostic
aspiration in six and a diagnostic arthroscopy in one case. Additionally we collected tissue samples
during every operation. This represents the common diagnostic parameters for a PJI. Nevertheless their
accuracy and thereby their diagnostic impact is a matter of discussion [2,19–21].
One disadvantage of bone scintigraphy is the lack of differentiation between septic and aseptic
pathologies [14]; therefore, leukocyte scintigraphy is recommended. Simonsen et al. described a sensitivity of 0.81 and a specificity of 0.94 in detecting septic complications after total hip arthroplasty
in leukocyte scintigraphy [15]. The combination of bone scintigraphy with leukocyte scintigraphy is
reported to lead to more accurate diagnoses [9,15].
Positron emission tomography (PET) is considered to be an alternative to bone scintigraphy. Delank
et al. described a sensitivity of 0.76 for 18-fluorodeoxyglucose PET (18 F-FDG PET) in detecting aseptic
loosening compared with 0.75 for bone scintigraphy. Likewise, Sterner et al. reported a sensitivity of 1.0
and a specificity of 0.56 [22,23]. The values reported by Delank et al., for both PET and bone scintigraphy, were comparable to our own data for bone scintigraphy. However, in cases of septic complications,
the sensitivity of PET was reported to be higher (1.0) [22]. Interestingly, Mayer-Wagner et al. described
a lower degree of accuracy with 18 F-FDG PET after TKA compared with 18 F-FDG PET after total hip
arthroplasty. They found a sensitivity of 0.56 for aseptic loosening and 0.14 for septic loosening [24].
These values for PET in septic and aseptic cases contradict those of Delank and colleagues. Therefore
Mayer-Wagner et al. would not recommend using PET to diagnose aseptic loosening after TKA.
Nuclear arthrography is a further alternative to detect aseptic loosening. Temmermann et al. presented
comparative data regarding bone scintigraphy and nuclear arthrography after hip arthroplasty. For cemented femoral components they described a sensitivity of 0.75 and a specificity of 0.67 for nuclear
arthrography and a sensitivity of 0.89 and a specificity of 0.37 for bone scintigraphy. For uncemented
femoral components again the sensitivity of bone scintigraphy was higher compared to nuclear arthrography and the specificity was lower. Additionally nuclear arthrography had a high interobserver agreement [17]. In a meta-analysis by Temmermann et al., bone scintigraphy was reported to be less accurate
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in detecting aseptic loosening after total hip arthroplasty compared to plain radiographs and subtraction
arthrography [25]. Contrastingly, the same study group described good interobserver reliability with
bone scintigraphy compared to plain radiographs [17]. Ultimately, they recommended bone scintigraphy
as an additional diagnostic tool for aseptic loosening. In a more recent study French et al. analyzed 27
patients after total hip or total knee arthroplasty that received a nuclear arthrography to detect aseptic
loosening. They found a sensitivity of 0.93, a specificity of 0.83 and a positive and negative predictive
value of 0.88 and 0.91 respectively [26]. The specificity and positive predictive value of bone scintigraphy of the present study is comparable to the values published by French et al. for nuclear arthrography.
A disadvantage of nuclear arthrography might be the intraarticular injection regarding a risk of infection.
Nevertheless it is an alternative with a high accuracy.
Treating complications after TKA remains difficult, both for the practitioner and for the patient. Accurate diagnoses are crucial for the successful treatment of complications. In this study, bone scintigraphy
proved to be a useful tool in the detection of aseptic loosening after TKA.
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