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Abstract

Background: The purpose of our study was to evaluate the clinical value of hybrid SPECT/CT for the assessment of
patients with painful total knee arthroplasty (TKA).

Methods: Twenty-three painful knees in patients following primary TKA were assessed using Tc-99m-HDP-SPECT/
CT. Rotational, sagittal and coronal position of the TKA was assessed on 3D-CT reconstructions. The level of the
SPECT-tracer uptake (0-10) and its anatomical distribution was mapped using a validated localization scheme.
Univariate analysis (Wilcoxon-Mann-Whitney, Spearmean`s-rho test, p < 0.05) was performed to identify any
correlations between component position, tracer uptake and diagnosis.

Results: SPECT/CT imaging changed the suspected diagnosis and the proposed treatment in 19/23 (83%) knees.
Progression of patellofemoral OA (n = 11), loosening of the tibial (n = 3) and loosening of the femoral component
(n = 2) were identified as the leading causes of pain after TKA.
Patients with externally rotated tibial trays showed higher tracer uptake in the medial patellar facet (p = 0.049) and
in the femur (p = 0.051). Patients with knee pain due to patellofemoral OA showed significantly higher tracer
uptake in the patella than others (p < 0.001).

Conclusions: SPECT/CT was very helpful in establishing the diagnosis and guiding subsequent management in
patients with painful knees after TKA, particularly in patients with patellofemoral problems and malpositioned or
loose TKA.

Background
Total knee arthroplasty (TKA) is the treatment of choice
for patients with disabling primary osteoarthritis (OA) of
the knee joint. Although TKA is a very successful surgi-
cal procedure in patients with OA and it generally leads
to satisfactory long-term results, failure does occur in a
considerable number of patients resulting in persistent
or recurrent knee pain [1-4]. The most common causes
are considered to be infection, loosening, instability,
prosthetic malposition, arthrofibrosis and patellofemoral
disorders [1-4]. Clinically it can be difficult to differenti-
ate between causes which necessitate surgical treatment
from those which could be treated non-surgically [1-3].
Hence, identifying the underlying cause of the pain is of

paramount importance for guidance of optimal patient
management. To date no optimal `single-stage` sensitive
and specific diagnostic imaging modality, which inte-
grates mechanical and metabolic data has been reported
for this group of patients [1-3,5,6].
Radiographs are considered to be the primary stan-

dard imaging technique in patients with knee pain after
TKA [1-3]. However, these are only helpful in detecting
gross prosthetic malposition, radiolucencies and frac-
tures. Plain radiographs are less sensitive in detecting
more common but subtle abnormalities such as early
loosening or minor implant malposition [1-3]. Radio-
graphs are also subject to measurement inaccuracy due
to variability in reproducible patient positioning [5-7].
Computer tomography (CT) has its value in identify-

ing TKA malposition and may reveal the extent and size
of periprosthetic lucencies not apparent on plain radio-
graphs [8,9]. Although bone scans or single emission
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computerized tomography (SPECT) give important
information on the osseous metabolism and joint home-
ostasis [10,11] their clinical value is limited due to the
poor accuracy in localizing the increased tracer uptake
[12]. Hybrid SPECT/CT which combines the strengths
of SPECT and CT may be useful in patients with knee
pain after TKA, particularly when other radiographic
imaging provides insufficient, ambigous or non-specific
information [5,6].
The primary purpose of this study was to evaluate the

clinical value of SPECT/CT in patients with knee pain
after primary TKA. The hypothesis was that the use of
SPECT/CT has a substantial clinical impact in terms of
establishment of diagnosis and guidance of further man-
agement in these patients.

Methods
Patients
A total of 23 consecutive patients who have previously
undergone primary TKA and complained about post-
operative knee pain were prospectively collected and
investigated. The patients were all recruited during a
6 months period at a university affiliated hospital specia-
lized in knee surgery. Patients who had undergone a
revision surgery previously were excluded. There were
no other exclusion criteria.
All patients (mean age 69 ± 13 years, range 38-88

years) underwent clinical and radiological examination
including standardized radiographs (anterior-posterior
and lateral weight bearing, patellar skyline view) and
Tc-99m-HDP-SPECT/CT. The mean time from primary
TKA to the date of SPECT/CT imaging was 60 ± 45
months.
Age, gender, side, time from primary TKA, type of

primary TKA, diagnosis before and after SPECT/CT,
final diagnosis and treatment was noted. The final diag-
nosis was based on intraoperative (when revised n = 8)
or microbiological and histological examinations (n = 8),
clinical and radiological findings (n = 15).
Data was analysed to determine whether SPECT/CT

had changed the diagnosis and/or subsequent treatment.
The study was approved by our Institutional Review
Board.

Radiological Imaging
Tc-99m-HDP-SPECT/CT was performed using a hybrid
system (Symbia T16, Siemens, Erlangen, Germany)
which consists of a pair of low energy, high-resolution
collimators and a dual-head gamma camera and an inte-
grated 16 × 0.75-mm slice-thickness CT. All patients
received a commercial 700 MBq Tc-99 m HDP injection
(CIS Bio International Sur Yvette, France). Planar scinti-
graphic images were taken in the perfusion phase
(immediately after injection), the soft tissue phase (1 to

5 minutes after injection) and the delayed metabolic
phase (2 hours after injection). SPECT/CT was per-
formed with a matrix size of 128 × 128, an angle step of
32, and a time per frame of 25 seconds two hours after
injection.
Data were processed by interactive reconstruction on

a computer workstation (Syngo, Siemens, Erlangen, Ger-
many). Images were displayed in orthogonal axial, coro-
nal and sagittal planes and interpreted by one
specialized nuclear radiologist. The tracer activity on
SPECT/CT was noted using a system based colour-
coded grading scale (0-10). The localization of the tracer
activity was recorded on a validated standardized locali-
zation scheme (Figure 1). The intra- and inter-observer
reliability of the measurements have been described pre-
viously. ICC values were >0.9, reflecting a very reliable
methodology [6]. The highest activity grading for each
area of the localization scheme and whether the area of
tracer activity extended to the bone prosthesis interface
was noted.
The rotational (internal-external rotation), sagittal

(flexion-extension, anterior-posterior slope) and coronal
(varus-valgus) alignment of the prostheses were assessed
on 3D reconstructed CT images using a customized
software. The exact measurement procedure has been
previously described [6]. As the head of the femur and
the mid-ankle was not available in these CT images, the
femoral and tibial anatomical axis were determined by
modelling cylinder of best fit to the femoral and tibial
shafts. The axis of the cylinder was assumed to repre-
sent the anatomical axis.

Statistical Analysis
All data were analyzed by an independent statistician
using SPSS version 16.0 (SPSS, Chicago, U.S.A.).

Figure 1 The previously published and used SPECT/CT
classification system. (Reprint permission from Journal KSSTA,
Springer).
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Continuous variables were described using means and
standard deviations or medians and ranges. Categorical
variables were tabulated with absolute and relative fre-
quencies. Univariate analysis (Wilcoxon-Mann-Whitney,
Spearmean`s-rho test, p < 0.05) was performed to iden-
tify any correlations between component position, tracer
uptake and diagnosis. For all analysis, p < 0.05 was con-
sidered statistically significant.

Results
The patients` demographics, follow-up from primary
TKA, type of primary TKA, the diagnosis before and
after SPECT/CT imaging (final diagnosis) and subse-
quent treatment are presented in table 1.
In 11/23 patients progression of patellofemoral OA

was identified as the cause of knee pain and seven of
these 11 cases have been revised or scheduled for revi-
sion (Figure 2). Three patients with symptomatic patel-
lofemoral OA being high risk surgical patients were
reluctant to undergo revision surgery. One patient in
this group had a periprosthetic fracture and a decision
was made to postpone surgery until the fracture had
healed. Six patients with symptomatic patellofemoral
OA showed tibial component malrotation.
Other leading causes of knee pain noted in this study

were tibial (n = 3) and femoral component loosening
(n = 2). Loosening of the femoral component (n = 2)
was associated with external malrotation of the tibial
component (>10°) in 1 patient (Figure 3). Loosening of
the tibial component (n = 3) was associated with exter-
nal malrotation of tibial component (>10°) in 2 patients;
one of these also showed a posterior tibial slope >15°
(Figure 4). In one patient the femoral and tibial compo-
nent was oversized and internally malrotated causing
persistent synovitis.
A clinically relevant change in diagnosis and proposed

treatment before and after SPECT/CT was observed in
19/23 cases. In all patients (n = 8) being revised to date
the diagnosis after SPECT/CT imaging matched with
the intraoperative findings.
The Tc-99m-HDP tracer activity and allocation to

each anatomical area are presented in table 2.
The CT measurements of femoral and tibial compo-

nent position are shown in table 3.
Patients with externally malrotated tibial tray showed

significantly higher tracer activity in the medial patellar
facet (p = 0.049) and by trend in the femur (p = 0.051).
Posterior tibial slope <3° or >10° was associated with

increased femoral tracer uptake (p = 0.040). Patients
with patellofemoral OA as leading cause for their knee
pain showed significantly (p < 0.0001) higher tracer
uptake in the patella than others (table 4).

Patients with loosening of the femoral component
showed significantly higher tracer uptake in the tibia,
which also extended to the prosthetic interface (p =
0.023). The femoral uptake was also higher, but did not
reach statistical significance (p = 0.135). Patients with
loosening of the tibial component showed higher tracer
uptake in the tibia, but the difference was not statisti-
cally significant (p = 0.216).

Discussion
Integrated hybrid SPECT/CT is increasingly considered
to be a promising new diagnostic imaging modality for
orthopaedic patients [5,6,13]. To date SPECT/CT has
not been frequently used among the orthopaedic frater-
nity [5,6,13,14].
The primary purpose of this study was to evaluate the

clinical value of Tc-99m-HDP-SPECT/CT in patients
with knee pain after primary TKA.
The most important findings of our study are

threefold:
Firstly, SPECT/CT imaging significantly changed the

diagnosis and treatment proposed, independently of pre-
vious intention to revise or treat the patient non-surgi-
cally. In addition, the established diagnosis after SPECT/
CT imaging was confirmed intraoperatively in all
patients who have undergone revision surgery.
SPECT/CT proved to be particularly helpful in identi-

fying patellofemoral OA, which was responsible for knee
pain in nearly half of our patients. Patellofemoral pro-
blems such as progression of OA, instability and mal-
tracking are considered to be one of the most frequent
causes for revision after TKA without primary patellar
resurfacing [15,16]. Approximately one third of patients
revised in the first 5 years after TKA are attributed to
instability or patellofemoral complications [15]. All
except one of our patients with patellofemoral problems
presented within the first five years after TKA. In a
recent study Ahmad et al. suggested that bone scans
could be helpful in patients with knee pain following
TKA and they should be used as a screening tool in the
diagnosis of patella-related problems [16]. SPECT/CT is
superior to bone scanning in its ability to accurately
localize the pathological tracer uptake within a small
area of interest. Pagenstert et al. noted that the impor-
tance of SPECT/CT may be most pronounced in com-
plicated anatomical sites such as the foot. This finding
might also be true for the knee which consists of several
different articular compartments (e.g. patellofemoral,
medial and lateral tibiofemoral). The localization of the
cause of pain is considered to be difficult [17]. With
SPECT/CT we could differentiate between changes
within the patellofemoral joint, which may be due to
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Table 1 Patients` demographics, time from primary TKA, suspected diagnosis before SPECT/CT, final diagnosis and performed treatment

No. Initials Sex Age
(yrs)

Time from
primary TKA
(mths)

Side Type of primary prosthesis Suspected diagnosis before
SPECT/CT

Final diagnosis after SPECT/CT Final treatment

1 R.R. m 50 56 R Natural Knee®, Zimmer
(tibial cemented, femoral
uncemented)

Loosening of tibial component Patellofemoral OA Patellar resurfacing

2 H.U. f 73 29 R Natural Knee®, Zimmer
(tibial cemented, femoral
uncemented)

Loosening of tibial and/or
femoral component

Patellofemoral OA Non-surgically

3 S.A. f 85 59 R BalanSys®, Mathys (tibial
cemented, femoral
uncemented)

Patellofemoral hyperpression Patellofemoral hyperpression due to flexion of
femoral component; external malrotation >10°of
tibial component

Non-surgically

4 F.L. f 79 36 L Triathlon®, Stryker (tibial
cemented, femoral
uncemented)

Loosening of tibial and/or
femoral component

Insertion tendinopathy of iliotibial tract due to
external malrotation of tibial component >15°;
posterior tibial slope <3°

Non-surgically

5 P.M. f 55 68 L BalanSys®, Mathys (tibial
cemented, femoral
uncemented)

Infection Patellofemoral OA Patellar resurfacing

6 L.S. f 54 20 L Triathlon®, Stryker (tibial
cemented, femoral
uncemented)

Infection, malrotation of tibial
component

Patellofemoral OA; posterior, tibial slope <3°, Patellar resurfacing

7 K.G. f 77 116 L LCS®, Depuy (tibial
cemented, femoral
uncemented)

Loosening of tibial component Loosening and external malrotation of tibial
component >15°, posterior tibial slope >15°

Revision tibial component

8 M.D. f 65 32 R LCS®, Depuy (tibial
cemented, femoral
uncemented)

Loosening of tibial component Patellofemoral OA Patellar resurfacing

9 H.R. m 67 48 L BalanSys®, Mathys (tibial
cemented, femoral
uncemented)

Loosening of femoral
component

Loosening of femoral component Revision planned

10 A.C. f 38 36 R LCS®, Depuy (tibial
cemented, femoral
uncemented)

Loosening of femoral and/or
tibial component

Incipient loosening of tibial component and
external malrotation >10°

Non-surgically

11 S.C. f 88 212 R LCS®, Depuy (tibial
cemented, femoral
uncemented)

Breakage of polyethylene inlay,
loosening of tibial component

Breakage of polyethylene inlay, posterior tibial slope
14°

Change of inlay

12 R.C. f 52 56 R TC Plus™, Smith&Nephew
(tibial cemented, femoral
uncemented)

Loosening of tibial and/or
femoral component after
periprosthetic fissure

No evidence for loosening; consolidation of
periprosthetic fracture, patellofemoral OA

Non-surgically

13 W.M. m 74 34 R LCS®, Depuy (tibial
cemented, femoral
uncemented)

Loosening of tibial and/or
femoral component

External malrotation of tibial component >15° Revision recommended,
treated non-surgically due to
comorbidities

14 K.A. f 77 48 L Natural Knee®, Zimmer
(tibial cemented, femoral
uncemented)

Loosening of tibial and/or
femoral component; low grade
infection

No evidence for loosening. No malrotation. Patient underwent
physiotherapy; to date
asymptomatic.
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Table 1 Patients` demographics, time from primary TKA, suspected diagnosis before SPECT/CT, final diagnosis and performed treatment (Continued)

15 S.H m 79 18 L Triathlon®, Stryker (tibial
cemented, femoral
uncemented)

Loosening of tibial and/or
femoral component

Patellofemoral OA Patellar resurfacing

16 S.H. m 63 60 L TC Plus™, Smith&Nephew
(tibial cemented, femoral
uncemented)

Loosening of tibial and/or
femoral component

Loosening of tibial component Revision tibial component

17 S.H. m 63 60 R BalanSys®, Mathys (tibial
cemented, femoral
uncemented)

Loosening of tibial and/or
femoral component

Patellofemoral OA, external malrotation >10° of
tibial component

Non-surgically

18 B.W. m 72 48 L Triathlon®, Stryker (tibial
cemented, femoral
uncemented)

Loosening of tibial and/or
femoral component

No evidence for loosening. No malrotation Patient underwent
physiotherapy; to date
asymptomatic.

19 M.D. f 60 9 R Triathlon®, Stryker (tibial
cemented, femoral
uncemented)

Loosening of tibial component,
patellar OA

Patellofemoral OA, posterior tibial slope <3° Planned Patellar resurfacing

20 F.L. f 78 9 R Triathlon®, Stryker (tibial
cemented, femoral
uncemented)

Early loosening of tibial
component, patellar OA

Patellofemoral OA, external malrotation >15° of
tibial component

Planned Patellar resurfacing

21 L.R. f 61 18 R Natural Knee®, Zimmer
(tibial cemented, femoral
uncemented)

Oversized femoral and tibial
component

Persistent synovitis due to oversized femoral and
tibial component, tibial internal malrotation >10°

Femoral and tibial
component revision

22 K.L. m 80 104 L LCS®, Depuy (tibial
cemented, femoral
uncemented)

Loosening of femoral and/or
tibial component

Loosening of femoral component and tibial external
malrotation >15°

Revision recommended,
treated non-surgically due to
comorbidities

23 L.J. f 77 108 R LCS®, Depuy (tibial
cemented, femoral
uncemented)

Loosening of femoral and/or
tibial component

No evidence for loosening. No malrotation Patient underwent
physiotherapy; to date
asymptomatic.
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progression of patellofemoral OA, and other knee com-
partments, which may for example be due to mechanical
loosening of the tibial or femoral prosthetic compo-
nents. It was also feasible to analyse the tracer activity
in the four different areas of the patella, by which corre-
lations between metabolic changes and biomechanics
could be drawn. This might lead to a better understand-
ing of knee biomechanics.
Secondly, by characterisation of tracer uptake and

accurate allocation to an anatomical area SPECT/CT
clearly visualized the metabolic and patho-metabolic
activity of the entire knee joint. The findings that
patients with progression of patellofemoral OA or
mechanical loosening of the femoral component showed
significantly higher regional tracer uptake than others
highlights the question whether we could establish a
diagnostically relevant threshold and cut off value for
tracer activity in patients with these problems. Along
with these thresholds one could establish prognostically

significant classifications indicating when a patient with
knee pain after TKA should be revised.
Although Klett et al. [18] and others [19-21] described

methods of quantitative analysis of SPECT images the
direct comparability of these results is still limited as
their defined ratios of tracer uptake are rather depen-
dent on the reference regions chosen. In addition. the
reproducibility of SPECT measurements in previous stu-
dies was only moderate in selected regions of interest
[18-21].
An accurate definition and localization of the refer-

ence areas are needed but is still lacking. In our pilot
series the femoral mid-shaft region was chosen as refer-
ence area. Ratios were calculated, but as their clinical
value is questionable we decided to report the absolute
values.
Another problem in the interpretation of SPECT tra-

cer uptake is that increased tracer uptake may occur in
20% of patients within the first year after TKA even in
asymptomatic knees with perfectly aligned TKA [11,22].
However, it is commonly agreed that diffusely intense
uptake around the TKA is suspicious for loosening,
infection, mechanical malalignment or progression of
OA [22]. Clearly, no uptake around the TKA makes
these causes of knee pain highly unlikely.
Generally the patella showed more tracer uptake than

other zones, which is in accordance with Kantor et al.
[22]. It might be explained by altered biomechanics after
TKA, which in our series was evident in patients with
tibial malrotation showing significantly increased uptake
of the patella and the femur.

Figure 2 SPECT/CT imaging of a patient with patellofemoral
problems as cause of painful total knee arthroplasty.

Figure 3 SPECT/CT imaging of a patient with mechanical
loosening of femoral component as cause of painful total knee
arthroplasty. (Reprint permission from Journal KSSTA, Springer).

Figure 4 SPECT/CT imaging of a patient with mechanical
loosening of tibial component as cause of painful total knee
arthroplasty.
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Patients with femoral mechanical loosening presented
with increased tracer activity around the femoral tray
which extended more frequently to the bone- prosthesis
interface. This finding could be explained by micromo-
tion of the prosthesis and subsequent stress on the peri-
prosthetic bone resulting in osteoblastic activation [23].
Changes below the tibial tray are considered to be less
specific [23].
Thirdly, measurement of prosthetic component posi-

tion from the SPECT/CT data offered an additional ben-
efit in patients with painful knee after TKA.
Malposition of prosthetic components is one of the

most important factors leading to failure of TKA
[15,24-28]. Chowdhury et al. [29] showed that external
rotation of the tibial component of 15° caused postero-
medial and anterolateral impingement. In addition,

external tibial component rotation of 25° led to liftoff of
the medial femoral condyle resulting in increased inlay
stress due to point loading. With increased external
rotation of the tibial component the contact of the
patellofemoral joint shifted from medial towards the lat-
eral facet. In contrast, this study showed that patients
with a externally malrotated tibial tray had higher tracer
activity in the medial patellar facet.
Within our pilot study we found that nearly half of

the patients showed malrotation of the femoral or tibial
component. The combination of SPECT and CT into
one integrated system offers the conceptual advantage
of correlating component position with tracer uptake in
each anatomical area for patients.
However, the main weakness of our study was that

there were too few patients for the study to have

Table 2 Absolute Tc-99m-HDP SPECT/CT tracer activity localized with the “Bruderholz” scheme ("c” indicates contact
of uptake area to prosthesis interface)

No. Tibia Femur

1 2 3 Others 1 2 other

a p a p a p tip Tibtub shaft sa ia sp ip sa ia sp ip shaft

1 5 5c 4 5c 0 0 0 0 1 0 0 0 7 5c 0 0 7 1

2 0 5c 0 5 0 6 0 0 2 0 3 0 4 0 3 0 7c 2

3 0 6 10c 8 0 0 0 6 1 0 0 0 5c 0 0 0 7c 1

4 10c 10c 4 5 6 0 0 6 2 0 7c 4 7c 0 0 3 6c 2

5. 0 3 6 0 0 0 0 0 3 0 0 0 0 0 0 0 0 2

6 6 7 5 7 0 0 0 4 2 7c 5 5 9c 5 6 5 9 2

7 6 10c 7c 7c 0 10c 10c 10 2 4 4 0 4c 4 3 0 4c 1

8 7c 8c 7c 8c 0 5 5 6 2 5 7 0 7 6 7 0 7 1

9 6 7 6 8 5 5 0 7 1 7 6 0 10c 0 0 0 7c 2

10 6 5 5 9c 10 10c 10c 0 2 4 3 0 5c 4 5c 0 6c 1

11 4c 4c 5c 8c 0 0 0 0 1 4 3 0 7c 5 5c 0 10c 1

12 5c 5c 4c 6c 0 0 0 6 1 4 4 0 6c 6 3 0 4c 1

13 0 0 0 0 0 3 3 3 1 0 0 0 3c 0 0 0 3c 1

14 9c 9c 7c 8c 4c 7c 3c 4 3 3 3 5 7c 4 10c 5 6 3

15 4c 4c 5c 5c 4 2 1 4 1 3c 4 4c 6 5c 5c 7c 10 3

16 7 7 7c 6c 3c 3c 2 3 2 2 3c 3 4c 4c 4c 4c 5c 2

17 3 5c 3c 3c 3c 2c 5c 3 3 1 3c 3 3c 1 2c 2 4c 1

18 3 2 3 3 2c 1 2 2 1 2 2c 4c 3 2 3 3c 3 2

19 4 4 3c 3c 4c 3c 5c 4 1 4c 4c 4c 5c 4c 5c 9c 10c 1

20 4 7c 7c 4c 3c 2c 1 4 1 3c 3c 4c 4c 4c 4c 4c 6c 1

21 4 4 3 5c 1 1 1 1 1 2 3c 7c 7c 2 3c 2c 5c 1

22 4 4 3 3 0 4 4 2 5 4 5c 3 5c 3 3 2 0 1

23 4 6 3 4 0 3 3 0 0 3 4 0 4 3 3 0 3 1

Median 4 5 5 5 0 2 1 3 2 3 3 0 5 4 3 0 6 1

Min 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1

Max 10 10 10 9 10 10 10 10 3 7 7 7 10 6 10 9 10 3
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enough power to investigate the relationship of tracer
uptake and component position in detail. Some differ-
ences did not reach statistical significance but might
become significant once more patients are investigated.
Piloting our SPECT/CT algorithm on a limited conse-

cutive cohort of patients with painful knees after pri-
mary TKA the composition of this group may not be
representative of others. Hence, conclusions should be
drawn with all due caution. However our study gives
sufficient evidence to affirm that SPECT/CT has sub-
stantial clinical value in this subset of patients.

Conclusions
On the basis of our results, we conclude that SPECT/
CT is of great clinical value for the assessment and gui-
dance of subsequent treatment in painful knees after
TKA, particularly in patients with patellofemoral pro-
blems, malpositioned or loose components.

For further studies it would be extremely interesting
to assess the question of clinical relevance of tracer
uptake thresholds, to correlate component position with
tracer uptake and to elucidate the natural course of tra-
cer uptake before and after TKA.
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Table 3 The rotational 3D-CT measurements of patients
after total knee arthroplasty

No. 3D-CT measurements

Femoral Tibial

Varus
(+)/
Valgus
(-)

Flexion
(+)/
Extension
(-)

Internal
(+)/
External
rotation
(-)

Varus
(+)/
Valgus
(-)

Posterior
slope

Internal
(+)/
External
rotation
(-)

1. -5 -5 0 5 10 2

2 -7 1 6 8 2 -8

3 4 1 2 0 10 -14

4 -8 3 5 8 2 -20

5 -2 3 4 1 8 -5

6. -2 0 1 3 1 9

7 -9 0 4 3 19 -29

8 -4 5 2 4 6 -1

9. -4 -4 6 4 8 2

10 -5 6 5 6 10 -14

11 5 9 4 2 14 -9

12 -12 0 0 3 5 -8

13 -9 3 9 5 7 -17

14 -8 -2 3 1 8 5

15 -8 1 0 4 4 -4

16 -8 -2 5 4 10 1

17 -5 5 -1 4 9 -15

18 -6 -1 7 -1 10 1

19 1 1 0 -1 1 -5

20 -8 9 3 2 5 -20

21 -9 6 4 4 9 11

22 2 5 -5 5 4 -16

23 -5 11 -5 5 9 -17

Table 4 Tc-99m-HDP tracer activity within the patella in
patients with patellofemoral OA as cause for revision
versus others

No. Initials 1i 1s 2i 2s Median
value

Highest Value
medial

Highest
value lateral

Patients with patellofemoral OA a s cause of knee pain

1 R.R. 6 8 8 10 8 8 10

2 H.U. 7 9 7 10 8 9 10

3 S.A. 6 4 9 5 5.5 6 9

5 P.M. 10 9 10 9 9.5 10 10

6 L.S. 7 8 8 10 8 8 10

8 M.D. 6 6 7 6 6 6 7

12 R.C. 10 9 10 9 9.5 10 10

15 S.H 10 9 7 7 8 10 7

17 S.H. 7 6 7 10 7 7 10

19 M.D. 6 8 7 6 6.5 8 7

20 F.L. 10 10 10 10 10 10 10

Patient with other causes for knee pain

4 F.L. 4 4 6 6 5 4 6

7 K.G. 6 5 6 6 6 5 6

9 H.R. 5 4 4 3 4 5 4

10 A.C. 7 6 8 8 7.5 6 8

11 S.C. 8 8 6 6 7 8 6

13 W.M. 3 3 3 4 3 4 4

14 K.A. 8 7 8 5 7.5 8 8

16 S.H. 6 4 6 4 5 6 6

18 B.W. 2 2 3 2 2 2 3

21 L.R. 5 3 8 5 5 5 8

22 K.L. 3 4 4 3 3.5 4 4

23 L.J. 4 3 3 3 3 4 3

Spearman`s rho correlation between groups .713 (p = 0.000) .697 (p = 0.000)
.743 (p = 0.000).

Hirschmann et al. BMC Musculoskeletal Disorders 2011, 12:36
http://www.biomedcentral.com/1471-2474/12/36

Page 9 of 10



draft of the manuscript. NFF participated in the design of the study,
interpretation of the results and helped with the draft of the manuscript. All
authors read and approved the final manuscript.

Competing interests
The authors declare that they have no competing interests.

Received: 11 September 2010 Accepted: 4 February 2011
Published: 4 February 2011

References
1. Dennis DA: Evaluation of painful total knee arthroplasty. J Arthroplasty

2004, 19(4 Suppl 1):35-40.
2. Mandalia V, Eyres K, Schranz P, Toms AD: Evaluation of patients with a

painful total knee replacement. J Bone Joint Surg Br 2008, 90(3):265-271.
3. Toms AD, Mandalia V, Haigh R, Hopwood B: The management of patients

with painful total knee replacement. J Bone Joint Surg Br 2009,
91(2):143-150.

4. Sharkey PF, Hozack WJ, Rothman RH, Shastri S, Jacoby SM: Insall Award
paper. Why are total knee arthroplasties failing today? Clin Orthop Relat
Res 2002, , 404: 7-13.

5. Hirschmann MT, Iranpour F, Davda K, Rasch H, Hugli R, Friederich NF:
Combined single-photon emission computerized tomography and
conventional computerized tomography (SPECT/CT): clinical value for
the knee surgeons? Knee Surg Sports Traumatol Arthrosc 2009,
18(3):341-345.

6. Hirschmann MT, Iranpour F, Konala P, Kerner A, Rasch H, Cobb JP,
Friederich NF: A novel standardized algorithm for evaluating patients
with painful total knee arthroplasty using combined single photon
emission tomography and conventional computerized tomography. Knee
Surg Sports Traumatol Arthrosc 2010, 18(7):934-944.

7. Henckel J, Richards R, Lozhkin K, Harris S, Baena FM, Barrett AR, Cobb JP:
Very low-dose computed tomography for planning and outcome
measurement in knee replacement. The imperial knee protocol. J Bone
Joint Surg Br 2006, 88(11):1513-1518.

8. Suter T, Zanetti M, Schmid M, Romero J: Reproducibility of measurement
of femoral component rotation after total knee arthroplasty using
computer tomography. J Arthroplasty 2006, 21(5):744-748.

9. Victor J: Rotational alignment of the distal femur: A literature review.
Orthop Traumatol Surg Res 2009, 95(5):365-372.

10. Dye S, Chew MH: The use of scintigraphy to detect increased osseous
metabolic activity about the knee. J Bone Joint Surg 1993, 75:1388-1406.

11. Gratz S, Hoffken H, Kaiser JW, Behr TM, Strosche H, Reize P: [Nuclear
medical imaging in case of painful knee arthroplasty]. Radiologe 2009,
49(1):59-67.

12. Schillaci O, Danieli R, Manni C, Simonetti G: Is SPECT/CT with a hybrid
camera useful to improve scintigraphic imaging interpretation? Nucl Med
Commun 2004, 25(7):705-710.

13. Scharf S: SPECT/CT imaging in general orthopedic practice. Semin Nucl
Med 2009, 39(5):293-307.

14. Knupp M, Pagenstert GI, Barg A, Bolliger L, Easley ME, Hintermann B:
SPECT-CT compared with conventional imaging modalities for the
assessment of the varus and valgus malaligned hindfoot. J Orthop Res
2009, 27(11):1461-6.

15. Fehring TK, Odum S, Griffin WL, Mason JB, Nadaud M: Early failures in total
knee arthroplasty. Clin Orthop Relat Res 2001, , 392: 315-318.

16. Ahmad R, Kumar GS, Katam K, Dunlop D, Pozo JL: Significance of a “hot
patella” in total knee replacement without primary patellar resurfacing.
Knee 2009, 16(5):337-340.

17. Pagenstert GI, Barg A, Leumann AG, Rasch H, Muller-Brand J, Hintermann B,
Valderrabano V: SPECT-CT imaging in degenerative joint disease of the
foot and ankle. J Bone Joint Surg Br 2009, 91(9):1191-1196.

18. Klett R, Steiner D, Laurich S, Bauer R, Kordelle J: Evaluation of aseptic
loosening of knee prostheses by quantitative bone scintigraphy.
Nuklearmedizin 2008, 47(4):163-166.

19. Rubello D, Caricasulo D, Borsato N, Chierichetti F, Zanco P, Ferlin G: Three-
phase bone scan pattern in asymptomatic uncemented total knee
arthroplasty. Eur J Nucl Med 1996, 23(10):1400-1403.

20. Sacchetti GM, Ghisellini F, Brambilla M, De Consoli A, Fornara P, Rizzo E,
Rudoni M, Inglese E, Cannas M: Quantitative scintigraphic evaluation of

total knee arthroplasties: a feasibility study. Clin Orthop Relat Res 1996, ,
325: 181-189.

21. Verlooy H, Victor J, Renson L, Vandecruys A, Drent P, Mortelmans L, De
Roo M: Limitations of quantitative radionuclide bone scanning in the
evaluation of total knee replacement. Clin Nucl Med 1993, 18(8):671-674.

22. Kantor SG, Schneider R, Insall JN, Becker MW: Radionuclide imaging of
asymptomatic versus symptomatic total knee arthroplasties. Clin Orthop
Relat Res 1990, , 260: 118-123.

23. Math KR, Zaidi SF, Petchprapa C, Harwin SF: Imaging of total knee
arthroplasty. Semin Musculoskelet Radiol 2006, 10(1):47-63.

24. Kienapfel H, Springorum HP, Ziegler A, Klose KJ, Georg C, Griss P: [Effect of
rotation of the femoral and tibial components on patellofemoral
malalignment in knee arthroplasty]. Orthopade 2003, 32(4):312-318.

25. Victor J, Van Doninck D, Labey L, Van Glabbeek F, Parizel P, Bellemans J: A
common reference frame for describing rotation of the distal femur: a
ct-based kinematic study using cadavers. J Bone Joint Surg Br 2009,
91(5):683-690.

26. Barrack RL, Schrader T, Bertot AJ, Wolfe MW, Myers L: Component rotation
and anterior knee pain after total knee arthroplasty. Clin Orthop Relat Res
2001, , 392: 46-55.

27. Berger RA, Crossett LS, Jacobs JJ, Rubash HE: Malrotation causing
patellofemoral complications after total knee arthroplasty. Clin Orthop
Relat Res 1998, , 356: 144-153.

28. Romero J, Stahelin T, Wyss T, Hofmann S: [Significance of axial rotation
alignment of components of knee prostheses]. Orthopade 2003,
32(6):461-468.

29. Chowdhury EA, Porter ML: A study of the effect of tibial tray rotation on
a specific mobile bearing total knee arthroplasty. J Arthroplasty 2005,
20(6):793-797.

Pre-publication history
The pre-publication history for this paper can be accessed here:
http://www.biomedcentral.com/1471-2474/12/36/prepub

doi:10.1186/1471-2474-12-36
Cite this article as: Hirschmann et al.: Clinical value of SPECT/CT for
evaluation of patients with painful knees after total knee arthroplasty-a
new dimension of diagnostics? BMC Musculoskeletal Disorders 2011 12:36.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Hirschmann et al. BMC Musculoskeletal Disorders 2011, 12:36
http://www.biomedcentral.com/1471-2474/12/36

Page 10 of 10

http://www.ncbi.nlm.nih.gov/pubmed/15190547?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18310744?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18310744?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19190044?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19190044?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12439231?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12439231?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19629436?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19629436?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19629436?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20148326?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20148326?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20148326?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17075100?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17075100?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16877163?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16877163?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16877163?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19592323?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18597065?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18597065?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15208498?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15208498?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19646556?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19472383?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19472383?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11716402?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11716402?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19254845?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19254845?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19721045?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19721045?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18690376?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18690376?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8781147?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8781147?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8781147?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8998872?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8998872?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8403699?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8403699?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2225613?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2225613?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16514580?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16514580?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12707695?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12707695?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12707695?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19407308?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19407308?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19407308?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11716424?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11716424?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9917679?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9917679?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12819884?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12819884?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16139718?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16139718?dopt=Abstract
http://www.biomedcentral.com/1471-2474/12/36/prepub

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Patients
	Radiological Imaging
	Statistical Analysis

	Results
	Discussion
	Conclusions
	Acknowledgements
	Author details
	Authors' contributions
	Competing interests
	References
	Pre-publication history

