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inTroDuCTion
Knee pain is a common symptom and may cause significant 
morbidity and reduction in quality of life. A wide spectrum 
of pathology affecting bones, joints and soft tissues may 
cause knee pain. Imaging is a valuable adjunct to clinical 
assessment in evaluating the cause of knee pain—options 
include radiography, ultrasound, CT, MRI, 99mTc methylene 
diphosphonate (Tc-99m MDP) two-phase bone scintig-
raphy (BS), single photon emission computed tomogra-
phy(SPECT) and SPECT/CT.

Plain X-ray is often the first line of line of investigation 
used in the assessment of knee pain as is the easiest and 
a cost-effective modality. However, detailed assessment of 
bone; ligaments, cartilage, and soft-tissue are limited on 

plain X-ray. CT scan is useful in the assessment of cortical 
bone abnormalities and fractures eloquently and provides 
excellent anatomical detail but may be optimal to assess 
soft tissue abnormalities. MRI offers excellent soft tissue 
contrast and is useful to assess the integrity of the cartilage, 
subarticular bone changes/abrasions, subchondral cystic 
changes, meniscal/ ligament abnormalities, and synovial 
inflammation/bursitis, without radiation burden. However, 
contrast agents used in CT and MRI has small risk of hyper-
sensitivity reactions.

Selecting the most appropriate imaging modality is essen-
tial and should be directed by clinical assessment and 
knowledge of the mechanism of injury. Imaging find-
ings, together with clinical findings, will in turn direct 

Received: 
13 February 2018

Accepted: 
11 June 2018

Revised: 
31 May 2018

© 2018 The Authors. Published by the British Institute of Radiology

objective: To assess the role of single photon emission 
computed tomography (SPECT/CT) in the evaluation of 
knee pain as well as comparing bone scintigraphy (BS), 
SPECT and SPECT/CT, and assessing the incremental 
value of SPECT/CT.
methods: BS, SPECT and SPECT/CT of patients with 
knee pain (39 patients, 65 knees, 105 lesions) were 
directly compared for lesion detection, localisation 
and characterisation using lesion-based, knee-based 
and patient-based analyses in this retrospective  
study.
results: Lesion detection: BS (91.4%), SPECT (100%) 
and SPECT/CT (100%). SPECT and SPECT/CT detected 
significantly more lesions than BS (p < 0.05). Lesion 
localisation: BS (38.5–41.7%), SPECT (74.4–83.3%) and 
SPECT/CT (100%). SPECT localised significantly more 
lesions than BS; SPECT/CT localised significantly more 
lesions than BS and SPECT (p < 0.01). Lesion charac-
terisation: BS (23.0–52.1%), SPECT (30.8–56.2%) and 

SPECT/CT (92.3–96.9%). SPECT/CT characterised signif-
icantly more lesions than BS and SPECT (p < 0.01). 
Characterisation of non-arthropathy lesions: BS (6.25%), 
SPECT (12.5%) and SPECT/CT (93.75%). SPECT/CT char-
acterised significantly more non-arthropathy lesions 
than BS and SPECT (p < 0.01). BS and SPECT detected 
none, while SPECT/CT detected 100% of the causative/
contributing/associated conditions that co-existed with 
osteoarthritis. Therefore SPECT/CT detected not only 
just osteoarthritis but also the causative/contributing/
associated conditions.
Conclusion: SPECT/CT added significant incremental 
value to BS and SPECT irrespective of whether evalu-
ation was lesion-based, knee-based or patient-based. 
SPECT/CT represents a viable alternative to MRI, and 
addition of SPECT/CT to BS and SPECT should be 
considered in the evaluation of knee pain.
advances  in  knowledge: Incremental value of bone 
SPECT/CT in knee pain.
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subsequent management. Timely and appropriate imaging strat-
egies are therefore vital in evaluation of the knee.

BS has a high sensitivity, good contrast resolution and ability 
to demonstrate bone abnormalities early before morphological 
changes are evident.1–4 BS is also affordable and widely available. 
However, BS has limited specificity largely due to the non-spe-
cific mechanism of tracer uptake, which essentially reflects bone 
turnover of any aetiology. SPECT allows tomographic imaging 
and multiplanar reconstruction5–7 resulting in better contrast 
resolution, anatomical localisation and characterisation of 
lesions.2,8–12 This in turn translates to improvement in sensi-
tivity, specificity and accuracy.3,13 Addition of companion CT 
to SPECT in hybrid SPECT/CT imaging harnesses the excellent 
anatomical detail and spatial resolution provided by CT, which 
further improves the precision of lesion localisation and accuracy 
of lesion characterisation and hence improves specificity.2,14–17 
Furthermore CT allows scatter and attenuation correction that 
improves spatial resolution.1,5–7 The marriage of functional and 
anatomical imaging techniques in SPECT/CT is complementary 
and synergistic, combining the contrast resolution of SPECT 
with the spatial resolution of CT, maximising the strengths and 
mitigating the limitations of each individual modality, resulting 
in improved sensitivity and specificity. This in turn translates to 
increased diagnostic confidence, improved diagnostic accuracy, 
more definitive diagnoses, and fewer equivocal and indetermi-
nate findings. Ultimately, this speeds diagnosis and expedites 
treatment.

SPECT/CT had been reported to improve localisation and char-
acterisation of bone metastases2,8–10 and bone infection18–22 
resulting in increased diagnostic accuracy. SPECT was reported 
to be accurate in evaluating the knee23–26 and useful in directing 
arthroscopy.23,27,28 However there are currently limited data on 
SPECT/CT in the evaluation of the knee. Data from small series 
showed SPECT/CT to be useful in characterising and diagnosing 
post-surgical knee pain.29,30 Although SPECT/CT is generally 
recognised to be more accurate than BS and SPECT,9,10,31–33 
there are as yet no available data quantifying the improvement 
of SPECT/CT over BS and SPECT, and whether the incremental 
value of SPECT/CT is significant in evaluation of the knee. Such 
data are important to justify the higher cost, greater radiation 
burden and longer scan time of using SPECT/CT. This study aims 
to address this issue of how much incremental value SPECT/CT 
adds by directly comparing BS, SPECT and SPECT/CT in the 
detection, localisation and characterisation of knee lesions.

meThoDS anD maTerialS

Patients
This retrospective study was part of SPECT/CT service evalu-
ation audit and analysed 39 patients (14 males and 25 females; 
median age, 43 years; range, 22 to 84 years) who presented with 
knee pain and had undergone X-ray of knee joints followed by 
BS and SPECT/CT of the knee. All lesions around the knees 
detected on BS, SPECT and SPECT/CT were included in the 
analysis and 35/39 patients were followed up for at least 1 year. 
Four patients were lost to follow up.

Two-phase bone scintigraphy
BS of the knees was performed before SPECT/CT. After intra-
venous administration of 600 MBq of Tc-99m MDP, early phase 
blood pool imaging was performed within 5 min and delayed 
phase bone imaging was performed 3 to 4 h post injection. Planar 
images of the knees were acquired using a dual-head gamma 
camera with low energy high resolution collimators. Anterior, 
posterior and lateral projections of the knees were acquired for 
early and delayed phase imaging. Delayed whole body images 
were acquired as well.

SPECT and SPECT/CT
SPECT/CT of the knees was performed after completion of BS. 
SPECT/CT images were acquired using a dual-head gamma 
camera with 16-slice CT system (Precedence 16, Philips, Milpitas, 
CA) as described previously.34 Low-dose CT was acquired first 
(120 kV, 100 mA per slice, pitch of 1.188 with rotation time of 
0.75 s, 16 × 0.75 mm collimation, images reconstructed to 0.683 
mm transverse pixel size and 1.5 mm slice thickness). After 
CT acquisition, SPECT was performed without changing the 
patient’s position using a dual-head gamma camera with low 
energy high resolution collimators in 128 projections of 20 s 
each over 360°. Reconstruction of SPECT data were performed 
with Orderly Subsets Expectation Maximum (5 iterations over 8 
subsets), incorporating depth-dependent resolution compensa-
tion (Astonish, Philips Medical Systems) using the manufactur-
er’s software (AutoSPECT +v3.5 and Syntegra v2.2).34

Image and statistical analysis
Two nuclear medicine physicians and a musculoskeletal radiol-
ogist reviewed the scans. The nuclear medicine physicians 
reported the Tc-99m MDP bone scans (planar and SPECT) 
independently. The musculoskeletal radiologist reviewed the 
CT study. The final diagnosis was made based on corroborating 
BS, SPECT and CT findings. The number of knee lesions that 
were detected, precisely localised and accurately characterised 
was determined. A lesion was considered detected if it could 
be visualised on the imaging modality. A lesion was considered 
precisely localised if the exact site of lesion could be determined. 
A lesion was considered accurately characterised if a single diag-
nosis could be made without other differentials. Bone tumours 
or tumour-like lesions were considered accurately characterised 
if they could be determined as benign or malignant.

Imaging findings of BS, SPECT and SPECT/CT were analyzed 
and direct comparison of BS, SPECT and SPECT/CT was made 
based on detection, localisation and characterisation of lesions. 
Lesion-based, knee-based and patient-based analyses were 
undertaken and incremental values were calculated. Statistical 
significance of the incremental values was determined using 
McNemar test with p value of less than 0.05 (p < 0.05) considered 
as statistically significant.

reSulTS
There were 105 lesions detected by BS, SPECT and SPECT/CT in 
65 knees from 39 patients (Table 1). The majority of knee lesions 
involved bones and joints (n = 101) while the remainder involved 
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soft tissues (n = 4). The single most common knee lesion by far 
was osteoarthritis (45/105 lesions, 42.9%).

Diagnosis of knee lesions
The knee lesions in this study encompassed a wide spectrum 
of aetiologies including degenerative, traumatic, infective, 
neoplastic, congenital and iatrogenic causes. Diagnoses of knee 
lesions were confirmed by imaging (BS, SPECT, SPECT/CT or 
MRI), surgery, biopsy, follow-up (clinical or imaging) or any 
combination of these.

Osteoid osteoma, osteonecrosis, osteochondral abnormality, 
loose bodies, patella maltracking/malalignment, bipartite patella 
with pseudoarthrosis, and fractures were diagnostic on the CT 
component of SPECT/CT with corresponding increase in osteo-
blastic activity. The fractures involved the proximal fibula in one 
patient and lateral tibial condyle in another. Osteoarthritis, syno-
vial inflammation, shin splint, meniscus injury and quadriceps 
tendinosis were diagnostic on BS and SPECT showing typical 
patterns of tracer uptake. Lesions due to bone remodelling were 
secondary to prior surgical procedures and trauma namely ante-
rior cruciate ligament reconstruction, lateral collateral ligament 
reconstruction and healing fracture, and these were diagnosed 

on SPECT/CT with increased osteoblastic activity at the site of 
surgery or trauma. Soft tissue lesions namely prepatellar bursitis 
and soft tissue infection in the anterior knee were diagnosed on 
SPECT/CT with abnormal extra osseous tracer uptake in the 
affected soft tissues. CT showed a draining sinus in a case of soft 
tissue infection. Benign bone lesions were diagnosed on CT and 
follow-up. On CT, benign bone lesions were well-defined with 
narrow zone of transition and were stable on follow-up. Malig-
nant bone lesions were osteosarcoma of the proximal tibia and 
lymphomatous marrow involvement, both of which were diag-
nosed on histology. Osteosarcoma showed increased vascularity 
and intense osteoblastic activity on BS, and ill-defined appear-
ance with a wide zone of transition and cortical breach on CT. 
Lymphomatous marrow lesions were ill-defined with a wide zone 
of transition on CT and showed increased metabolic activity on 
staging 18F-FDG PET/CT with complete metabolic resolution 
post-chemotherapy. All the lesions due to bone infection had 
a background of prior surgical intervention namely total knee 
replacement and below knee amputation. One lesion was diag-
nosed with Indium-111 white blood cell scan while the others 
were diagnosed based on clinical, biochemical, microbiological 
and imaging findings and follow-up. Clinical information that 
corroborated with imaging findings were helpful in confirming 
diagnosis namely history of psoriasis, renal transplantation, 
surgical intervention or trauma. A patient with prior renal 
transplantation had osteonecrosis likely secondary to long-term 
treatment with steroids. In addition osteoid osteoma, patella 
maltracking/malalignment and infection had typical signs or 
symptoms.

Lesion-based analysis (SPECT vs SPECT/CT for 105 
lesions)
Of the 105 knee lesions, BS detected 96/105 (91.4%), SPECT 
105/105 (100%) and SPECT/CT 105/105 lesions (100%). SPECT 
and SPECT/CT detected 9 more lesions than BS (8.6%, p < 0.05). 
The results are summarised in Table 2.

SPECT and SPECT/CT detected all 105 lesions. For lesion local-
isation, SPECT accurately localised 89/105 lesions (84.8%) and 
SPECT/CT 105/105 lesions (100%). For lesion characterisation, 
SPECT characterised 56/105 lesions (53.3%) and SPECT/CT 
102/105 lesions (97.1%). On comparing, SPECT/CT localised 16 
more lesions (15.2%, p < 0.001) and characterised 46 more lesions 

Table 1. Spectrum of knee lesions detected on BS, SPECT and 
SPECT/CT

Type of lesion Number
Bones and joints 

  Osteoarthritis 45

  Psoriatic arthropathy 4

  Synovial inflammation 1

  Osteonecrosis 8

  Osteochondral abnormality 8

  Loose body 1

  Meniscus injury 1

  Osteoid osteoma 2

  Benign bone lesion 4

  Malignant bone tumour 4

  Patella maltracking/malalignment 9

  Bipartite patella with pseudoarthrosis 1

  Loosening of knee prosthesis 2

  Bony remodelling post surgery/trauma 4

  Fracture 2

  Shin splint 2

  Bone infection 3

Soft tissues 

  Soft tissue infection with sinus 1

  Prepatellar bursitis 2

  Quadriceps tendinosis 1

Total 105

Table 2. Comparing BS, SPECT and SPECT/CT in the detection 
of 105 knee lesions

BS vs SPECT vs SPECT/CT (n = 105)

Modality Number of 
lesions (%)

Difference
(BS vs SPECT or SPECT/

CT)
Detection 

  BS 96 (91.4%)
9 (8.6%)
p < 0.05  SPECT 105 (100%)

  SPECT/CT 105 (100%)
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(43.8%, p < 0.001) than SPECT. The results are summarised in 
Table 3 and Figure 1.

Lesion-based analysis (BS vs SPECT vs SPECT/CT 
for 96 lesions)
All 96 knee lesions detected by BS were also detected by SPECT 
and SPECT/CT, and were therefore used for comparison of these 
three imaging modalities. For lesion localisation, BS accurately 
localised 40/96 (41.7%), SPECT 80/96 (83.3%) and SPECT/CT 
96/96 (100%) lesions. On comparing, SPECT localised 40 more 
lesions (41.7%, p < 0.001) than BS, SPECT/CT 56 more lesions 
(58.3%, p < 0.001) than BS and 16 more lesions (16.7%, p < 0.001) 
than SPECT. For lesion characterisation, BS characterised 50/96 
(52.1%), SPECT 54/96 (56.2%) and SPECT/CT 93/96 (96.9%) 
lesions. On comparing, SPECT characterised 4 more lesions 
(4.2%, p > 0.1) than BS, SPECT/CT 43 more lesions (44.8%, p 
< 0.001) than BS and 39 more lesions (40.6%, p < 0.001) than 
SPECT. The results are summarised in Table 4 and Figure 2a.

Among the 96 lesions, 48 lesions were due to arthropathy namely 
osteoarthritis (n = 44) and psoriatic arthropathy (n = 4). BS char-
acterised 47/48 (97.9%), SPECT 48/48 (100%) and SPECT/CT 
48/48 (100%) arthropathy lesions. In a subset analysis of the 
remaining 48 non-arthropathy lesions, BS characterised 3/48 
(6.25%), SPECT 6/48 (12.5%) and SPECT/CT 45/48 (93.75%) 
lesions. On comparing, SPECT characterised 3 more lesions 
(6.25%, p > 0.2) than BS, SPECT/CT 42 more lesions (87.5%, 
p < 0.001) than BS and 39 more lesions (81.25%, p < 0.001) 

than SPECT for non-arthropathy lesions. The findings showed 
that BS and SPECT could characterise arthropathy lesions very 
well but were poor at characterising non-arthropathy lesions. In 
contrast SPECT/CT could characterise both arthropathy and 
non-arthropathy lesions very well. The results are summarised in 
Table 4 and Figure 2a.

Subset analysis was performed for 9 knees with osteoarthritis that 
had co-existing conditions causing, contributing to or associated 
with osteoarthritis namely patellar maltracking/malalignment (n 
= 6), osteochondral lesion (n = 2) and loose bodies (n = 1). Both 
BS and SPECT detected none of the 9 causative/contributing/
associated lesions although they could detect all 9 osteoarthritis 
lesions. In contrast SPECT/CT detected all 9 causative/contrib-
uting/associated lesions in addition to all 9 osteoarthritis lesions. 
Therefore SPECT/CT detected not just osteoarthritis but also the 
cause of it, and the lesions contributing to or associated with it.

Patient-based analysis (BS vs SPECT vs SPECT/CT 
for 39 patients)
There were 39 patients with knee pain. Bilateral knee lesions were 
detected in 26 patients (66.7%) and unilateral knee lesions in 13 
patients (33.3%). For lesion localisation, BS accurately localised 
all knee lesions for 15/39 patients (38.5%), SPECT for 29/39 
patients (74.4%) and SPECT/CT for 39/39 patients (100%). On 
comparing, SPECT localised all knee lesions in 14 more patients 
(35.9%, p < 0.001) than BS, SPECT/CT in 24 more patients 
(61.5%, p < 0.001) than BS, and SPECT/CT in 10 more patients 
(25.6%, p < 0.002) than SPECT. The results are summarised in 
Table 5 and Figure 2b.

For lesion characterisation, BS characterised all knee lesions for 
9/39 patients (23.0%), SPECT for 12/39 patients (30.8%) and 
SPECT/CT for 36/39 patients (92.3%). On comparing, SPECT 
characterised all knee lesions in 3 more patients (7.7%, p > 0.2) 
than BS, SPECT/CT in 27 more patients (69.2%, p < 0.001) than 
BS, and SPECT/CT in 24 more patients (61.5%, p < 0.001) than 
SPECT. The results are summarised in Table 5 and Figure 2b.

DiSCuSSion
Two-phase bone scintigraphy has high sensitivity but limited 
specificity.1 When evaluating the knee, specificity is important 
as there are many causes of knee pain with different pathology 
having different prognosis and management strategy. Further-
more, multiple pathologies can co-exist in a single knee and 
each may contribute to symptoms to varying degrees. There-
fore management of knee pain requires a more individualised 
approach catering to the knee pathology and patient’s lifestyle. 
To achieve this, accurate diagnosis of the cause of knee pain is 
vital.

Although BS was sensitive and could detect 91.4% of knee lesions 
in this study, addition of SPECT or SPECT/CT further improved 
the already good sensitivity with a significant incremental 
value of 8.6%. However the greatest benefit of SPECT/CT was 
seen in the significant incremental value that it added to BS for 
both localisation and characterisation of lesions (44.8 to 69.2%) 
regardless of whether analysis was lesion-based, knee-based or 

Table 3. Comparing SPECT and SPECT/CT in lesion-based 
analysis of 105 knee lesions

SPECT vs SPECT/CT (n = 105)

Modality Number of 
lesions (%)

Difference
(SPECT vs SPECT/CT)

Localisation 

  SPECT 89 (84.8%) 16 (15.2%)
p < 0.001  SPECT/CT 105 (100%)

Characterization 

  SPECT 56 (53.3%) 46 (43.8%)
p < 0.001  SPECT/CT 102 (97.1%)

Figure 1. Graph illustrating the incremental value (SPECT vs 
SPECT/CT) in lesion-based analysis of 105 knee lesions. 
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patient-based. SPECT/CT also added significant incremental 
value to SPECT for localisation and characterisation of lesions 
(15.2 to 61.5%). SPECT added significant incremental value to 
BS for localisation of lesions (35.4 to 41.7%) but not for charac-
terisation of lesions (3.1 to 7.7%). BS and SPECT characterised 
arthropathy lesions very well (97.9 and 100% respectively) but 
were dismal at characterising non-arthropathy lesions (6.25 and 
12.5% respectively) whereas SPECT/CT was excellent at charac-
terising both arthropathy and non-arthropathy lesions (100 and 
93.75% respectively).

There was a progressive stepwise improvement from BS to 
SPECT to SPECT/CT for localisation and characterisation of 
lesions. Every stepwise improvement and incremental value was 
significant except for improvement of lesion characterisation 
from BS to SPECT which was small and not significant since 
both modalities were similarly poor. This pattern of progressive 
stepwise improvement and incremental value was similar for 
lesion-based, knee-based and patient-based analyses and was 
therefore reproducible irrespective of whether evaluation was 
made from the perspective of the lesion, knee or patient.

The significant incremental value that SPECT/CT adds for 
characterising lesions is largely due to the companion CT 
(Figures  3–5). CT provides excellent anatomical information 
and can accurately diagnose morphological abnormalities 
namely patellar malalignment, bipartite patella with pseudoar-
throsis, osteochondral lesions and loose bodies, which could not 
be confidently characterised on BS or SPECT. Osteoid osteoma, 
osteonecrosis and fracture have typical and diagnostic CT 
appearances. Arguably BS and SPECT can possibly characterise 

osteoid osteoma, osteonecrosis and fracture as well especially 
with corroborating clinical history but the level of confidence 
is lower and definitive diagnosis is limited on BS. CT is able to 
more accurately distinguish between benign and malignant bone 
lesions using features such a lesion margin and the definition 
of zone of transition between normal and abnormal trabecular 
patterns. Without CT information, BS and SPECT will be less 
efficient in characterising and differentiating benign from malig-
nant bone lesions. When evaluating soft tissue lesions, SPECT/
CT precisely localises tracer uptake to soft tissues resulting in 
accurate characterisation. Without CT, BS and SPECT are less 
able to determine whether the tracer uptake is from soft tissues 
or bones due to close proximity and hence are unable to charac-
terise accurately. Finally, CT can demonstrate anatomical abnor-
malities that cause or contributes to osteoarthritis including 
patellar maltracking/malalignment, osteochondral lesion and 
loose bodies which BS and SPECT cannot. Thus SPECT/CT not 
only detects osteoarthritis but also demonstrates the cause of it, 
which is valuable in directing treatment to the cause rather than 
simply managing osteoarthritis.-

Initial clinical evaluation of the knee and knowledge of the 
mechanism of injury are important for determining the likely 
causes of knee pain and directing the most appropriate imaging 
test to perform. MRI is often the favoured imaging modality to 
evaluate the knee because it is excellent at assessing soft tissues 
and bone marrow, providing superior anatomical details and soft 
tissue characterisation. MRI also does not have ionising radia-
tion. However MRI is limited in assessing bone cortical abnor-
malities and post-surgical knees with indwelling orthopedic 
hardware causing significant artefacts. There are also known 

Table 4. Comparing BS, SPECT and SPECT/CT in lesion-based analysis of 96 knee lesions

BS vs SPECT vs SPECT/CT (n = 96)

Modality Number of lesions 
(%)

Difference (BS vs 
SPECT)

Difference (BS vs 
SPECT/CT)

Difference (SPECT vs 
SPECT/CT)

Localisation 

   BS 40 (41.7%) } 40 (41.7%) } P < 0.001 } 56 (58.3%) P < 0.001 }

   SPECT 80 (83.3%) } 16 (16.7%) } P < 0.001

   SPECT/CT 96 (100%)

Characterisation 

   BS 50 (52.1%) } 4 (4.2%) } P > 0.1 } 43 (44.8%) P < 0.001 }

   SPECT 54 (56.2%) } 39 (40.6%) } P < 0.001

   SPECT/CT 93 (96.9%)

 BS vs SPECT vs SPECT/CT (excluding arthropathy lesions n = 48)

Modality Number of lesions 
detected (%)

Difference (BS vs 
SPECT)

Difference (BS vs 
SPECT/CT)

Difference (SPECT vs 
SPECT/CT)

Characterisation 

   BS 3 (6.25%) } 3 (6.25%) } P > 0.2 } 42 (87.5%) P < 0.001 }

   SPECT 6 (12.5%) } 39 (81.25%) } P < 0.001

   SPECT/CT 45 (93.75%)
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contraindications to MRI namely claustrophobia, severe obesity, 
presence of embedded metallic foreign bodies, pacemakers and 
indwelling non-MRI compatible clips/implants. In instances 
where MRI is limited, contraindicated or not available, SPECT/
CT represents a viable alternative option to evaluate the knee. 
SPECT/CT also represents a useful problem-solving tool when 
MRI findings are equivocal or indeterminate.

SPECT had been reported to be accurate in evaluating the 
knee23–26 and useful in directing arthroscopy.23,27,28 With the 
significant incremental value that SPECT/CT adds to SPECT as 
demonstrated in this study, SPECT/CT can perform better than 
SPECT and possibly as well as MRI for evaluation of the knee. 
Thus far limited data from small series on SPECT/CT evalua-
tion of the knee found it useful for assessing post-surgical knee 

Figure 2. Graphs illustrating the incremental values (BS vs SPECT vs SPECT/CT) in lesion-based analysis of 96 knee lesions (A), 
patient-based analysis of knee lesions in 39 patients (B).

Table 5. Comparing BS, SPECT and SPECT/CT in patient-based analysis of knee lesions in 39 patients

BS vs SPECT vs SPECT/CT (n = 39)

Modality Number of 
lesions (%)

Difference (BS vs 
SPECT)

Difference (BS vs 
SPECT/CT)

Difference (SPECT vs 
SPECT/CT)

Localisation 

BS 15 (38.5%)
} 14 (35.9%)
} p < 0.001 } 24 (61.5%)

p < 0.001
}

SPECT 29 (74.4%)
} 10 (25.6%),
} p < 0.002SPECT/CT 39 (100%)

Characterisation 

BS 9 (23%)
} 3 (7.7%)
} p > 0.2 } 27 (69.2%)

p < 0.001
}

SPECT 12 (30.8%)
} 24 (61.5%)
} p < 0.001SPECT/CT 36 (92.3%)
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pain with resultant change of management.29,30 Prospective 
studies comparing SPECT/CT with MRI in assessing the knee 
and defining the roles that each imaging modality plays will be 
welcomed. Nevertheless it is important to view different imaging 
modalities like SPECT/CT and MRI as complementary rather 
than competitive. The importance of careful clinical evaluation 

of each patient before deciding on the most appropriate imaging 
test to perform cannot be overemphasised.

If BS is the most appropriate imaging modality to investigate the 
knee, addition of SPECT/CT may be considered regardless of 
whether BS detects any abnormality. This is because SPECT/CT 
detects, localises and characterises significantly more knee lesions 
than BS with significant incremental value, thereby improving 
both sensitivity and specificity. This adds diagnostic confidence 
and improves diagnostic accuracy. Ultimately the positive impact 
of SPECT/CT reduces delay in diagnosis and expedites treatment 
thereby benefiting patients. The significant incremental value 
SPECT/CT adds to both BS and SPECT can play an important 
part in justifying the higher cost, greater radiation burden and 
longer scan time of using SPECT/CT for evaluation of the knee. 
Specific studies assessing the cost-effectiveness of SPECT/CT may 
be needed. However purely from an imaging perspective, there is 
justification in adding SPECT/CT to BS for evaluation of the knee 
based on the significant incremental value SPECT/CT adds.

This study was not without limitations. Since the primary aim of 
this study was to determine the incremental value that SPECT/
CT could add to BS in evaluating the knee, the abnormalities 
studied and analysed were those detected by BS, SPECT and 
SPECT/CT. Another limitation was the presence of more than 
one lesion per knee in a majority of the knees (58.5%) and the 
difficulty in determining which lesions were causing symptoms. 
Ideally only lesions causing symptoms were significant and eval-
uated while incidental asymptomatic lesions that did not require 

Figure 3. Bipartite patella. A 38-year-old male with left knee 
pain. (A) Two-phase bone scintigraphy shows a non-specific 
hypervascular osteoblastic focus in the left patella (arrows). 
(B) SPECT/CT localises the osteoblastic focus to the syn-
chondrosis of a left bipartite patella (arrows).  [Reproduced 
with kind permission from Lu SJ et al, Value of SPECT/CT in 
the evaluation of knee pain. Clin Nucl Med 2013; 38(6): e258–
60.35]

Figure 4. Patellar maltracking. A 33-year-old female with 
bilateral knee pain. (A) Two-phase bone scintigraphy shows 
non-specific focal increased osteoblastic activity in both 
patellae arrows). (B) SPECT/CT shows lateral deviation of 
both patellae and shallow trochlear grooves with increased 
osteoblastic activity at the lateral patellofemoral articulations 
(arrows).  [Reproduced with kind permission from Lu SJ et al, 
Value of SPECT/CT in the evaluation of knee pain. Clin Nucl 
Med 2013; 38(6): e258–60.35]

Figure 5. Avascular necrosis. A 65-year-old male with a his-
tory of renal transplantation and long-term steroids treatment 
presented with bilateral knee pain. (A) Planar bone scintigra-
phy shows non-specific focal increased osteoblastic activity 
at the medial aspects of both knee joints (arrows). (B) SPECT/
CT localises the osteoblastic foci to the sclerotic marrow 
lesions at the posterior aspects of both medial femoral con-
dyles, which are more prominent on the right side ( arrows).
[ Reproduced with kind permission from Lu SJ et al; Value of 
SPECT/CT in evaluation of knee pain. Clin Nucl Med 2013; 38 
(6): e258–6.035]
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ConCluSion
SPECT/CT adds significant incremental value to BS and 
SPECT for evaluation of the knee. In essence, SPECT improves 
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improves dramatically localisation and characterisation of 
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greater diagnostic confidence, improved diagnostic accuracy, 
more definitive diagnoses and less inconclusive interpretations. 
Purely from an imaging perspective, there is justification in 
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represents a viable alternative when MRI is not feasible and a 
useful problem-solving tool when MRI findings are inconclu-
sive, and may yet play an increasing role in evaluation of the 
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