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Original article

A retrospective multicenter study of quantitative bone 
SPECT/CT to predict the surgical removal of the accessory 
navicular bone
Ji-Young Kima, Ji Young Kimb, Soo Bin Parkc, Chulhan Kimd and  
Won Woo Leea,e    

Objective The maximum standardized uptake 
value (SUVmax) in single-photon emission computed 
tomography/computed tomography (SPECT/CT) can help 
quantify disease activity of the accessory navicular bone 
(ANB). In this multicenter quantitative bone SPECT/CT 
study, we investigated whether SUVmax was correlated 
with ANB severity, thereby allowing prediction of surgical 
resection for ANB treatment.

Methods Two-hundred forty-six patients 
(men:women = 135:111, mean age = 39.3 years), who had 
undergone quantitative Tc-99m diphosphonate SPECT/
CT of the feet, were recruited from four hospitals. SUVmax 
was measured using vendor-provided quantitation 
software. The SUVmax values were compared in relation 
to ANB type (type 1 = 62, type 2 = 136 and type 3 = 14), 
presence of pain and surgical treatment.

Results SUVmax (mean ± SD) was the highest in 
type 2 ANB (4.41 ± 5.2; P = 0.0101). The 17 resected 
ANBs showed greater SUVmax (8.27 ± 5.23; P < 0.0001) 
than the 141 asymptomatic ANBs (2.30 ± 1.68) or the 
54 symptomatic ANBs without surgery (6.15 ± 4.40). 
Since surgery is exclusively indicated for ANB type 2, 
surgical resection was investigated only in these cases. 
In univariate analysis, young age and SUVmax were 
significantly associated with surgical treatment, but 

only SUVmax was a significant predictor of surgery in 
multivariate analysis (P < 0.0001). Type 2 ANBs were 
treated by surgery in 32.5% (13/40) of the cases when 
SUVmax was ≥5, and in only 1.35% (1/74) of the cases 
when SUVmax was <5 (P < 0.0001).

Conclusion ANB disease activity and excision were 
strongly associated with the SUVmax derived from 
quantitative bone SPECT/CT. Our study suggests an 
absolute SUVmax cutoff for ultimate ANB surgical treatment, 
but additional prospective studies are required to validate 
this finding. Nucl Med Commun 42: 998–1004 Copyright © 
2021 The Author(s). Published by Wolters Kluwer Health, Inc.
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Introduction
Accessory navicular bone (ANB) is one of the most com-
mon variants of accessory ossicles involving the foot [1]. 
A developmental anomaly, an ANB, is often incidental, 
but it can cause medial foot pain requiring treatment. 
Despite the availability of conservative treatments such 
as medication or physiotherapy, some painful ANBs ulti-
mately need surgical resection of the ossicle with or with-
out posterior tibialis tendon repair [2,3].

ANB classification is highly related to symptomatol-
ogy. Type 1 ANB is mostly asymptomatic and appears 
as a sesamoid bone within the tibialis posterior tendon. 

Type 2 refers to symptomatic ANB with an unstable car-
tilaginous connection (synchondrosis) with a navicular 
tuberosity. However, not all type 2 ANBs are sympto-
matic. Exercise or trauma may produce symptomatic 
type 2 ANB that leads to foot pain at some point. In con-
trast, type 3 ANB is rarely symptomatic and is thought 
to result from the fusion of a type 2 ANB with a navic-
ular tuberosity, generating a cornuate navicular [1,4–7].

Imaging studies for ANB evaluation span from sim-
ple radiologic studies to nuclear scintigraphy and MRI 
assessments [8–11]. Among nuclear imaging studies, sin-
gle-photon emission computed tomography/computed 
tomography (SPECT/CT) is of particular importance 
because radionuclide uptake and ANB type can be eval-
uated together by SPECT and CT, respectively [12–16]. 
Besides, novel quantitative SPECT/CT technologies 
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like PET can quantify the degree of radionuclide uptake 
[17–27]. A recent single-center study used the maximum 
standardized uptake value (SUVmax) derived from quan-
titative bone SPECT/CT to stratify the risk of ANB [28].

Although an objective criterion informing ANB surgery 
would improve patient management, such a criterion has 
not been proposed to date. In the current multicenter 
study, we attempted to prove that the SUVmax from 
quantitative bone SPECT/CT is a useful biomarker for 
ANB disease severity and that a higher SUVmax value 
is associated with a greater chance of surgical resection, 
thereby suggesting that SUVmax is a potential eligibility 
criterion for ANB surgery.

Materials and methods
Participants
This retrospective multicenter trial involving four South 
Korean hospitals was supported in part by the Korean 
Society of Nuclear Medicine Clinical Trial Network 
(KSNM-CTN) working group funded by the Korean 
Society of Nuclear Medicine (KSNM-CTN-2017-01-01), 
while the nuclear medicine physicians of the participant 
hospitals were members of the ‘Korean Research Council 
of Hybrid SPECT, K-SPECT’. Since 2014, all four partic-
ipating hospitals have installed state-of-the-art SPECT/
CT scanners (2 GE in hospital A and B and 2 Siemens 
in hospital C and D) capable of radioactivity quantita-
tion. Scanner sensitivities were calculated by imaging 
known Tc-99m activities measured by dose calibrators in 
each hospital. More details on the SPECT/CT acquisi-
tion and reconstruction parameters are shown in Table 1. 
This study was approved by the institutional review 
boards (IRBs) of the participating hospitals. The require-
ment for obtaining informed consent from the patients 

was waived by the respective IRBs. All procedures per-
formed in studies involving human participants were in 
accordance with the ethical standards of the institutional 
research committee and with the Helsinki Declaration as 
revised in 2013.

Patients
From all four hospitals, we recruited a total of 246 patients 
(age, 39.3  ±  19.7 years, mean  ±  SD; sex ratio, men:-
women = 135:111) who had undergone bone SPECT/CT 
on their feet between October 2016 to November 2019. 
Patients were referred from orthopedic, rehabilitation or 
internal medicine clinics for evaluation of pain, sprain, 
fracture, trauma, arthropathy, flat foot, diabetic foot, gout, 
prehallux syndrome or known ANB. Patient characteristics 
differed among the four hospitals (Table 2). In three hos-
pitals (A–C), approximately 40–53% of the patients with 
foot SPECT/CT were confirmed to have an ANB in either 
or both feet, whereas in hospital D, the only cause of bone 
SPECT/CT referral was the evaluation of known ANB. 
Thus, all patients (100%) from hospital D had unilateral 
or bilateral ANBs. Hospitals B and C, on the other hand, 
did not receive any bone SPECT/CT referrals with known 
ANB or previous prehallux syndrome. Thus, all ANBs 
diagnosed in these two hospitals were asymptomatic.

Accessory navicular bone feet
ANB types were determined by nuclear medicine physi-
cians using the CT scans from foot SPECT/CT images. 
The distinction between symptomatic or asymptomatic 
ANBs was made by the referring physicians. ANB type 
(type 1, sesamoid type within tibialis posterior tendon; 
type 2, ossification center type with synchondrosis; and 
type 3, cornuate type with navicular tuberosity) and pres-
ence of pain were recorded for each individual foot.

Table 1 SPECT/CT scanners and acquisition/reconstruction parameters

 Hospital A Hospital B Hospital C Hospital D

Scanner model (vendor) NMCT670 (GE) NMCT670DR (GE) Symbia Intevo (Siemens) Symbia Intevo (Siemens)
CT slice number 16 32 16 6
Radiopharmaceutical Tc-99m-HDP Tc-99m-MDP Tc-99m-MDP Tc-99m-DPD
Radioactivity 20 mCi 25 mCi 25 mCi 30 mCi
Time to imaging 2–3 h 3–4 h 2–3 h 3–4 h
Collimator LEHR LEHR LEHR LEHR

SPECT Mode of acquisition Step-and-shoot Step-and-shoot Step-and-shoot Step-and-shoot
Acquisition angle 3° 3° 4° 6°

Acquisition time per step 10 s 20 s 22 s 30 s
Peak energy 140 ± 10 KeV  

(126–154 KeV)
140 ± 10 KeV  
(126–154 KeV)

140 ± 15 KeV  
(129.2–150.2 KeV)

140 ± 15 KeV  
(129.2–150.2 KeV)

Scatter energy 120 ± 5 KeV (115–125 KeV) 120 ± 5 KeV (115–125 KeV) 120 ± 10 KeV (108–132 KeV) 120 ± 10 KeV (108~132 KeV)
Zoom 1.14 1 1 1

CT Tube potential 120 kVp 120 kVp 110 kVp 110 kVp
Tube current 60–210 mA 100–150 mA 80 mAs 150 mAs

CT dose reduction AutoMA AutoMA CareDose CareDose
SPECT/CT 

reconstruction
Software Q.Metrix Q.Metrix xSPECT Quant xSPECT Quant

AC/SC/RR All yes All yes All yes All yes
Iteration (number, subset) OSEM (2,10) OSEM (4,10) OSCGM (24,1) OSCGM (24,2)

System sensitivity 151.8 counts per min/µCi 143.1 counts per min/µCi 189.8 counts per min/µCi 197.8 counts per min/µCi

AC/SC/RR, attenuation correction/scatter correction/resolution recovery; CT, computed tomography; DPD, dicarboxypropane diphosphonate; HDP, hydroxymethylene 
diphosphonate; LEHR, low energy high resolution collimator; MDP, methylene diphosphonate; OSEM, ordered subset expectation maximization; OSCGM, ordered 
subset conjugate gradient maximization; SPECT, single-photon emission computed tomography.
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Maximum standardized uptake value measurement
Injected radioactivity measured by dose calibrators 
(CRC-15R; CAPINTEC for hospitals A, B and D; and 
CRC-25R, CAPINTEC for hospital C) and time of 
injection were recorded and employed for SUVmax 
calculation. Remnant radioactivity after injection 
and the corresponding measurement time was also 
recorded. All dose calibrators were calibrated using a 
national institute of standards and technology tracea-
ble Co-57 point source of their own and as a part of 
a quality control program of the Korean Society of 
Nuclear Medicine. Dedicated quantitative software 
(Q.Metrix for GE and xSPECT Quant for Siemens) 
was employed for SUVmax measurement. ANBs were 
identified using the CT image of SPECT/CT, and a 
spherical volume-of-interest (VOI) was drawn over the 
ANB and navicular tuberosity (Fig.  1). The VOI vol-
ume was 3.86 ± 2.14 cm3. The equation for the SUVmax 
calculation was as follows:

SUVmax =
Decay›corrected radioactivity / voxel volume

Injected rradioactivity / body weight

Statistical analysis
If the assumption of equal variance was not satisfied by 
Levene’s test, group comparisons were performed using 
the Kruskal–Wallis test. Post hoc (Conover) analysis was 
performed if the Kruskal–Wallis test showed statistical sig-
nificance. A chi-square test was employed for comparison 
of proportions. A Cox proportional-hazard regression anal-
ysis was performed for the variables of age and SUVmax in 
relation to the prediction of surgical resection. A receiver 
operating characteristic (ROC) curve and Kaplan–Meier 
survival analysis was used for the demonstration of the 
optimal SUVmax cutoff for surgery. All analyses were 
performed with the statistical software MedCalc Version 
19.2.1 (MedCalc Software Ltd, Ostend, Belgium). A P 
value <0.05 was considered statistically significant.

Results
Maximum standardized uptake value by hospitals
We analyzed the SUVmax and ANB type for each foot 
with ANB (n  =  212). The SUVmax data of the 212 
ANBs from the four hospitals are displayed in Fig.  2. 
Surgical resection was performed in only two hospitals, 

as indicated by the arrows pointing at the resected ANBs 
(Fig. 2). Type 2 was the only surgically treated ANB type.

Maximum standardized uptake value by accessory 
navicular bone type and symptoms
All SUVmax data from the four hospitals were summed 
up. Type 2 ANBs showed the highest SUVmax val-
ues (P = 0.0101 by the Kruskal–Wallis test), with a sta-
tistically significant difference between types 1 and 2 
(P  <  0.05) and no significant difference between types 
2 and 3 (P  >  0.05) in post hoc analysis (Fig.  3a). Next, 
all 212 ANBs were analyzed according to the presence 
of pain and surgical treatment. One-hundred and for-
ty-one ANBs were asymptomatic and were not resected. 
Seventy-one ANBs were symptomatic, and surgery was 
performed on 17 ANBs (23.9%, 17/71). We found that 
asymptomatic ANBs had significantly lower SUVmax 
values (2.30 ± 1.68, n = 141) than the symptomatic ANBs 
that did not require surgery (6.15  ±  4.40, n  =  54) and 
those that were ultimately resected (8.27 ± 5.23, n = 17) 
(P < 0.05). However, the SUVmax values for the symp-
tomatic ANBs that did not require resection (n = 54) and 
those that did (n  =  17) were not significantly different 
(P > 0.05). Thus, the SUVmax gradually increased from 
asymptomatic to symptomatic cases, reaching its highest 
levels for surgically resected ANBs (P  <  0.0001 by the 
Kruskal–Wallis test) (Fig. 3b).

Maximum standardized uptake value and surgical 
resection
The presence of pain was the reason for surgical treat-
ment in all cases that underwent resection of ANB. 
However, the decision to perform surgery was made by 
the physicians without referring to the SUVmax values. 
Thus, we investigated whether SUVmax values could 
serve as an objective criterion for ANB resection. The 
time from bone SPECT/CT to surgery or last follow-up 
was analyzed using Cox regression analysis, and ANB 
cases without follow-up information after bone SPECT/
CT (n  =  39) were excluded. We also excluded cases of 
type 1 or 3 ANBs (n = 59) because only type 2 ANB was a 
surgical target. Thus, 114 cases of type 2 ANB were inves-
tigated, of which 14 involved surgical resection. In a uni-
variate analysis, age [P  =  0.0267, exp (β)  =  0.9560, 95% 
confidence interval (CI) of exp (β) = 0.9188–0.9948] and 

Table 2 Patients’ characteristics

  Hospital A Hospital B Hospital C Hospital D P value

Patients Number of patients (total 246) 106 33 94 13  
Age, years (mean ± STD) 31.3 ± 18.2 61.2 ± 11.7 42.2 ± 17.6 28.5 ± 15.2 <0.000001

Men:women 46:60 23:10 56:38 10:3 0.0075
With ANB (%) 52.8% (=56/106) 54.5% (=18/33) 40.4% (=38/94) 100% (=13/13) 0.0004

Unilateral:bilateral 16:40 1:17 14:24 7:6 0.0237

Foot Number of foot with ANB (total 212) 96 35 62 19
Type 1 19 14 21 8  0.0308
Type 2 68 17 40 11
Type 3 9 4 1 0

ANB, accessory navicular bone; SPECT/CT, single-photon emission computed tomography/computed tomography.
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SUVmax (P  <  0.0001, exp (β)  =  1.1671, 95% CI of exp 
(β) = 1.0878–1.2521) were predictors of surgical resection. 
However, in a stepwise multivariate analysis using age and 
SUVmax, age dropped out and only SUVmax remained as 
an independent predictor of surgical resection (P = 0.0002 
for overall model fit, and P < 0.0001 as a covariate with exp 
(β) = 1.1671, 95% CI of exp (β) = 1.0878–1.2521).

In the ROC curve and Kaplan–Meier analysis, a SUVmax 
value of 5 was the optimal cutoff value for discrimina-
tion between surgical and nonsurgical treatment, with 
the highest chi-square (23.18) and the lowest P value 
(<0.0001) among various SUVmax values. The area under 
the curve for the SUVmax value was 0.847, with a 95% 
CI of 0.791−0.893, sensitivity of 82.35% and specificity 
of 80.51% (Fig.  4a). Among the 40 type 2 ANBs with 
SUVmax values ≥5, 13 (32.5%) ultimately underwent sur-
gical resection, whereas among the 74 type 2 ANBs with 
SUVmax values <5, only one (1.35%) underwent surgery 
(P < 0.0001 by the log-rank test) (Fig. 4b).

Discussion
In a previous single-center study, ANBs were investigated 
using Tc-99m hydroxymethylene diphosphonate (HDP) 
SPECT/CT, and a high SUVmax was closely related with 
ultimate surgical resection [28]. In the current multi-
center study, we recruited ANB cases from four hospitals 
with state-of-the-art SPECT/CT scanners. Although the 
four hospitals employed different software and hardware, 
the obtained SUVmax values did not differ significantly 
with regard to the order of scale. The SUVmax distribu-
tion in relation to ANB type (i.e. the highest SUVmax of 
type 2 ANB) and the association between SUVmax with 
surgical treatment in our study suggested that disease 
activity evaluation and prognosis prediction of ANB can 
be realized using quantitative bone SPECT/CT.

PET has allowed the evaluation of disease activity and 
prognosis prediction in a variety of malignant diseases 
[29–31]. This can be attributed to the fact that PET allows 
absolute quantification of radioactivity and the use of radi-
opharmaceuticals such as F-18 fluorodeoxyglucose (FDG), 
which readily reflect the biological aggressiveness of cancer. 
Quantitative SPECT/CT has recently emerged as a truly 
quantitative imaging modality like PET, and its influence on 
patient management has been investigated [26]. For exam-
ple, Tc-99m pertechnetate thyroid uptake measured using 
quantitative SPECT/CT was shown to be associated with 
treatment response, allowing identification of poor respond-
ers before the initiation of medication [19]. Our results sug-
gest that ANB management may be improved by using an 
objective parameter that reflects ANB disease severity. The 
decision to perform ANB surgery is based on the surgeons’ 
discretion and is occasionally made without objective evi-
dence of improved patient outcomes [32–34]. Unlike sub-
jective methods such as grading of bone scan agent uptake 
(e.g. grades 0–2, with grade 0 indicating no uptake and grade 
2 with intense uptake) or all-or-none approaches (positive or 
negative uptake) [10,11], the SUVmax offers a more objec-
tive and accurate evaluation because the injected amounts 
of bone scan agents are normalized to the patient’s weight, 
and lesion radioactivity is corrected for attenuation, scat-
tering and variations in the distance between patients and 
detectors [35,36].
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SUVmax categorized by hospitals. Arrows indicate ANBs with surgical 
resection. ANB, accessory navicular bone; SUVmax, maximum stand-
ardized uptake value.
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Measurement of SUVmax. A spherical volume-of-interest (yellow circle) 
was placed over the ANB and the navicular tuberosity. The arrows 
indicate the synchondrosis, the cartilage connection between the ANB 
and navicular tuberosity in type 2 ANB. ANB, accessory navicular 
bone; SUVmax, maximum standardized uptake value.
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Most of the limitations of this study can be attributed to 
its multicentric and retrospective nature. The scanner 
harmonization issue is the primary limitation that needs 
to be addressed. We did not perform a comparison analy-
sis of SPECT/CT scanner performance. Furthermore, the 
acquisition and reconstruction protocols differed even for 
scanners from the same vendor. Therefore, this study can 
be considered to be preliminary in nature. However, we 
think that the currently available SPECT/CT scanners can 
generate clinically useful SUV data that may be applied 
to patient management without further validation, at least 
within each hospital. Second, SUVmax-guided operations 

should justify the extra cost of SPECT/CT since not all 
patient outcomes may be determined by the uptake of 
bone scan agents. In this regard, the surgeons’ technique 
may have a greater influence on the outcome than the dis-
ease activity reflected by the SUVmax. Moreover, for such 
nonfatal diseases, planar scintigraphy without SPECT may 
be sufficient for the evaluation of disease activity. However, 
a head-to-head comparison between conventional planar 
scans and quantitative SPECT/CT was not performed in 
our study. Third, clinical parameters other than SUVmax 
may influence the decision to perform surgery, although 
young age did not persist as an influencing factor in 
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sory navicular bone; SUVmax, maximum standardized uptake value; CI, confidence interval.
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multivariate analysis in our study. However, daily activity or 
exercise may be decisive factors influencing ANB injuries 
and a subsequently high SUVmax, and these compounding 
factors were not evaluated in our study. Therefore, addi-
tional well-controlled prospective studies are warranted to 
validate our findings.

Finally, the incidental high uptake of bone tracer uptake on 
other accessory ossicles, such as os trigonum, has not been 
thoroughly investigated in the current study. We focused only 
on ANB, whether symptomatic or asymptomatic. Further 
studies are warranted for these variants of accessory ossicles.

Conclusion
Quantitative bone SPECT/CT is a useful imaging 
modality for evaluation of ANB disease severity, and the 
SPECT/CT quantitative parameter SUVmax may facili-
tate surgical decision-making. The current retrospective 
multicenter study warrants further prospective studies.
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