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Abstract  

Purpose: Several studies have described the role of bone scintigraphy in the management of plantar fasciitis. This study 

was conducted to compare the relative efficacy of planar [99mTc] MDP bone scan and single photon emission computed 

tomography / computed tomography (SPECT/CT) in localizing the best site for corticosteroid injection in patients with 

plantar fasciitis. 

Methods: Thirty heels of 30 patients with clinical diagnosis of plantar fasciitis were randomly assigned to two groups, i.e. 

planar scintigraphy-guided (Group A) and SPECT/CT guided (Group B) for steroid injection. Patients were evaluated for 

pain intensity before the injections and at follow-up after 6 weeks, with a 100 mm visual analog scale (VAS). 

Results: There was significant improvement in VAS score in both the groups. VAS values before and after treatment were 

7.4 ± 1.3 and 3.3 ± 2.4 in group A, and 7.4 ± 1.2 and 1.6 ±1.5 in group B respectively, which was statistically significant (P 

< 0.05). There was no difference between the pre-injection VAS values between the groups (P 0.98, MWU -0.021) but 

statistically significant difference post-injection (P 0.048, MWU 1.97). 

Conclusion: [99mTc] MDP bone scintigraphy was useful in identifying the inflammatory focus in plantar fasciitis. 

SPECT/CT guided steroid injection demonstrated a significantly better treatment outcome compared to planar 

scintigraphy. While the study is limited by the small number of patients, the findings indicate that SPECT/CT-guided 

steroid injection may provide better pain relief in this condition. 
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Introduction 

     Plantar fasciitis (PF) is a type of inflammation caused 
by excessive stretching of the plantar fascia and is one of 
the most common causes of heel pain affecting up to 10% 
of running athletes [1-3]. Typical symptoms include pain 
during the first few steps after rest or on rising in the 
morning, both of which are aggravated by activity like 
jogging, dancing and playing tennis and basketball. A 
pathognomonic feature is tenderness at the site of 
insertion of the plantar fascia on the medial tubercle of 
the calcaneus [2,4]. 
 
     The diagnosis can usually be made on clinical 
examination. However, some patients may not have 
typical features or may be refractory to initial 
conservative treatment; hence, confirmation of the 
diagnosis is warranted. Treatment is primarily non-
operative with most patients responding well [5-8]. If 
other conservative measures fail, corticosteroid injection 
into the heel to control painful symptoms is frequently 
used [6-9]. However, palpation guided injection (PGI) is 
not always successful in PF because of the inaccuracy of 
injection [10,11]. Major complications after repeated 
corticosteroid injection include heel pad atrophy and 
fascial rupture [12]. 
 
     Bone scintigraphy (BS) is useful in the identification 
and evaluation of PF [13-15]. Since three-phase BS also 
provides information about soft tissue inflammation, it 
can be used in the differential diagnosis of heel pain 
originating from the bone or fascia [14]. Focally increased 
activity in the delayed images restricted to the site of 
plantar fascial insertion in the calcaneus and associated 
with increased blood flow and blood pool in the early 
images is typical of PF [16]. Dasgupta, et al. have claimed 
that scintigraphy-guided corticosteroid injection was 
highly effective in PF [10]. They found that 12 out of 15 
patients (80%), 13 of whom had received previous 
steroid injection, demonstrated discrete uptake of [99mTc] 
methylene diphisphonate in the subcalcaneal region. They 
achieved 100% success in abolishing local tenderness and 
in pain reduction. Frater et al presented scintigraphic 
criteria to identify potential responders, thereby avoiding 
unnecessary injection in a significant proportion of 
patients [17]. The added value of integrated single photon 
emission computed tomography / computed tomography 
(SPECT/CT) relative to triple-phase BS was evaluated by 
Horger, et al [18]. SPECT/CT avoided false positive 
findings and reduced the number of equivocal findings. In 
a study by Dolan et al., SPECT scans resulted in a 95% 
response rate to targeted steroid injection therapy in low 
back pain [19].  

 
     There has been limited experience in the use of 
SPECT/CT in evaluation of patients with PF, especially in 
comparison to planar scintigraphy. This study was 
conducted to evaluate the efficacy of scintigraphy-guided 
steroid injection for PF and compare these two imaging 
modalities. 
 

Materials and Methods 

Patient Population 

     This prospective study was conducted in our institute 
over a period of 16 months, after approval by the Institute 
Ethics Committee. Thirty adult patients with a clinical 
diagnosis of plantar fasciitis were included in the study 
after taking written informed consent. The patients were 
randomly divided into 2 groups of 15 each; group A 
(comprising 10 male and 5 female) who received planar 
scintigraphy-guided corticosteroid injection and group B 
(8 male and 7 female), where corticosteroid injection was 
guided by SPECT/CT.  
 

Scintigraphic Examination 

     For the study, the patient lay supine under a dual 
headed gamma camera (Infinia Hawkeye 4, GE, USA) 
fitted with a low energy high-resolution (LEHR) 
collimator. Three-phase bone scintigraphy of both feet 
was performed after intravenous injection of 20 mCi (750 
MBq) of [99mTc] Methylene Diphosphonate (MDP). 
Immediately after injection, dynamic images of the feet 
were acquired in a 64x64 matrix at the rate of 4 
sec/frame for a period of 60 seconds in medial and lateral 
projections. This was followed by blood pool images 
starting 60 seconds after tracer injection. Delayed images 
were acquired 3 hours later and included four views in 
the dorsal, plantar, medial and lateral projections, 
obtaining at least 500K counts per view. In group B, the 
initial dynamic phase was followed immediately by blood 
pool SPECT/CT of the feet at 60 seconds. SPECT images 
were acquired in a 64x64 matrix in step-and-shoot mode, 
covering 360 degrees in 60 views at 30 seconds per view. 
CT images of the feet were then acquired in helical mode 
with a tube current of 2.5 mA. A second set of delayed 
SPECT/CT images of the feet were acquired using the 
same protocol, 3 hours after injection. 
 

Scan Reporting and Injection Outcome 

     Images were transferred to a XelerisTM (GE, USA) 
workstation. Perfusion phase images were evaluated by 
examining the individual images and in cine mode. Any 
increase in tracer flow compared to the corresponding 
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site in the opposite (asymptomatic) foot along the plantar 
fascia was considered abnormal. Blood pool images were 
examined for bilateral asymmetry in tracer pooling along 
the plantar fascia. Any increase in soft tissue tracer 
uptake (more than background) was considered 
abnormal. Delayed phase images were examined for any 
focal increase in tracer uptake in the inferior aspect of the 
heel along the attachment of the plantar fascia. 
 
     To evaluate abnormal tracer uptake in the blood-pool 
phase, we characterized them as (a,b) focal calcaneal 
hyperemia, (c,d) extension of hyperemia into the proximal 
third of the plantar fascia, (e,f) diffuse involvement of the 
plantar fascia. Representative scans of the three types of 
blood pool tracer uptake in planar and SPECT/CT images 
are shown in Figure 1.  
 
 

 

Figure 1: Focal (a,b), proximal 1/3rd (c,d) and diffuse 
(e,f) tracer uptake patterns on planar and SPECT/CT 
bone scintigraphy in the blood pool phase. 

 
 
     Patients received a mixture of 1 ml of 
methylpredinosolone (20-40 mg) in combination with 1 
ml of lignocaine-hydrochloride (0.1%) injected at the 
inflammatory site localized by scintigraphy. Treatment 
outcome was examined in terms of lessening of heel pain 
measured with a 100-point visual analogue scale (VAS) 
pain score, before and at 6 weeks after treatment. The 
treatment outcome was assessed as excellent or poor. 
Patients with improvement of VAS score equal or higher 
than 50% were graded excellent (treatment success) and 
those with scores of 0% - 50% poor (treatment failure). 
Improvement of 100% was considered “complete 
response” and 0% as “no response”. 
 

Statistical Analysis 

     Statistical analysis was performed with medical 
statistical software (Demo mode). All values were 

represented as mean ± standard deviation. Comparison of 
means was used to compare mean values of VAS within 
the groups and the Mann–Whitney U test for comparison 
of mean VAS values between the groups. The chi-square 
test was used for comparison of demographic data 
between the two groups. P value of <0.05 was considered 
statistically significant.  
 

Results 

     Average duration of heel pain in group A was 8.1 
months (1-19 months) and in group B 7.2 months (3-17 
months). Of the 15 feet in each group, 10 (67%) right and 
5 (33%) left were affected in group A and 9 (60%) right 
and 6 (40%) left in group B. The mean values of weight, 
height and BMI were 67.5 ± 7.0 kg, 163.7 ± 6.1 cm and 
25.2 ± 2.0, and 68.6 ± 6.0 kg, 166.0 ± 6.0 cm and 25.0 ± 2.8 
in patients of group A and B respectively; the values were 
not statistically different. The patients were in the 
overweight category with respect to BMI. A calcaneal spur 
was detected on the CT image of the SPECT/CT study in 
the affected foot in 6 patients, 2 in group A and 4 in group 
B. 
 
     VAS values in group A (planar BS) were 7.4 ± 1.3 before 
treatment and 3.3 ± 2.4 after treatment. The 
corresponding values in group B (SPECT/CT BS) were 7.4 
± 1.2 and 1.6 ±1.5. There was a statistically significant (P < 
0.05) difference between the pre-injection and follow-up 
values for VAS in both groups (Figure 2). 
 

 

 

Figure 2: Box plot showing relative change in pain 
scores (VAS) in the planar and SPECT/CT groups. 
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     In both groups (A and B), no statistically significant 
difference in VAS scores was found between patients with 
focal calcaneal hyperemia (a) and diffuse blood-pool 
abnormalities (c) (P=0.37) or between the group with 
extension of hyperemia into the proximal fascia (b) and 
diffuse changes (c) (P = 0.5). However, significant 
difference was found between patients with focal 
hyperemia and diffuse blood-pool abnormalities. In both 

groups (A and B) there was no significant difference 
between patients with focal hyperemia and proximal 1/3 
hyperemia. The results suggest that focal and proximal 
third involvement of the plantar fascia predicts good 
response to therapy, while patients with diffuse 
involvement respond poorly to therapy. Changes in pain 
scores in relation to the tracer uptake pattern in each 
group are detailed in Table 1. 

 

Blood pool 
pattern 

Group A Group B 

No. of 
patients 

Mean VAS 
Improvement 

(%) 
No. of 

patients 

Mean VAS 
Improvement 

(%) Baseline 
Post-

Injection 
Baseline 

Post-
Injection 

Focal calcaneal 9 7.5 2.7 64% ± 34.7% 7 7.1 0.9 89% ± 10.3% 
Proximal 1/3rd 

plantar 
4 7 3.2 50% ± 20.1% 5 8.6 2.4 69% ± 22.5% 

Diffuse plantar 2 9 5.5 40% ± 8.1% 3 7.6 6 20% ± 14.4% 

Table 1: Changes in pain scores in relation to the tracer uptake pattern in each group. 
VAS = Visual Analogue Score. 
 

Comparison of Values Between the Groups 

     There was no statistically significant difference in the 
pre-injection VAS values between the two groups (P=0.98, 
MWU=-0.021). However, the follow-up VAS values 
showed a statistically significant difference between the 
groups (P=0.048, MWU=1.97) (Figure 3).  
 
 

 

Figure 3: Box plot showing relative improvement in 
VAS scores between Group A and Group B. 

 
 
     The results indicate that SPECT/CT guided steroid 
injection had a significantly better treatment outcome as 

compared to planar scintigraphy guided injection 
(P=0.02). 
 

Discussion 

     PF accounts for symptoms of plantar heel pain in 80% 
of patients [3]. The peak age of incidence in the general 
population has been reported to be between 40 and 60 
years [9]. The mean age of the patients in our study was 
42 years in group A and 40 years in group B, which 
correlates with previous studies. There was no 
statistically significant difference between age groups 
found using P value (0.72 overall). Sixty percent of the 
patients in our study were aged between 40 and 60 years 
and showed an increased incidence of PF with increasing 
age. There is conflicting data in the literature in relation to 
gender distribution of plantar fasciitis with reports of 
female to male predominance of 3:1. However, several 
authors have reported the reverse, with males more 
commonly affected than females [20]. In our study, 10 of 
the 15 patients (67%) in group A were men and 5 (33%) 
were women; in group B, 8/15 (60%) were men and 7 
(40%) were women with overall male to female 
preponderance of 3:2. 
 
     PF is probably the result of multiple etiological factors. 
Body mass index (BMI) > 30 kg/m2 (the cutoff for grade-II 
obesity) had an odds ratio of 5.6 for PF compared to those 
with a BMI ≤ 25 kg/m2 [21]. In our study population, the 
average BMI in both the groups was slightly more than 25 
kg/m2, corresponding to the overweight category in BMI 
classification. 
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     Approximately one-half of patients diagnosed with PF 
have heel spurs, although it is unclear how much influence 
heel spurs actually have on the condition. One study 
reviewing the radiographs of 1,000 patients found 13.2 % 
had heel spurs; of these, only 39 patients (5.2% of the 
total sample) reported any history of sub-calcaneal pain 
[6]. In our study, 7 patients (23%) had calcaneal spurs on 
radiography with no correlation either with duration of 
pain or severity of symptoms.  
 
     In a study by Dasgupta, et al. [10] 12 out of 15 patients 
(80%) of patients showed discrete uptake of [99mTc] MDP 
in the sub-calcaneal region. As in our study, all the 
patients (100%) with clinical suspicion of plantar fasciitis 
showed the specific appearance of delayed tracer uptake 
at the common calcaneal insertion of the plantar 
aponeurosis on bone scintigraphy. The palpation guided 
injection method has often been found inaccurate, 
necessitating multiple injections. Consequently, it has 
been claimed that this method is not always successful. In 
our study also, 8 out of 30 patients (27%) had previously 
undergone palpation guided steroid injection without any 
relief from pain.  
 
     Clinical experience at the orthopedic clinic of our 
institute indicates that the beneficial effect of 
methylprednisolone injection in plantar fasciitis does not 
usually extend beyond 3 months. We therefore evaluated 
therapeutic response at 6 weeks after injection. The 
extent of blood-pool abnormalities may have an inverse 
relationship with the success rate of corticosteroid/local 
anesthetic injection in abolishing symptoms. Clayton, et 
al. [17] showed that critical evaluation of plantar blood-
pool images provides prognostic information on the 
response to localized injection into the enthesis. 
Reporting such studies is simple and reproducible. In 
group A, 7/8 feet responding to injection showed focal 
hyperemia on blood pool images while one showed 
extension into the proximal third of the plantar fascia. All 
the patients in group A with diffuse hyperemia showed 
poor treatment response. In Group B, of the 12 feet 
responding to injection, 7 showed focal hyperemia on the 
blood pool images, 5 showed extension into the proximal 
third of the plantar fascia. 3 patients with diffuse 
hyperemia showed no significant treatment response.  
 
     Focal calcaneal hyperemia is clearly associated with a 
high success rate for injection, with100% success rate for 
injection, extension of hyperemia into the proximal soft 
tissues being associated with a response in only 50% and 
diffuse hyperemia with no response. 
 

     In all reported studies till date, regardless of the 
method used, the VAS values show improvement after 
steroid injection. A study by Tsai et al showed an 
improvement from 6.0 to 1.8 for palpation-guided 
injection (PGI) and 6.1 to 2.1 for ultrasound-guided 
injection (UGI) [22]. Yucel, et al. showed improvement 
from 5.6 to 1.3 for UGI, 6.4 to 2.2 for PGI, and 4.9 to 0.8 for 
scintigraphy-guided injection (SGI) [23]. The present 
study showed a similar trend, demonstrating statistically 
significant differences between the pre-injection and 
follow-up VAS values in both groups using SGI (P < 0.05). 
While there was no statistically significant difference 
between pre-injection VAS values of the two groups, the 
corresponding post-injection values showed a significant 
difference. SPECT/CT guided steroid injection 
demonstrated a significantly better treatment outcome as 
compared to planar scintigraphy guided injection. 
Regardless of the intensity of uptake, the pattern of tracer 
uptake in the delayed phase did not predict response to or 
failure of therapy; this has been the finding in previous 
studies as well. We therefore did not use the delayed 
phase images to classify the responders in either of the 
groups. 
 

Study Limitations 

     Obvious limitations of this study are the small number 
of patients compared in the two groups and the short 
period of follow-up. Also, no direct comparison was made 
between scintigraphy-guided and conventional palpation-
guided steroid injection. However, localizing the site of 
steroid injection by [99mTc] MDP scintigraphy did provide 
definite patient benefit. A larger study comparing 
palpation guided and SPECT/CT guided steroid injection 
would be required to provide data with greater statistical 
significance. 
 

Conclusion 

     The results of this study indicate that in patients with 
PF, determining the optimal site for steroid injection by 
[99mTc] MDP scintigraphy improves treatment outcome by 
localizing the inflammatory focus with greater precision. 
SPECT-CT appears to localize the optimal site for steroid 
injection more accurately than planar scintigraphy. 
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