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The Value of SPECT/CT in Localizing Pain Site and Prediction of 
Treatment Response in Patients with Chronic Low Back Pain

In many circumstances, causing sites of low back pain (LBP) cannot be determined only by 
anatomical imaging. Combined functional and morphological imaging such as bone scan 
with single-photon emission computed tomography/computed tomography (SPECT/CT) 
may be helpful in identifying active lesions. The purpose of this study was to evaluate the 
usefulness of bone SPECT/CT in localizing the pain site and the treatment of chronic LBP. 
One hundred seventy-five patients suffering from chronic LBP who underwent SPECT/CT 
were included, retrospectively. All of the patients received multiple general treatments 
according to the symptoms, and some of them underwent additional target-specific 
treatment based on SPECT/CT. Numerical rating scale (NRS) pain score was used to assess 
the pain intensity. Of 175 patients, 127 showed good response to the given therapies, 
while the rest did not. Overall, 79.4% of patients with definite active lesions showed good 
response. Patients with mild active or no lesions on SPECT/CT had relatively lower response 
rate of 63.0%. Good response was observed by the treatment with the guidance of active 
lesions identified on SPECT/CT. SPECT/CT could be useful in identifying active lesions in 
patients with chronic LBP and guiding the clinicians to use adequate treatment.
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INTRODUCTION

Low Back Pain (LBP) is a common health finding causing dis-
ability that occurs in most people at some point in their lives. It 
was estimated that the incidence of a first-ever episode of LBP 
ranged from 6.3% to 15.4% a year in the general population (1). 
LBP persists more than three months is considered as chronic 
(2).
  Identifying the origin of pain site in chronic LBP patients is 
often not easy. There are myriad reasons causing chronic LBP 
such as disc herniation and/or disruption, spinal stenosis, mus-
cular origin, facet joint pain syndrome, sacroiliac joint disease, 
and their combinations. Furthermore, in many cases, diagnos-
tic evaluation using anatomical images which points out just 
anatomical degenerative diseases or change are not helpful to 
manage chronic LBP, since those kinds of changes can also oc-

cur in asymptomatic people (3-5).
  A difficulty to find out an origin of chronic LBP has resulted 
in variable options of its treatment. A strategy to manage chron-
ic low back pain was proposed consisting of three categories: 
monotherapy, reductionism, and multidisciplinary treatment 
(6). While reductionism emphasizes target specific treatment 
based on pathoanatomical diagnosis using variable imaging 
devices, multidisciplinary treatment usually focuses the treat-
ment of chronic LBP on its biopsychosocial rehabilitation (6). 
There have been other strategies to alleviate chronic LBP and 
surgery would not be very beneficial and be avoided in most of 
these strategies (7).
  Functional imaging such as a bone scan with single-photon 
emission computed tomography (SPECT) offered diagnostic 
value which was not provided by planar imaging and anatomi-
cal imaging (8). Fusion of SPECT with computed tomography 
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(SPECT/CT) increased the specificity of detecting lesions of the 
lower vertebral column and provided proper guidance to next 
step (9). Recently, it has been reported that bone scan with SPE
CT/CT was useful for identifying pain-inducing focus in the pa-
tients with chronic foot and low back pain (10, 11). The reduc-
tionism, which means treatment based on bone SPECT/CT find-
ings, will be expected as an effective diagnostic tool in relieving 
pain (10, 11). In this study, the degree of treatment of low back 
pain according to the bone SPECT/CT finding was assessed. 
We evaluated the usefulness of bone SPECT/CT in localizing 
the pain site for the treatment of chronic LBP.

MATERIALS AND METHODS

Patients
Patients suffering from chronic low back pain and undergoing 
bone SPECT/CT from the second quarter of 2011 to the third 
quarter of 2013 were retrospectively included. Among them, 
multidisciplinary treatment with or without target-specific treat-
ments were performed. Follow up was done until 3 months af-
ter the date of the first treatment, which was performed not more 
than 1 month after bone SPECT/CT. Patients who had any oth-
er causes of bone or joint abnormalities during or at the end of 
follow up were excluded.

Numerical rating scale (NRS) pain score of low back pain
The intensity of low back pain was evaluated by an 11-pointed 
numerical rating scale (NRS) pain score with no pain scaled as 
0 and worst pain as 10 at pre-treatment and during follow up 
time. The NRS have well documented its reliability, validity and 
sensitivity to treatments that are expected to affect pain (12, 13). 
Evidence of temporary or permanent decrease of NRS score ≥  
2 during three month follow-up was considered as positive re-
sponse to treatment (14, 15).

Treatment of low back pain
Patients were treated with multiple general treatments accord-
ing to the symptoms. General treatments included: interven-
tional muscle and nerve stimulation (IMNS), trigger point in-
jection (TPI), needle transcutaneous electrical nerve stimula-
tion (TENS), extracorporeal shock wave treatment (ESWT), medi
cation, exercise, epidural steroid injection (ESI), epidural adhe-
siolysis, etc. Target-specific treatments such as facet joint injec-
tion, sacroiliac joint injection, medial branch block, and radio-
frequency medial branch neurotomy for facet joint lesions were 
performed according to the patients’ symptom and clinicians’ 
decision. In case of positive finding of SPECT/CT, the treatment 
level was decided based on the SPECT/CT results. The treat-
ment was performed in accordance with the clinical symptom 
and physical examination.

Imaging acquisition
Bone planar imaging was done 3 hr after injection of approxi-
mately 740-925 MBq (20-25 mCi) of technetium-99m methy-
lene diphosphonate (Tc-99m MDP) intravenously followed by 
SPECT/CT of lumbar spine. SPECT acquisition was performed 
using low-energy high resolution collimator with 360° orbit, 120 
steps (20 sec/step), and 128 × 128 matrix, while CT part of SPECT/ 
CT used 16-detector row helical CT with 100 kV, 40 mAs, 1 sec 
gantry rotation, and reconstructed section thickness of 2.5 mm. 

Image interpretation and quantification
Locations/compartments of increased uptake were defined in 
4 groups: facet joint, sacroiliac joint, combination, and no ac-
tive lesion. The uptake positivity was scored by using 3-point 
scale (no uptake, mild increased uptake and definite positive 
uptake). The number of lesions in the same compartment and 
other compartments was also evaluated. 

Statistical analyses
Positivity and intensity of uptake and gender were compared 
between responsive and non-responsive groups by chi-square 
test. Age, duration of disease, initial NRS, decreased NRS, num-
ber of positive lesions, compartment were compared by Mann-
Whitney test. Logistic regression analysis was performed to find 
out which parameters were significant in determining response. 
A value of P < 0.05 was considered statistically significant. All 
statistical calculation was performed using SPSS software, re-
lease 18 (Chicago, IL, USA).

Ethics statement
The study design and exemption of informed consent were ap-
proved by the institutional review board of Seoul National Uni-
versity Hospital (IRB No. 1404-149-001). Informed consent was 
waived by the board.

RESULTS 

Patients’ characteristics
A total of 175 patients (74 male and 101 female, mean age of 
61.0 ± 12.5 yr) suffering from chronic low back pain were includ
ed after excluding 6 patients with other causes of bone or joint 
abnormalities such as fibromyalgia (n = 2), myalgia (n = 1), pe-
ripheral nervous disease (n = 1), peripheral vascular disease 
(n = 1), and diabetic polyneuropathy (n = 1). All patients were 
underwent bone SPECT/CT imaging for the purpose of diagno-
sis and treatment decision. One hundred forty-nine patients 
were found out to have active lesions on bone SPECT/CT, while 
26 patients did not. All patients underwent non-target specific 
treatment (medication, exercise, TPI, IMNS, TENS, ESWT, ESI 
or combination of them), while 74 patients got 1 or more addi-
tional target-specific treatments such as facet joint injection 
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(n = 47), sacroiliac joint injection (n = 17), medial branch block 
(n = 49), radiofrequency medial branch neurotomy (n = 9) or 
combination of them (n = 16) according to the patients’ symp-
tom and clinicians’ decision. Bone SPECT/CT revealed active 
lesions of facet joints in 56 (32.0%), sacroiliac joints in 7 (4.0%), 
combination of the above findings (mostly with facet joint com-
ponent) in 86 (49.1%), and no active lesions in 26 (14.9%) pa-
tients, respectively. Detail characteristics are summarized in 
Table 1.

Overall response to pain relief treatment 
Positive response to treatment was observed in 127 of total 175 
patients (72.6%), while non-response to treatment in 48 patients 
(27.4%). Patients with facet joint lesions showed positive respon
ses in 43 patients of 56 (76.8%). Patients with sacroiliac joint le-

sions showed response in 5 patients of 7 (71.4%). Patients with 
at least 2 compartments combination lesions showed 72.1% of 
positive response in 62 patients of 86 (Table 1).
  In positive-uptake group including mild or definite positive 
uptake in SPECT/CT, 73.8% (110 of 149 patients) showed respon
se, while 65.4% (17 of 26 patients) showed response for treatment 
in no-uptake group (Fig. 1). The response for treatment is slight-
ly higher in the positive-uptake group compared to that of the 
no-uptake group. This did not show statistical significance (P =  
0.373). When positive uptake in the SPECT/CT was divided into 
mild and definite uptake based on tracer intensity, the treatment 
response of definite uptake group was significantly higher than 
mild uptake group (63.0% vs. 79.4%, respectively, P = 0.017) 
(Fig. 1).
  Number of active lesions had no role in determining response 
rate (Table 2). There was no difference in response rate between 
single and multiple lesions groups (P = 0.809). Response rates 
among different compartments in which active lesions located 
(facet joint, sacroiliac joint and combination) were not signifi-
cantly different (P = 0.815) (Table 3).
  In univariate logistic regression analysis, initial NRS and defi-
nite positive uptake were regarded as significant predictors for 

Table 1. Distribution of patient based on responsiveness to treatment given after bone 
SPECT/CT imaging

Parameters Positive response No response  

Percentage (%)/Number 72.6%/127 27.4%/48 100%/175
Gender (F/M) 74/53 27/21 P = 0.865*
Age (yr) 60.9 ± 12.8

(16-87)
61.3 ± 12.0

(33-82)
P = 0.931†

Duration (yr) 4.5 ± 7.0 
(0.0-30.0)

5.1 ± 6.6 
(0.1-30.0)

P = 0.137†

Initial NRS 6.9 ± 1.7
(4.0-10.0)

6.3 ± 1.4 
(4.0-9.0)

P = 0.041†

Decreased NRS 3.7 ± 1.6 0.6 ± 0.5
Compartment
   Facet joint (n = 56)
      Single lesion
      Multiple lesions
   Sacroiliac joint (n = 7)
      Single lesion
      Multiple lesions
   Combination  (n = 86)
   No active bone lesion (n = 26)
   Total

  43
  16
  27
    5
    4
    1
  62
  17
127

13
  5
  8
  2
  1
  1
24
  9
48

*Fisher’s exact test; †Mann-Whitney Test. NRS, numerical rating scale.

Fig. 1. Treatment response according to the intensity of lesions in SPECT/CT. The pa-
tients with definite uptake in SPECT/CT have better treatment response compared to 
the patients with no or mild uptake in SPECT/CT. *P = 0.017 (Pearson chi square).
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Table 2. Treatment response according to the number of lesions in SPECT/CT

Response

Number of active lesions

Total
Single

Multiple in single 
compartment

Multiple in multi-
ple compartment

Response (-)
Response (+)

  6
20

  9
28

24
62

  39
110

Total
Response percentage (%)

26
   76.9

37
   75.7

86
   72.1

149
P = 0.809*

*Fisher’s exact test (single lesion vs. multiple lesions).

Table 3. Treatment response according to the compartment

Response
Compartment

Facet joint Sacroiliac joint Combination

Response (-)
Response (+)

13
43

2
5

24
62

Total
Response percentage (%)

56
   76.8

7
  71.4

86
   72.1

Compartment; facet joint, sacroiliac joint and combination (P = 0.815, Fisher’s exact 
test).

Table 4. Univariate and multivariate logistic regression analysis of treatment response

Variables
Univariate Multivariate

P Odds ratio P Odds ratio

Gender 0.810 1.086 0.979
Age 0.859 0.998 0.454
Duration 0.554 0.986 0.506
Uptake 0.018* 2.264* 0.028* 2.477*
Initial NRS 0.025* 1.274* 0.032* 1.264*
Number of lesions 0.424 1.076 0.990

*P values indicate statistically significant differences. NRS, numerical rating scale.
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the treatment (P = 0.025, 95% CI, 1.031-1.574 and P = 0.018, 95% 
CI, 1.152-4.448 respectively). In multivariate logistic regression 
analysis, both definite uptake was initial NRS were also regard-
ed as significant predictors (P = 0.028, odds ratio, 2.477; 95% CI, 
1.103-5.566 and P = 0.032, odds ratio, 1.264; 95% CI, 1.021-1.565 
respectively). Other parameters (gender, age, duration of low 
back pain and number of lesions) were not significant (Table 4).
  In no active lesion with response group, the clinical diagnosis 
after the end of follow up was internal derangement of disc, failed 
back surgery syndrome, and spinal stenosis of lumbar spine. 
While, in no active lesion without response group the clinical 
diagnosis was spinal stenosis of lumbar spine and facet joint 
syndrome.
  Initial NRS before treatment between responsive and non-
responsive group was different (P = 0.041). The score of respon-
sive group was higher than that of non-responsive group. No 
significant difference is observed in NRS before treatment be-
tween definite uptake and other subgroup in responsive group 
(P = 0.901) and non-responsive group (P = 0.635). NRS decrease 
after treatment between uptake and non-uptake subgroup in 
both responsive group and non-responsive group were also not 
significantly different (P = 0.841 and 0.345, respectively) (Table 5).

Response to treatment of regional target-specific pain 
control according to the active sites on bone SPECT/CT
The percentage of patients having target specific treatment in 
the definite positive uptake group was 90.2% (92 patients of to-
tal 102 patients). Of 73 patients with no or mild uptake on SPECT/ 
CT, 44 patients were treated with target specific management 
(60.3%). Overall, 134 of 175 patients had target specific treat-
ment. In the 134 patients with target specific treatment, 99 pa-
tients showed positive response for the treatment (73.9%). How-
ever 27 of 41 patients (65.9%) having only general treatment 
also showed positive response. No significant difference was 
observed between both groups (P = 0.596).
  Considering the patients with target specific treatment (134 
patients), the group of definite uptake showed 82.6% of positive 
response (76 of 92 patients). On the contrary, the groups of no 
or mild uptake showed 54.8% of positive response (23 of 42 pa-
tients). These results showed that the treatment response rate 
of the definite uptake group was significantly higher than that 
of no or mild uptake group (P = 0.001) (Table 6). 

DISCUSSION	

In this study, the active lesion on bone SPECT/CT and initial 
NRS were found as the parameter that can predict outcome of 
treatment. The patients with definite positive finding on SPECT/ 
CT had good response for the treatment compared to those with 
no or mild uptake. The higher the initial NRS, the better outcome 
for the treatment had the patient. Other parameters such as gen-
der, age, duration of back pain, number of active lesions and lo-
cation had no role for the disease prognosis. 
  Patients with definite facet joint uptake on SPECT/CT show
ed good responses. This result is consistent with the previously 
reported result. Koh et al. reported that 79% of patients with pos-
itive facet joint lesions on SPECT/CT had good response to the 
treatment (16). This finding is already well known. Holder et al. 
(17) stated that the real value of bone SPECT was to find out suit-
able patients to undergo facet joint injection procedure. This 
statement was based on the high negative predictive value of 
bone SPECT (100%), while negative predictive value of planar 
imaging was 93%. Other studies stated similar findings. Dolan 
et al. (18) showed that bone SPECT improved the finding of met-
abolically active facet joints, directing to local steroid injection 
and better clinical outcome. McDonald et al. (19) also found 
that SPECT/CT was useful in showing the localization of active 
lesions in all 37 patients and facet joint injections were perform
ed based on these findings. These studies suggest that SPECT/
CT finding in patients with low back pain may be a prognostic 
factor. Our results were in accordance with these findings. The 
patients with definite uptake in SPECT/CT would have a favor-
able prognosis. Hence, the physicians should consider the SPECT/ 
CT finding for the therapeutic decision of the patient with low 
back pain.
  Patients with sacroiliac (SI) joint lesions also showed good 
response to treatment in our study. In clinical setting, determin-
ing sacroiliac joint as the cause of low back pain is not easy. One 
of the reasons was the uncertainty of the innervations of the 
joint (20). Different authors suggested different innervations, 
such as from sacral dorsal rami (21, 22), lumbosacral nerve root 
(23), and sacroiliac ligament (24). Murata et al. (25) illustrated 
sensory nerve fibers supplying the dorsal side originating from 
the dorsal root ganglions of the lower lumbosacral levels (from 
L4 to S2), while the ventral side from the dorsal root ganglions 

Table 5. Numerical rating scale change in patients with low back pain 

Groups Initial After treatment

Response group
   With uptake
   Without uptake

6.9 ± 1.7 (range: 4-10)
6.9 ± 1.6 (range: 4-10)
6.9 ± 1.6 (range: 4-10)

3.8 ± 1.6 (range: 2-8)
3.8 ± 1.6 (range: 2-8)
3.8 ± 1.7 (range: 2-8)

Non-response group
   With uptake
   Without uptake

6.3 ± 1.4 (range: 4-9)
6.4 ± 1.3 (range: 4-8.5)
6.2 ± 1.6 (range: 4-9)

0.5 ± 0.5 (range: 0-1.5)
0.5 ± 0.5 (range: 0-1.5)
0.5 ± 0.5 (range: 0-1.5)

P values > 0.05.

Table 6. Treatment response according to the target specific pain control 

Treatment
Uptake

No or mild uptake Definite uptake

Response (-)
Response (+)

19
23

16
76

Total
Response rate (%)

42
54.8

92
82.6

P = 0.001, Pearson chi square.
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of the lumbar to sacral levels (from L1 to S2). Erosions and scle-
rosis are the findings of radiologic imaging of sacroiliitis due to 
inflammatory spondyloarthropathy. Inflammatory spondylo-
arthropathy should be present for imaging to detect painful SI 
joint syndrome (20). Slipman et al. (26) reported that abnormal 
bone scan findings were only found in small number (13%) of 
patients who were responsive to SI joint injection, despite the 
high specificity of 100%. Therefore, we suggest that SPECT/CT 
may be a useful tool for the diagnosis and treatment of patients 
with sacroiliac joint lesions.
  It is well known that active lesion (increased uptake) reflects 
bone remodeling. Immunohistochemical analysis revealed that 
osteoblastic activity in facet joints was found in both ankylosing 
spondylitis and osteoarthritis cases suggesting that bone remo
deling/formation had a role in physiological repair function 
(27). Ratcliffe et al. (28) also found similar finding that bone re-
modeling was proved to be increased in patient with osteoar-
thritis. Woo et al. (29) showed that in patients with ankylosing 
spondylitis, response to treatment with etanercept was followed 
by increase of bone formation markers (bone alkaline phospha-
tase, osteocalcine) and decrease of matrix metalloproteinase-3 
(MMP-3), although with unchanged bone resorption marker 
(C-telopeptide of type-I collagen/CTX). The above studies and 
this current study showed that the response rate in patients 
with definite positive uptake was significantly higher than in 
those of no or mild uptake on bone scan. Thus, we can postu-
late that active lesion found on bone scan, which reflects bone 
remodeling (formation), is more potential to be responsive to 
treatment than lesion without uptake (30, 31).
  In this current study, we proved that bone SPECT/CT was 
useful in the management of patients with chronic low back 
pain. In cases with facet joint arthropathy, bone SPECT/CT could 
be used to guide the clinician to use target specific treatment 
such as medial branch block. In some cases, bone SPECT/CT 
showed the abnormality of the involved bone and guide to use 
other modality to investigate bone and the related tissue (spinal 
cord, nerve, disc, etc.) in more detail to lead to target specific 
treatments if needed. For temporary pain control, in many cas-
es non-target specific treatments were enough. This may ex-
plain the non-different response rates between target specific 
and non-target specific treatments in all sub-groups, although 
this may also be caused by the too-low number of patients in 
each sub-group. 
  Limitation of this study was the small number of patients suf-
fering from other than facet joint arthropathy, as well as no-up-
take lesions. The patient groups had heterogeneous lesions in 
low back and underwent variable combined treatment. This 
was also limitation of this retrospective study. Further study fo-
cusing on each compartment abnormality and each treatment 
may be needed for validation. The efficacy of the treatment was 
assessed during the 3 months after the initial treatment. In this 

study, long term effect of the treatment was not evaluated. The 
long term correlation between the SPECT/CT finding and treat-
ment is needed.
  Bone SPECT/CT is useful in identifying active lesions in pa-
tients with chronic low back pain and guiding the clinicians to 
use target specific treatment of pain control. In cases of active 
lesions identified on SPECT/CT, good response of pain control 
can be expected by the guidance of adequate location in target 
specific treatment. It also guided the use of other modalities to 
investigate bone and related tissues (spinal cord, nerve, disc, 
etc) in more detail. 
  In conclusion, treatment management based on bone SPECT/ 
CT findings can be considered to be effective on pain control in 
patients with chronic low back pain.
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