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Purpose: Our purpose was to evaluate whether Modic changes (MC) revealed in lumbar MRI are associated with
increased tracer uptake shown in bone scintigraphy. To our knowledge, this has not previously been studied.
Methods: We included patients with MC shown in lumbar MRI and bone scintigraphy performed within six
months before or after MRI. Exclusion criteria included metastasis and other speciﬁc lesions in the area of
interest such as discitis, tumors or fractures. We compared the level and type of MC to the degree of tracer uptake
shown in bone scintigraphy. Tracer uptake was assessed both visually and quantitatively. We calculated the
lesion-to-normal-bone ratios between the MC area with increased tracer uptake and the vertebra with normal
tracer uptake. We used linear mixed models in statistical analyses.
Results: Our study sample consisted of 93 patients (aged 37–86) with 299 MC (28 Type 1 (M1), 50 mixed Type
1/2 (M1/2), 3 mixed Type 1/3 (M1/3), 211 Type 2 (M2), 6 mixed Type 2/3 (M2/3), and 1 Type 3 (M3)). Of all
the MC, 26 (93 %) M1, 34 (64 %) in the combined M1/2 and M1/3 group, and 11 (5 %) in the combined M2,
M2/3 and M3 group showed increased tracer uptake. The mean lesion-to-normal-bone ratio was higher for
lesions with a Type 1 component (M1, M1/2 and M1/3) than for other types, at 1.55 (SD 0.16) for M1; 1.44 (SD
0.21) for combined M1/2 and M1/3; and 1.28 (SD 0.11) for combined M2, M2/3 and M3; p = 0.001).
Conclusion: In most cases, MC with a Type 1 component showed increased tracer uptake in bone scintigraphy.
This indicates that bone turnover is accelerated in the M1 area.

1. Introduction
Modic changes (MC) are vertebral endplate lesions that are visible
in magnetic resonance imaging (MRI), and which correlate with intervertebral disc degeneration [1,2] and low back pain (LBP) [3–6]. They
are classiﬁed on the basis of vertebral end plate signal intensities into
Types 1, 2 and 3 [2]. Type 1 changes (M1) show low signal intensity on
T1-weighted and high signal intensity on T2-weighted images, indicating bone marrow edema. M1 is connected to increased bone
turnover [2]. Type 2 changes (M2) show high signal intensity on T1and T2-weighted images, representing yellow bone marrow

replacement [2], whereas Type 3 changes (M3), showing low signal
intensity on T1- and T2-weighted images, are associated with subchondral bone sclerosis [1,7]. The identiﬁcation of mixed types 1/2
(M1/2) and 2/3 (M2/3) is thought to indicate diﬀerent stages of the
same pathologic process, as Modic types can convert from one to another [8–12]. It has been suggested that injury, inﬂammation or infection are the etiological factors behind MC. Some researchers believe
that these processes are closely interrelated with each other and that
each might play a role in the chain of events leading to MC [13,14].
Recently, novel candidate genes have also been identiﬁed as a predisposing factor [15].

Abbreviations: MC, Modic changes; MRI, magnetic resonance imaging; 99mTc, 99mTechnetium; 99mTc-HDP, 99m Technetium-labeled hydroxymethylene diphosphonate; M1, Type 1 Modic change; M2, Type 2 Modic change; M3, Type 3 Modic change; M1/2, Type 1/2 mixed Modic change; M1/3, Type 1/3 mixed Modic
change; M2/3, Type 2/3 mixed Modic change; LBP, low back pain; κ, Cohen’s kappa; ICC, intraclass correlation coeﬃcients; SPECT, single photon emission computed
tomography
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2.2.2. Nuclear imaging
Bone scintigraphy was obtained approximately three hours after an
intravenous injection of 550–740 MBq 99mtechnetium-labeled hydroxymethyline diphosphonate (99mTc-HDP, Mallinckrodt Inc.). We performed whole body scans with anterior and posterior views using a dual
head gamma camera equipped with a low-energy high-resolution collimator. The camera used was an Adac Vertex (ADAC Laboratories,
Milpitas, CA, USA), an Adac Forte, or a Siemens Symbia T2 (Siemens
Medical Solutions USA, Inc.). The matrix was 512 × 512, 512 × 1024,
or 256 × 1024, respectively. The scanning speed was 8 cm/min. Energy
discrimination was provided by a 20 % window centered on the 140keV peak of 99mTc.

Bone scintigraphy is a functional imaging method based on the
uptake of 99mTechnetium (99mTc) -labelled diphosphonates into the
skeleton. The intensity of this uptake is related to bone blood ﬂow,
especially to osteoblast activity. Bone scintigraphy shows a focally increased uptake of a bone-seeking radiopharmaceutical in a variety of
bone disorders such as metastases, fractures, infections, and inﬂammations [16,17].
As the relationship between bone scintigraphy and the diﬀerent
types of MC has not been quantiﬁed, we aimed to evaluate the relationship between MC and bone scintigraphy ﬁndings in terms of detection and quantiﬁcation. We hypothesized that due to the increased
bone turnover, M1 could also be visible as a hot spot with increased
tracer uptake in bone scintigraphy.

2.3. Image analysis
2. Material and methods

A fellow in musculoskeletal radiology (JJ) analyzed the MR images
at a clinical workstation (Neaview Radiology, version 2.23, Neagen
corp., Finland). He recorded the MC at the endplates of the lumbar
spine (L1 – S1). The type, depth and location of each MC were classiﬁed
as previously [2,7,8] (Fig. 1). He divided the depth of the MC into three
categories: 1–25 %, 26–50 %, and over 50 % of the total height of the
lumbar vertebra.
The same researcher (JJ) analyzed the bone scintigraphy images
using the same clinical workstation. The scintigraphy images of the
patients with MC were screened for spots of increased tracer uptake. If
the spot was in the anatomic location of MC, it was considered a hot
spot resulting from the increased bone turnover of MC. The intensity of
the tracer uptake in the hot spot was measured by the workstation’s
region of interest (ROI) tool. This tool indicates the average of the pixel
values in the measured area. The greater the average pixel value, the
more intense the tracer uptake. To normalize the intensity of the tracer
uptake in the hot spot with the normal bone tracer uptake, a lesion-tonormal-bone ratio was determined. For the lesion-to-normal-bone ratio,
the ROI was drawn over the hot spot and another ROI of equal size was
drawn over the ﬁrst lumbar vertebra that had normal, symmetrical
tracer uptake (Fig. 2). In few cases of MC located at L1/2, the twelfth
thoracic vertebra was used as the control. The analyzer measured the
tracer uptake intensities from both the anterior and posterior views and
used a geometric mean of the pixel values to calculate the lesion-tonormal-bone ratio.
To estimate the reliability of the image analysis, the ﬁrst author (JJ)
reassessed the MRI scans and bone scintigraphy images of 20 patients,
blinded to the original reading. In addition, an experienced musculoskeletal radiologist (JN) evaluated the same patients, also blinded in
order to estimate interobserver reliability.

2.1. Study population
The study population consisted of 204 patients who had undergone
both lumbar MRI and bone scintigraphy during a six-month period in
2007 or 2008. We retrospectively chose eligible patients from the
radiology information system of the University Hospital. The lumbar
spine MRI scans of the patients were screened for any type of lumbar
MC. We excluded patients with metastasis, tumors, spondylodiscitis,
fractures, previous radiation therapy, or prominent image artefacts in
the lumbar spine, as well as patients aged under 20. The ﬁnal study
sample consisted of 93 patients (mean age 64, range 37–86; 46 %
males). The distribution of the time interval between the lumbar MRI
and bone scintigraphy was positively skewed with a median of 28 days
and interquartile range of 13–68 days. Fifteen (16 %) patients had a
time interval of over 90 days. Table 1 presents the clinical indications of
MRI and bone scintigraphy.
The study was approved by the Ethics Committee of the University
Hospital. The research was conducted according to the principles of the
Declaration of Helsinki.
2.2. Imaging methods
2.2.1. MR imaging
We obtained MR images using a 1.5Tesla GE Signa with a Phased
Array CTL Spine Coil (USA Instruments). The routine lumbar spine
imaging protocol consisted of sagittal T1-weighted [e.g. Repetition time
(TR) / Echo time (TE) 1810 / 18 ms] ﬂuid-attenuated inversion recovery, sagittal T2-weighted (e.g. TR / TE 3960 / 116 ms) fast spinecho and axial T2-weighted fast spin-echo (e.g. TR / TE 3000 / 103 ms)
imaging of the lumbar spine. The inversion recovery time for the T1weighted images was 860 ms, and the number of excitations for both
the T1- and T2-weighted images was four. The echo train length for the
T1-weighted images was 8; for the T2-weighted sagittal images, 29; and
for the T2-weighted axial images, 26. The image matrix of the T1weighted images was 448 × 192; of the T2-weighted sagittal images,
448 × 224; and of the T2-weighted axial images, 256 × 160. The ﬁeld
of view for the sagittal images was 28 × 28 cm and for the axial images
18 × 18. Slice thickness was 4 mm and the interslice gap was 1 mm.

2.4. Statistical analysis
We assessed the prevalence of MC at diﬀerent lumbar levels using
cross-tabulations. We evaluated the number and proportion of MC with
increased tracer uptake, and calculated the mean values with standard
deviations of the lesion-to-normal-bone ratios separately for each MC
type and for the combined group with the M1 component (M1/2 and
M1/3) and the combined group without the M1 component (M2, M2/3
and M3). We also made the same calculations for three time-interval
groups (< 1 month, 1–3 months, > 3 months) to further specify the
eﬀect of the time interval between the imaging studies. We analyzed the
relationship between the MC types (M1, combined M1/2 and M1/3
group, and combined M2, M2/3 and M3 group)) and the lesion-tonormal-bone ratio using linear mixed models, because of the correlated
measures within the subjects. The lesion-to-normal-bone ratio was
treated as a dependent variable, lumbar level as a repeated factor, and
the combined MC type groups was treated as a ﬁxed eﬀect. As sensitivity analyses, we conducted the same analyses, excluding those with a
time period of over 90 days. We analyzed the intra- and interobserver
reliabilities using Cohen’s kappa (κ) for the detection and type of MC,

Table 1
Indications of magnetic resonance imaging and scintigraphy among 93 patients.
Indication

MRI

Scintigraphy

Malignancy or suspected malignancy
Back pain
Pre- or postoperative study
Neurological symptom or ﬁnding
Infection or suspected infection
Other

52 (55.9 %)
22 (23.7 %)
7 (7.5 %)
5 (5.4 %)
3 (3.2 %)
4 (4.3 %)

68 (73.1 %)
4 (4.3 %)
6 (6.5 %)
4 (4.3 %)
3 (3.2 %)
8 (8.6 %)

2
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Fig. 1. Example of Modic 1/2 change at L4/5.
(A) T1-weighted MRI, (B) T2-weighted MRI, and (C) Increased tracer uptake shown in bone scintigraphy.

the M1 group, 34 (64 %) in the combined M1/2 and M1/3 group, and
11 (5 %) in the combined other Modic types group showed increased
tracer uptake in bone scintigraphy.
The mean lesion-to-normal-bone ratio in bone scintigraphy was
signiﬁcantly higher for the MC with an M1 component than for the MC
without an M1 component; 1.55 (SD 0.16) for M1, 1.41 (SD 0.21) for
M1/2, 1.76 (SD 0.01) for M1/3, 1.28 (SD 0.12) for M2, and 1.36 for M3
(p = 0.001, Table 3). The estimated mean lesion-to-normal-bone ratio
for M1 (1.54, standard error (SE) 0.04) was higher than that for the
combined M1/2 and M1/3 group (1.44, SE 0.03; p = 0.045) and that
for the combined M2, M2/3 and M3 group (1.29, SE 0.06; p < 0.001).
The regression coeﬃcients (compared to M1) were −0.10 (95 % C.I.
−0.20, −0.002) for the combined M1/2 and M1/3 group, and −0.25
(−0.39, −0.12) for the combined M2, M2/3 and M3 group. When the
lesions with a Type 1 component (M1, M1/2, M1/3) were combined as
one group, bone scintigraphy showed 60 out of 81 (74 %) MC with
increased tracer uptake (mean lesion-to-normal-bone ratio 1.49, SD
0.20). In contrast, scintigraphy showed 10 of the 217 (4.6 %) MC in the

and intraclass correlation coeﬃcients (ICC) for the detection of hot
spots and lesion-to-normal-bone ratio measurements [18,19]. We used
IBM SPSS Statistics 24 to conduct all the statistical analyses.
3. Results
3.1. Number and distribution of Modic changes
The total number of MCs was 299 (Table 2). They were distributed
at the diﬀerent lumbar levels as follows: 13 (4 %) at L1/2, 38 (13 %) at
L2/3, 34 (11 %) at L3/4, 80 (27 %) at L4/5, and 134 (45 %) at L5/S1.
3.2. Modic types and their association with tracer uptake
The data consisted of 28 M1, 50 M1/2, three M1/3, 211 M2, six M2/
3 and one M3. Table 3 presents the numbers and proportions of the
Modic types with increased tracer uptake in scintigraphy and the means
of the pixel values measured by scintigraphy. In all, 26 (93 %) MC in
3
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Fig. 2. Example of measuring pixel values (PV) by placing ROIs on
lesion with increased tracer uptake (asterisk) and on control
vertebra (arrow).
(A) Anterior image; the average PV on the lesion with increased
tracer uptake is 223 (SD 31); and on the control vertebra, 110 (SD
21). Ratio of increased tracer uptake intensity: 223/110 = 2.03.
(B) Posterior image; the average PV on the lesion with increased
tracer uptake is 190 (SD 33), and on the control vertebra, 160 (SD
35). Ratio of increased tracer uptake intensity: 190/160 = 1.19.
Lesion-to-normal-bone ratio is a geometrical mean of anterior and
posterior measurements: √2.03 × 1.19 = 1.55.

combined group with a Type 2 component (M2 and M2/3) as having
increased tracer uptake (mean lesion-to-normal-bone ratio 1.28, SD
0.12).

Table 3
Key ﬁgures of Modic changes (MC) with increased tracer uptake shown in
scintigraphy.
Modic type

3.3. Eﬀect of time interval between the imaging studies on lesion-to-normalbone ratios
M1
M1
M1/2 & M1/3b
M1/2
M1/3
M2 & M3b
M2
M2/3
M3
Total

Only 8 % of the sample had a time interval of over 90 days between
the MRI and bone scintigraphy. Table 4 shows the mean lesion-tonormal-bone ratios separately for those with a time interval of 30 days
or less, 31–90 days, and over 90 days. When those with a time interval
of over 90 days were excluded, the estimated mean lesion-to-normalbone ratio for M1 (1.53, SE 0.04) was higher than that of the combined
M2, M2/3 and M3 group (1.26, SE 0.06; p < 0.001) but did not diﬀer
from that of the combined M1/2 and M1/3 group (1.47, SE 0.03; p =
0.212). The regression coeﬃcients (compared to M1) were −0.06 (95
% C.I. −0.16, 0.04) for the combined M1/2 and M1/3 group, and
−0.28 (−0.42, −0.14) for the combined M2, M2/3 and M3 group.

Number of MC and mean lesion-to-normal-bone ratio
n (%)

Mean (SD)a

26 (93)

1.55 (0.16)

31 (62)
3 (100)

1.41 (0.21)
1.76 (0.01)

10 (5)
0 (0)
1 (100)
71(24)

1.28 (0.12)
–
1.36 (−)
1.46 (0.21)

Mean (SD)b

Pc

1.55 (0.16)
1.44 (0.22)

0.045

1.28 (0.11)

< 0.001

SD = standard deviation.
a
Each Modic type separately.
b
Combined Modic types.
c
Pairwise comparisons to M1 from the linear mixed model.

3.4. Reliability of image readings

4. Discussion

The intraobserver reliability for the type of MC (κ = 0.73) and bone
scintigraphy measurements (ICC = 0.72) was good. The interobserver
reliability for detecting MCs was very good (κ = 0.96) and for detecting
scintigraphy’s hot spots, excellent (ICC = 0.92). The interobserver reliability for the type of MC (κ = 0.69) was good and for bone scintigraphy measurements (ICC = 0.91), excellent.

We found a signiﬁcant association between the MC containing M1
and increased bone turnover shown in bone scintigraphy in the same
area. In the current study, bone scintigraphy showed that 93 % of M1
and 64 % of the combined M1/2 and M1/3 group had increased tracer
uptake, whereas the percentage of MC with an increased tracer uptake
was only 5 % among the other types (M2, M2/3, M3). To our

Table 2
Distribution of Modic types according to lumbar levels.
Modic type

L1/2

L2/3

L3/4

L4/5

L5/S1

Total

M1
M1/2
M1/3
M2
M2/3
M3
Total

1 (7.7)
6 (46.2)
0 (0.0)
6 (46.2)
0 (0.0)
0 (0.0)
13 (100)

7 (18.4)
9 (23.7)
0 (0.0)
22 (57.9)
0 (0.0)
0 (0.0)
38 (100)

4 (11.8)
6 (17.6)
0 (0.0)
22 (64.7)
2 (5.9)
0 (0.0)
34 (100)

11 (13.8)
13 (16.3)
2 (2.5)
54 (67.5)
0 (0.0)
0 (0.0)
80 (100)

5 (3.7)
16 (11.9)
1 (0.7)
107 (79.9)
4 (3.0)
1 (0.7)
134 (100)

28 (9.4)
50 (16.7)
3 (1.0)
211 (70.6)
6 (2.0)
1 (0.3)
299 (100)

Numbers (%) indicated.
4
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Table 4
Key ﬁgures of Modic changes (MC) with increased tracer uptake divided into three time-groups. MRI = magnetic resonance imaging.
Time interval between MRI and bone scintigraphy
30 days or less

M1
M1/2 & M1/3
M2 & M3
Total
a

31–90 days

91–180 days

N

Mean (SD)a

N

Mean (SD)a

N

20 (76.9)
17 (50.0)
6 (54.5)
43 (60.6)

1.51 (0.11)
1.47 (0.16)
1.25 (0.05)

4 (15.4)
16 (47.0)
2 (18.2)
22 (31.0)

1.75 (0.27)
1.42 (0.28)
1.27 (0.13)

2
1
3
6

Mean (SD)a
(7.7)
(2.9)
(27.3)
(8.4)

1.59 (0.00)
1.13 (-)
1.36 (0.20)

Mean lesion-to-normal-bone ratio.

knowledge, this is the ﬁrst publication to report a speciﬁc relationship
between MC and bone scintigraphy ﬁndings. Our results suggest that
most M1 may be visible in bone scintigraphy as the lesion of an increased tracer uptake. This association also supports the theory that
bone turnover and blood ﬂow are increased in the area of the MC
containing an M1 component [2].
Modic et al. [2] investigated histopathological specimens from the
areas of degenerative endplate signal changes. The histopathology of
M1 showed ﬁbrovascular replacement of normal bone marrow. The
amount of reactive woven bone with thickened trabeculae and prominent osteoclasts and osteoblasts was also higher, which indicates rapid
bone turnover. However, the histopathology of M1 was originally based
on only three specimens. Few studies exist on the bone turnover of MC
shown in nuclear imaging. In one reliability study, bone scintigraphy or
single photon emission computed tomography (SPECT) showed that M1
and M2 changes had an increased tracer uptake [20]. Lusins et al. [21]
proposed that a positive endplate in SPECT in degenerative disc disease
is related to marrow changes in the region of the endplate of the disc,
and that SPECT may be of value in delineating early end plate changes
prior to the MRI showing M1 or M2 in the same area. Their patients’ (n
= 48) MRI and SPECT were taken within six weeks of each other.
Twenty-six of these displayed M1 and 12 showed M2. Of the 38 individuals with MC, all but one had a positive SPECT scan. In our study,
the proportion of M2 with increased tracer uptake in bone scintigraphy
was considerably lower. We had only a few MC that contained an M3
component, which was in accordance with other studies [3]. We found
one M3, three M1/3 changes and six M2/3 changes. Bone scintigraphy
showed increased tracer uptake for all the M3 and M1/3, but none for
the M2/3. However, the low number of cases limits any ﬁrm conclusions. An Australian study analyzed bone samples from MC using microCT to assess bone micro-architectural parameters and remodeling indices. M1 showed the highest bone turnover, which is consistent with
our results. The M2 biopsies were indicative of reduced bone formation
and remodeling. The M3 biopsies suggested a more stable sclerotic
phase, linked to increased bone formation and reduced resorption [22].
The pathophysiology of MC is still not known. M1 may represent an
inﬂammatory reaction of the subchondral bone [23–30]. It has been
suggested that repeated trauma to the intervertebral disc results in
upregulation of inﬂammatory mediators in the nucleus pulposus. Diffusion of such toxic chemicals through the vertebral endplates could
result in a local inﬂammatory reaction [28]. The results of Ohtori et al.
[26] suggest that endplate abnormalities are related to inﬂammation,
and the number of TNF-immunoreactive cells in the endplates with M1
was signiﬁcantly higher than that in the endplates with M2. In a French
study, the level of high-sensitive C-reactive protein was higher in M1
than in M2 [24]. Furthermore, Dudli et al. [30] concluded that MC
require endplate defects that allow bone marrow and nucleus pulposus
cells to co-mingle, and an adjacent inﬂammatory “MC disc” that can
amplify the immune response. Recently, a low-grade bacterial infection
has also been proposed as an etiological factor of MC. The nuclear tissue
of herniated discs demonstrates the presence of low virulent anaerobic
microorganisms. A quiet infection in the disc due to these low virulent

bacteria may give rise to an inﬂammation in the adjacent bone around
the endplates, which appears as M1 [31]. Our results suggest that blood
ﬂow and osteoblast activity are increased in the area of MC that contain
an M1 component.
In the diagnostic context, the results of our study may provide an
additional tool for physicians who report ﬁndings in bone scintigraphy.
The clinical relevance of our ﬁnding is supported by the observation
that MC with an M1 component are more frequently associated with
pain than other Modic types [12,27,32–34]. In a Japanese study [26],
73 % of the patients with M1 suﬀered from low back pain (LBP), in
comparison to only 11 % of those with M2. Kääpä et al. [27] showed in
their descriptive study that patients with chronic LBP displaying an M1
suﬀered from signiﬁcantly more pain and disability than patients with
M1/2. Their tentative interpretation was that as an M1 turns into an
M2, pain intensity and perceived disability subside. Kjaer et al. [34]
found a strong association between LBP and MC, particularly with M1,
in a population-based sample. Albert and Manniche [35] observed that
pain was more frequent among subjects displaying M1 than among
those with M2, although the diﬀerence was not statistically signiﬁcant.
Anatomical imaging such as MRI oﬀers morphological information
on tissues such as bone marrow. It may reveal degenerative disc disease, osteophytes and MC in patients with LBP. The anatomical information of bone scintigraphy is inferior to that of MRI, but a potential
advantage of such functional imaging is that it can show the physiological activity of an osseous lesion [36]. Although we did not address
this in the current study, the amount of tracer uptake may also correlate
with MC activity and show a similar pain relationship. The additional
information obtained through bone scintigraphy, in combination with
MRI ﬁndings, may have clinical importance, as MC most likely present
diﬀerent stages of the same pathological process [8], and the temporal
evolution of MC may take years [12,37]. Routine MRI may not be enough to diﬀerentiate between the active and silent phases of MC. Further studies on the association of the tracer uptake of MC, using a more
sensitive and speciﬁc method such as SPECT and with concurrent pain
and disability reports on the patient, would clarify the clinical relevance of the increased bone turnover.
Our study has some limitations. First, the bone scintigraphy results
were analyzed by one reader according to the MRI ﬁndings and were
hence not blinded. We did not analyze the bone scintigraphy results in a
blinded way because we were primarily using scintigraphy not for lesion detection but as an activity indicator of focal bone metabolism. For
the lesion-to-normal-bone ratio measurements, we attempted to locate
the MC on the scintigraphy images as accurately as possible, according
to the MRI ﬁndings. For improving the reliability of image reading, two
readers assessed the images and were blinded to both the original
readings and each other. The reliability of the image analysis varied
from good to excellent, which reduces the image reading bias of our
study design. The reliability of the interpretation of Modic classiﬁcation
has shown to vary from moderate [39] to excellent [20,39–42]. In a
North American study [20], interobserver reliability in the interpretation of bone scintigraphy was moderate, whereas two experienced
physicians in nuclear medicine reached good interobserver agreement
5
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in the area of the lumbar spine in another study [43]. Second, as bone
scintigraphy images are acquired from the planar anterior and posterior
orientation, it is not always possible to localize the lesion to a precise
skeletal location because of the overlap of the bony structures. Furthermore, the spatial resolution of bone scintigraphy is inferior to
SPECT, which allows more accurate anatomic localization of increased
tracer uptake [36]. Therefore, SPECT could oﬀer a more sensitive and
speciﬁc tool for diﬀerentiating MCs from other degenerative changes
[38]. Third, planar bone scintigraphy is an unspeciﬁc imaging method,
and the tracer uptake may be similar in many diﬀerent malignant and
benign conditions. We excluded metastasis, tumors and infections such
as spondylodiscitis. However, many degenerative changes in the endplates, facet joints or on the edge of the vertebral body, such as spondylosis deformans or paravertebral osteophytes, may also manifest as
an increased tracer uptake [36]. Therefore, as it was sometimes impossible to diﬀerentiate whether the tracer uptake was due to an MC or,
for example, a paravertebral osteophyte, we used the information from
the MRI images to place the ROIs in the bone scintigraphy over the area
of the MC. The increased tracer uptake may have been due to an osteoarthritic change and not necessarily related to the MC itself. Finally,
our patients’ lumbar MRI and bone scintigraphy were taken within six
months of each other. Although it has been reported that the conversion
of MC from one type to another is a slow process [12,37], we cannot
exclude the possibility that the activity of the lesions in the bone
scintigraphy may have changed during the six-month time period of the
current study. However, most patients’ examinations were taken within
three months of each other. We excluded patients with time interval of
over three months between their MRI and bone scintigraphy in our
sensitivity analysis. As a result, the estimated mean lesion-to-normalbone ratio for M1 was still higher than that of the combined M2, M2/3
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