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Abstract

Purpose Modic changes (MCs) have been suggested to

be a diagnostic subgroup of low back pain (LBP). How-

ever, the clinical implications of MCs remain unclear. For

this reason, the aims of this study were to investigate how

MCs developed over a 14-month period and if changes in

the size and/or the pathological type of MCs were associ-

ated with changes in clinical symptoms in a cohort of

patients with persistent LBP and MCs.

Methods Information on LBP intensity and detailed

information from MRI on the presence, type and size of

MCs was collected at baseline and follow-up. Changes in

type (Type I, II, III and mixed types) and size of MCs were

quantified at both time points according to a standardised

evaluation protocol. The associations between change in

type, change in size and change in LBP intensity were

calculated using odds ratios (ORs).

Results Approximately 40 % of the MCs followed the

expected developmental path from Type I (here Type I or

I/II) to Type II (here Type II or II/III) or Type I to Type

I/II. In general, the bigger the size of the MC at baseline,

the more likely it was that it remained unchanged in size

after 14 months. Patients who had MC Type I at both

baseline and 14-month follow-up were less likely to

experience an improvement in their LBP intensity as

compared to patients who did not have Type I changes at

both time points (OR 7.2, CI 1.3–37). There was no asso-

ciation between change in size of MCs Type I and change

in LBP intensity.

Conclusions The presence of MCs Type I at both baseline

and follow-up is associated with a poor outcome in patients

with persistent LBP and MCs.

Keywords Low back pain � Modic changes � Magnetic

resonance imaging � Association

Background

Modic changes (MCs) have been suggested to be a specific

cause of low back pain (LBP) [14] and have therefore been

given increasing attention in recent years. MCs are only

seen with Magnetic Resonance Imaging (MRI) and were

first described by Modic et al. [24, 26] who identified three

types (Type I, II and III). Based on the histological studies

[26] Type I was characterised by fissured endplates and

vascular granulation tissue adjacent to the endplate,

whereas Type II was characterised as disruption of the

endplates as well as fatty degeneration of the adjacent bone

marrow. Type III appeared to involve sclerosis of the bone

marrow as seen on radiographs [24]. MCs are considered to

be a stage of the disc degeneration process [8] and it seems

to be generally accepted that there exists a ‘developmental

pathway’ for the specific types of MCs where Type I

develops into mixed Type I/II or into Type II [3, 23, 25, 26].

A review from 2008 [10] investigating the prevalence of

MCs and the association with LBP found that the median

prevalence of MCs was 43 % in the included clinical pop-

ulations and 6 % in the non-clinical populations. Positive
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associations between MCs and LBP were found with odds

ratios (ORs) ranging from 2 to 20. More recently, three

additional studies [20, 27, 32] reported similar findings, in

which ORs for this association were 5, 9 and 28.

One of these studies [32] reported a higher positive pre-

dictive value for pain generation with discography for MCs

Type I (0.81) than for MCs Type II or III (0.64 and 0.57,

respectively). In a non-clinical population, Kjaer et al. [15]

found that analysing MCs Type I separately from the other

types increased the strength of the association between MCs

and LBP. Othori et al. [28] hypothesised that inflammation in

the vertebra in MCs Type I was the cause of pain via irritation

of sensory nerve fibres. They investigated the level of pro-

inflammatory cytokines, which are known mediators of the

peripheral inflammatory response, and found that the num-

ber of TNF-immunoreactive cells (TNF, tumour necrosis

factor) was significantly higher in patients with MCs Type I

than in patients with Type II changes [28]. This implies that

different types of MCs could have different associations with

LBP and different clinical importance.

Furthermore, the size and location of MCs could be of

clinical importance. In asymptomatic people, MCs have

been reported as being mainly small and located in the

anterior parts of the vertebrae at the upper lumbar levels

[7]; whereas in people with LBP, MCs are larger, located at

the lower lumbar levels [19] and more likely to involve

more than just the anterior part of the endplate [9].

Although MCs are known to change from one type to

another [26], only 23 % of the persons with MCs in a non-

clinical population did not have MCs 4 years later [9].

In summary, MCs are highly prevalent in clinical pop-

ulations associated with LBP and are known to be fairly

consistent over time. However, their clinical implications

over time remain unclear. For this reason, the aim of this

study was to study how MCs developed over a 14-month

period and if change in the type of MCs was associated

with change in clinical symptoms.

The specific objectives of this study were to investigate

in a group of conservatively treated patients with persistent

LBP and MCs (1) how MCs are distributed at each verte-

bral endplate level at two time points, (2) how the type and

size of MCs develop over time, (3) if the development of

MCs Type I is associated with increased LBP intensity, and

(4) if change in size of MCs Type I is associated with

increased LBP intensity.

Method

Study design

Data for this study originated from a (two-group) ran-

domised controlled trial but as there was no treatment

effect difference between the intervention groups, this

secondary analysis considered the data as being from a

(single-group) longitudinal cohort study. Full details of the

trial can be found in the article by Jensen et al. [11].

Study sample

Participants in the study were patients from an outpatients

clinic with LBP and a minimum of one MC (Type I, II or

III) that extended beyond the endplate into the vertebral

body (category 2, 3 and 4 in Fig. 1). They had all received

conservative treatment while participating in a trial from

which information is summarised in Table 1.

Data collection and variables of interest

MRIs were obtained at baseline and 14 months later. At

both time points, a booklet with questionnaires was dis-

tributed to the patients to complete in their own time before

the MRI was conducted.

The MRI system was a 0.2 T (Magnetom Open Viva;

Siemens AG, Erlangen, Germany) and a body spine surface

coil was used with the patient in the supine position. The

imaging protocol consisted of sagittal and axial T1- and

T2-weighted sequences.

The MRI of the 11 endplates (upper L1 to upper S1), at

both baseline and 14-month follow-up, was evaluated by a

musculoskeletal radiologist with extensive MRI experience

who was blinded to patient information other than the

patient’s name, sex and age. MCs were evaluated accord-

ing to the standardised evaluation protocol ‘Nordic Modic

Consensus Group classification’ [12]. Previous evaluation

of the protocol by the same radiologist using the same MRI

procedure protocol has shown substantial to almost perfect

Fig. 1 Classification of the size of an MC is related to its relative

depth of extension of the vertebral body height: 1 Endplate only, 2
\25 %, 3 25–50 %, and 4 [50 %
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reproducibility with Kappa values for intra-observer

reproducibility (j = 0.77–1.0) and inter-observer repro-

ducibility (j = 0.73–0.91) [12].

The type of MCs was graded Type I, Type II or Type III

as described by Modic et al. [24, 26]. If more than one type

was present within the same endplate, that endplate was

graded as a mixed Type I/II, mixed Type I/III or mixed

Type II/III. The size of the MC was defined as the maxi-

mum cranio-caudal extension (0–4) evaluated on the sag-

ittal images as demonstrated in Fig. 1.

Background variables collected at baseline are shown in

Table 2. At baseline and follow-up, the outcome measure

of current LBP intensity was scored on an 11-point

Numeric Rating Scale that ranged from 0 (no pain) to 10

(worst pain) [6, 33].

Data management and analysis

Description of cohort

Comparisons were made of baseline data between com-

pliers and non-compliers (drop-outs) using t tests or a non-

parametric equivalent for continuous variables and Fisher’s

Exact Test for categorical variables. Linear regression was

used on baseline data to study the baseline association

between the presence of Type I, size of Type I and LBP

intensity.

Objective 1 and 2

The type and size of MCs were described by frequency

tables for each endplate. The development in type and size

of MCs for each endplate level was analysed by cross-

tabulations of the same variables obtained at the two time

points. Linear regression was used on baseline data to

assess the relationship between the number of endplates

affected with MCs and the age of the patient.

Objective 3 and 4

Association between the development of MCs Type I, the

change in size of Type I and the change in LBP intensity

over time was analysed using multivariate logistic regres-

sion adjusted for age and sex.

The definition of an MC Type I patient was a person

with one or more of the 11 endplates containing MCs Type

I independent of the presence of other types of MCs.

Development of MC Type I was based on the presence of

Type I changes present at baseline (yes/no) and at follow-

up (yes/no).

A change score of the development of the size of Type I

was calculated by subtracting the follow-up score from the

baseline score for the largest MC Type I for each patient. The

score was dichotomised into decrease in size (a change score

[0), or no change/increase in size (a change score B0).

Table 1 Description of the clinical trial

Participants

Recruitment Patients were recruited from a specialised outpatient spine clinic in Denmark after referral from the primary care sector.

Selection From August 2007 to December 2008, MRI was routinely performed on all patients meeting the following criteria: (1) no

contraindications for MRI, (2) LBP or leg pain of at least 3 on an 11-point Numerical Rating Scale, (3) duration of current symptoms from 2

to 20 months, and (4) age above 18 years. Patients with an MRI showing MCs (Type I, II or III) with an extension beyond the endplate of

the vertebra (category 1 in Fig. 1) underwent a clinical examination.

Inclusion Patient inclusion criteria were (1) LBP of at least 3 on an 11-point Numerical Rating Scale, (2) LBP greater than any leg pain

present, (3) duration of current symptoms from 2 to 12 months, (4) age from 18 to 60 years, (5) ability to read and speak Danish, and (6) a

willingness to endplate into the vertebral body.

Exclusion Patients were excluded if they (1) were unable to participate in the project because of other physical or mental disorders, (2) had a

competing LBP aetiology such as disc herniation with symptomatic root compression, or (3) had undergone previous spinal surgery with no

pain relief after the operation.

Randomisation By means of computerised minimisation software, patients were allocated into one of the two intervention groups: the new

treatment approach (rest groups) and a comparison treatment (exercise group).

Intervention

Intervention groups The rest group was instructed to avoid hard physical activity and to rest twice daily for 1 h, by lying down and the

exercise group received exercises for the stabilising muscles in the low back and abdomen together with dynamic exercises, exercises for

postural instability and light physical fitness training.

Duration The duration of the interventions was 10 weeks.

Follow-up Data were obtained at 10 weeks (post-treatment) and at 62 weeks after baseline (14-months).

Ethics The study was approved by the Ethics Committee for the Region of Southern Denmark, approval #S-VF-20060111 and registered in

ClinicalTrials.gov Identifier #NCT00454792.
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Change in LBP intensity was calculated by subtracting

the follow-up score from the baseline score giving a raw

change score. That score was dichotomised into

‘improvement’ (decrease in LBP intensity as measured by

a change score [0), or ‘no improvement’ (no change or

increase in LBP intensity as measured by a change score

B0) and used as the outcome (dependent) variable in these

regression analyses.

Significance was set at the 5 % level and all analyses

were performed using the Stata version 11 statistical soft-

ware (StataCorp LP, College Station, Texas, USA).

Results

At baseline, 557 patients were screened with MRI and of

those, 244 (44 %) had MCs with a ‘maximum height’

extending beyond the endplate of the vertebral body. Of the

244 potential participants, 110 did not meet the inclusion

criteria, 29 declined to participate, four went into another

study and one needed acute attention. The remaining 100

patients were included in the study and 96 of those received

an MRI at follow-up. Four patients dropped out, one

because of contraindication for MRI (pregnancy), one

because of personal problems and two because they could

not find the time to participate. There were no statistically

significant differences in the baseline variables listed in

Table 2 between the four patients who dropped out and

those who stayed in the study (data not shown).

In all, 96 patients (1,056 endplates) were available and

were used for the final analysis. Details of the baseline

characteristics are displayed in Table 2. The mean age of

the 96 patients was 46 years (range 21–60), 69 % were

women and the average pain intensity was 5.3 (SD ± 1.9).

The number of patients who had an MC Type I at baseline

was 74 (77 %) and of those 18 (24 %) had a size \25 %

(category 2), 26 (35 %) had a size between 25 and 50 %

(category 3) and 30 (41 %) had a size[50 % (category 4).

At baseline, there was no association found between the

presence of Type I and LBP intensity (coefficient -0.7, CI

-1.7–0.3) or between the size of the MC Type I and LBP

intensity (coefficient -0.1, CI -0.4–0.1).

How are MCs distributed at each endplate level

at the two time points?

Of the 1,056 endplates, 262 (24.8 %) showed MCs at

baseline compared with 269 (25.5 %) at follow-up. On

average, patients had 2.7 (range 1–6) endplates with MCs

at baseline and 2.8 (range 0–9) at follow-up. The number of

endplates affected with MCs per patient at baseline

increased significantly with the patient’s age (coefficient

0.03, CI 0.01–0.06, p = 0.005).

The distribution of type and size of MCs obtained at

baseline is shown in Table 3 and for the 14-month follow-

up in Table 4. When considering only MC-affected end-

plates, the most common type was Type I (41 %) followed

by Type II (34 %) and mixed types (25 %). At follow-up,

Type II (42 %) was the most common type followed by

Type I (36 %), mixed types (22 %) and Type III (0.4 %).

At both time points the size categories 2 and 3 (\25 % and

25–50 %) were the most common. About three-quarters of

the MCs were located at the four lowest endplate levels

(two lowest disc levels L4/L5 and L5/S1).

How do type and size of MCs develop over time?

Type

Figure 2 shows the development of MC type from baseline

to 14-month follow-up. In 49 of the 794 endplates without

MC at baseline, new MCs appeared, while in 38 of the 260

Table 2 Baseline characteristics of the participants

Characteristics

Number enrolled 96

Sex [female N (%)] 66 (69)

Age [mean (±SD)] 46 (±9.2)

BMI [median (IQR)] 25 (23–28)

BMI distribution [N (%)]

Underweight \18.5 0 (0)

Normal range 18.5–24.9 46 (48)

Overweight 25–30 32 (33)

Obese [30 18 (19)

Smoking [Yes (%)] 38 (40)

Employed [Yes (%)] 71 (74)

Sick leave [Yes (%)] 37 (39)

Type of occupation [N (%)]

Sitting 18 (19)

Mostly walking 38 (40)

Walking and some lifting 21 (22)

Heavy work 19 (20)

Education [N (%)]

Basic school 8–10 grade 29 (30)

High school 4 (4)

Vocational education 40 (42)

Academic, max. 4 years 21 (22)

Academic, [4 years 2 (2)

Current LBP intensity (0–10) [mean (±SD)] 5.3 (±1.9)

Activity limitation (RMQ) [29] [mean (±SD)] 13 (±4.3)

Quality of life (EQ-5D) [5, 30, 31] [median (IQR)] 0.7 (0.6–0.8)

IQR interquartile range, SD standard deviation, BMI Body Mass

Index, LBP low back pain, RMQ Roland Morris Questionnaire, EQ-
5D EuroQol
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endplates with MCs at baseline, the MCs disappeared. In

all, 40 % of the endplates with MCs at baseline followed

the ‘developmental pathway’ where MCs are expected to

change from Type I to mixed Type I/II, Type II or Type II/

III and where mixed Type I/II change to Type II or Type II/

III. Of the 24 endplates with a Type III component, 7

stayed the same and 17 changed into another type without a

Type III component.

Size

Figure 3 shows the development of MC size from base-

line to 14-month follow-up. In general, the bigger the size

of the MC at baseline, the more likely it was that it

remained unchanged in size after 14 months. Small MCs

were more likely to have disappeared at follow-up than

the larger ones as none of the largest MCs (category 4)

Table 3 Baseline characteristics of MCs

Vertebral endplate No MC Type of MC (n) Size of MC (n)

Type I Type II Type III Mixed

I/II

Mixed

II/III

Mixed

I/III

EP only \25 % 25–50 % [50 %

L1 sup. 95 1 0 0 0 0 0 1 0 0 0

L1 inf. 94 0 0 0 1 0 1 0 1 0 1

L2 sup. 88 2 4 0 1 0 1 1 5 0 2

L2 inf. 87 4 4 0 0 0 1 2 4 1 2

L3 sup. 85 4 6 0 0 0 1 3 2 3 3

L3 inf. 82 6 5 0 1 1 1 3 7 1 3

L4 sup. 78 8 6 0 2 1 1 4 9 4 1

L4 inf. 64 10 18 0 4 0 0 7 6 9 10

L5 sup. 62 13 18 0 3 0 0 10 12 9 3

L5 inf. 27 28 16 0 16 7 2 2 23 26 18

S1 sup. 32 29 15 0 13 5 2 12 26 22 4

Total 794 105 92 0 41 14 10 45 95 75 47

Baseline distribution of the type and size of MCs allocated on 11 endplate levels from a total of 1,056 endplates from 96 patients with LBP and

MCs

sup. superior, inf. inferior, EP endplate

Table 4 Characteristics of MCs at 14-month follow-up

Vertebral endplate No MC Type of MC (n) Size of MC (n)

Type I Type II Type III Mixed

I/II

Mixed

II/III

Mixed

I/III

EP only \25 % 25–50 % [50 %

L1 sup. 94 1 1 0 0 0 0 1 1 0 0

L1 inf. 90 2 4 0 0 0 0 1 3 1 1

L2 sup. 90 3 3 0 0 0 0 2 2 1 1

L2 inf. 84 7 3 0 1 0 1 4 5 2 1

L3 sup. 79 9 5 0 2 0 1 8 6 0 3

L3 inf. 82 5 6 0 1 0 2 3 5 3 3

L4 sup. 78 8 6 0 1 0 3 9 5 1 3

L4 inf. 64 10 14 0 4 2 2 5 9 10 8

L5 sup. 62 14 14 1 2 2 1 10 12 9 3

L5 inf. 28 17 30 0 13 6 2 0 9 35 24

S1 sup. 36 20 26 0 10 3 1 3 27 26 4

Total 787 96 112 1 34 13 13 46 84 88 51

Follow-up distribution of the type and size of MCs allocated on 11 endplate levels from a total of 1,056 endplates from 96 patients with LBP and

MCs

sup. superior, inf. inferior, EP endplate
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had disappeared at follow-up compared with 45 % of the

smallest MCs (category 1).

Is development of MCs Type I associated with change

in LBP intensity?

Patients who had Type I at both baseline and 14-month

follow-up were less likely to have an improvement in their

LBP intensity as compared to patients who had some other

type of MCs at both time points (OR 9.4, CI 1.8–49)

(Table 5).

Is change in size of MCs Type I associated with change

in LBP intensity?

There was no association between the change in size of

MCs Type I and change in LBP intensity (OR 1.0, CI 0.4 to

2.4).

Fig. 2 The development of

MCs in relation to type in 1,056

endplates from 96 patients with

persistent LBP. The arrows
indicate the change of MCs (%)

from baseline to 14-month

follow-up

Fig. 3 The development of

MCs in relation to size in 1,056

endplates from 96 patients with

persistent LBP. The arrows
indicate the change of MCs (%)

from baseline to 14-month

follow-up
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Discussion

The main results of this study are that after 14 months (1)

40 % of the endplates with MCs had followed the ‘devel-

opmental pathway’, (2) patients with MCs Type I both at

baseline and follow-up had a poor prognosis, and (3)

change in the size of MC Type I from baseline to follow-up

was not associated with change in pain intensity.

Prevalence of type and size

In the current study, the prevalence of MCs Type I at

baseline was 41 and 36 % at follow-up. From other studies

we found the prevalence of Type I in clinical populations

ranged from 0 to 52 % [1, 2, 4, 13, 16, 18, 21, 22, 26]. This

high variation in prevalence is probably due to methodo-

logical differences between the studies.

The prevalence of size of MCs in our population cannot

be compared with the results from other studies of clinical

populations [2, 18]. As described in the ‘‘Method’’ above,

we only included patients with a minimum of one MC that

extended beyond the endplate into the vertebral body

(category 2, 3 and 4 in Fig. 1) and as a result, report an

artificially low prevalence (17 %) of MCs located at the

endplate only (category 1).

Development in type and size

In the current study, approximately 20 % of both Type I

and Type II changes had disappeared completely at fol-

low-up indicating that the presence of MCs is not nec-

essarily permanent. However, our finding that all types of

MCs observed could change into almost any other type is

inconsistent with the ‘developmental pathway’ which

suggests that MCs progress from Type I to mixed Type

I/II or to Type II and that all types represent different

stages of the same pathological process [3, 23, 25, 26].

Less than half of the endplates that displayed MCs Type I

or Type I/II followed the suggested pattern of change

over the 14-month follow-up period. Further, the sizes of

the large MCs were likely to remain unchanged at the

14-month follow-up which supports a finding reported by

others [9].

Of the 24 endplates with a Type III component (mixed

Type I/III and II/III), 71 % changed into another type

without a Type III component. This is surprising because

Type III has been described as advanced sclerosis of the

bone marrow [24, 25] and therefore considered irreversible.

One possible explanation is that the Type III component is

still present but ‘masked’ by the other type present in the

mixed type. Supporting this explanation, Kuisma et al. [17]

found that all types of MCs could show sclerotic changes

when examined by computed tomography (CT), and that

especially the mixed types and Type II were associated

with sclerosis on CT.

The large MCs were unlikely to have changed size at the

14-month follow-up which supports a finding, previously

reported by others [9]. Therefore, the large MCs could

seem to indicate a poor prognosis because they do not get

smaller or disappear. However, we did not find a cross-

sectional association between large MCs and pain intensity

at baseline and there was also no association between the

change in size of MCs Type I and the change in LBP

intensity from baseline to 14-month follow-up and there-

fore this finding may be clinically irrelevant.

Is development of MCs Type I associated with change

in LBP intensity?

We found no cross-sectional association between the

presence of MCs Type I and LBP intensity at baseline.

However, when investigating the prospective aspect from

baseline to 14-month follow-up, we found an association

between persistent Type I changes (i.e. Type I at both

baseline and follow-up) and lack of improvement in LBP

intensity. Approximately three out of four patients with

MCs Type I at baseline continued to have Type I after

14 months and the clinical implication is that these patients

have a poor prognosis compared with patients without

Type I changes at both time points. In contrast to this

finding, 80 % (n = 8) of patients who had no MCs Type I

at baseline but had developed Type I at the 14-month

Table 5 Association between the presence of MCs Type I and lack of improvement in LBP intensity

Presence of MCs Type I Worsening of LBP intensity n (%) Association

Baseline 14-months No Yes OR (CI) p

No No 10 (83) 2 (17) 1

No Yes 8 (80) 2 (20) 1.3 (0.1–11) 0.8

Yes No 10 (53) 9 (47) 5.3 (0.9–32) 0.07

Yes Yes 21 (38) 34 (62) 9.4 (1.8–48) 0.008

The association between the presence of MCs Type I at baseline and 14-month follow-up and the lack of improvement in LBP intensity. No MC

Type I present at both time points is used as reference and a positive odds ratio (OR) represents the odds of no improvement
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follow-up had improvement in pain at follow-up. However,

the finding is not considered reliable as it was not statis-

tically significant (p = 0.8).

Strengths and weaknesses

The current study is based on the assumption that MCs

could be the single cause of pain in some LBP patients.

However, MCs are often found along with other MRI

findings (i.e. degeneration, bulges, herniations, etc.) that

could also cause LBP. Although patients in this study

were excluded if they had a competing somatic disease

such as disc herniation with symptomatic root compres-

sion, it is still very likely that their pain could arise from

another pathological finding, or a combination of patho-

logical findings. However, a study from the general

population showed that the clinical profile of people with

both disc degeneration and MCs was more pronounced

than those with only disc degeneration suggesting that

MCs are the crucial element in relation to LBP and

clinical findings [14]. Also, the pain perception could be

affected by psychosocial aspects that are not investigated

in this study.

From a positive perspective, the patient cohort used in

the current study is very homogeneous according to the

inclusion criteria. Also, the MRI evaluation protocol that

was used has been reported to be highly reproducible

making the results trustworthy. Finally, the drop-out rate

was very low (4 %) which has helped minimise bias in

relation to the longitudinal analyses.

Further research should involve a greater number of

participants to be able to include other MRI findings as

well as bio-psychosocial variables. However, longitudinal

cohort studies (such as RCTs) are very costly. Therefore, a

compromise could be that further research in this area

focus on large patient databases systematically collecting

data in clinical practice to be able to achieve a sufficient

number of patients to do analyses like this.

Conclusions

About 40 % of the endplates with MCs had followed the

‘developmental pathway’ after 14 months, patients with

MCs Type I both at baseline and follow-up had a poor

prognosis compared to those without MCs Type I at the

two time points, and change in the size of MC Type I from

baseline to follow-up was not associated with change in

pain intensity.
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