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Top down or bottom up? An observational
investigation of improvement in fibromyalgia
symptoms following hip and knee replacement
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Abstract

Objectives. Many patients with osteoarthritis have comorbid symptoms of FM, but it is unknown how these symptoms

respond to surgical procedures that address nociceptive input in the periphery, such as total joint replacement. Here we

explore differences in clinical characteristics between patients whose FM symptoms do and do not improve following

total hip or knee replacement.

Methods. Participants were 150 patients undergoing knee or hip replacement who had a minimum FM survey score of

4 or greater prior to surgery. The top tertile of patients experiencing the most improvement in FM symptoms at month 6

were categorized as ‘Improve’ (n = 48) while the bottom two tertiles were categorized as ‘Worsen/Same’ (n = 102).

Baseline symptom characteristics were compared between groups, as well as improvement in overall pain severity,

surgical pain severity and physical function at 6 months.

Results. The Worsen/Same group had higher levels of fatigue, depression and surgical site pain at baseline (all

P< 0.05). Additionally, they improved less on overall pain severity and physical functioning 6 months after surgery

(both P< 0.05).

Conclusion. Most patients derive significant benefit in improvement of comorbid FM symptoms following total joint

replacement, but a substantial proportion do not. Understanding the neurobiological basis for these different trajectories

may help inform clinical judgment and improve patient care.
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Rheumatology key messages

. Most patients with osteoarthritis experience substantial improvement in comorbid fibromyalgia symptoms after
total joint replacement.

. A minority of patients with osteoarthritis regress to pre-surgical levels of fibromyalgia symptoms by month 6.

. Osteoarthritis patients who show less benefit have higher levels of fatigue and depression before the procedure.

Introduction

It is now widely accepted that the symptoms used to define

FM, such as widespread pain, fatigue and cognitive

dysfunction, are present to some degree in all rheumatic

disorders and chronic pain conditions [1]. The level of these

symptoms, or the degree of FM symptoms an individual

possesses are hypothesized to be associated with aberrant

central nervous system mechanisms. This hypothesis is

supported by imaging techniques designed to explore the

brain’s structure, function and neurochemical features

[2�4]. It was recently demonstrated that the degree of FM

symptoms (measured on a continuum via the 2011 FM

Survey Criteria [5]) in RA correlates with increased connect-

ivity between the insula and Default Mode Network of the

brain [6], replicating one of the most salient neurobiological

findings in clinical FM populations [7]. These central differ-

ences may be why the degree of FM symptoms a patient
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has prior to surgery is a strong predictor of post-surgical

outcomes such as the likelihood of improvement in pain

and need for analgesics [8�11].

It has been hypothesized that comorbid FM symptoms

in other rheumatological conditions may arise through two

relatively distinct pathways: ‘bottom up’ and ‘top down’

mechanisms of central sensitization [12]. ‘Top down’

mechanisms of central sensitization refer to pain amplifi-

cation that exists independent of peripheral inflammation

and other nociceptive input. This concept is supported by

the frequent disagreement between the degree of damage

or inflammation in the joint and the severity of symptoms

reported by the patient [13]. These ‘top down’ mechan-

isms are believed to be familial and to disproportionately

affect females [14, 15]. In an OA patient whose comorbid

FM symptoms are driven primarily by ‘top down’ mech-

anisms, surgery should have limited benefit for pain out-

side the surgical site.

Conversely, in some patients, peripheral sources of noci-

ceptive input such as joint inflammation and damage sen-

sitize the CNS to pain in a ‘bottom up’ fashion. According

to this view, chronic injury and/or inflammation, such as

that due to OA, drives central nervous system sensitization,

resulting in comorbid FM symptoms. Woolf originally

advanced the term ‘central sensitization’ to describe this

process when spinal and brain mechanisms promote pain

at sites distal from the primary injury, damage or inflamma-

tion, a phenomenon well established in animal models [13].

In a patient where comorbid FM symptoms are being

driven by chronic nociceptive input in the knee or hip,

arthroplasty should improve these symptoms by reducing

the source of central sensitization. In fact, a reduction in

global pain sensitivity does seem to occur in a subset of

individuals receiving lower extremity arthroplasty [14].

Examining how comorbid FM symptoms change after

lower extremity arthroplasty, where the primary source of

nociceptive input is removed, allows for a natural experi-

ment to identify phenotypes consistent with ‘bottom up’

vs ‘top down’ mechanisms. Using a cohort of OA patients

undergoing hip and knee arthroplasty, we sought to identify

different patterns of how FM symptoms change following

the procedure, as well as the baseline characteristics asso-

ciated with these patterns. We also sought to determine

whether there were marked differences in the temporal pat-

tern of these changes, and if these patterns were asso-

ciated with different clinical outcomes following surgery.

Methods

Sample

The eligible pool of participants were 453 individuals

undergoing either knee or hip replacement surgery at

Michigan Medicine. These patients were recruited be-

tween April 2015 and November 2016. The current study

was approved by the University of Michigan Institutional

Review Board and all participants provided informed con-

sent. Of these, 107 were using opioid medications prior to

surgery, which may influence the comorbid symptoms of

interest from the 2011 Fibromyalgia Survey Criteria, and

were therefore excluded from further analyses. A compari-

son of symptoms between patients taking/not taking opi-

oids at baseline is shown in Supplementary Table S1,

available at Rheumatology online. Analyses were re-

stricted to participants showing at least moderate levels

of comorbid symptoms prior to surgery as indicated by a

4 or greater on the 2011 criteria; participants with scores

below 4, the sample median of patients not taking opioids

at baseline, were excluded. Of the remaining 201 partici-

pants, 51 did not have data available at the follow-up visit

(month 6) and were also excluded. This resulted in a final

sample of 150 participants. Demographic information is

shown in Table 1.

Measures

The 2011 survey criteria for FM was used to assess wide-

spread body pain and comorbid symptoms [5]. The 2011

criteria contain 19 areas that can be indicated as painful,

and several questions about constitutional symptoms

such as fatigue, cognitive difficulties and unrefreshing

sleep. These aspects of the centralized pain spectrum

can be analysed separately as the Widespread Pain

Index (WPI) and Symptom Severity Index (SSI). The SSI

serves as an index of somatic and constitutional symp-

toms that are frequently present in FM. A more detailed

body map (the Michigan Body Map; MBM [15]) containing

35 sites was administered that includes all the WPI sites,

allowing us to calculate the WPI. A non-surgical site pain

index was created by removing the bilateral surgical sites

from the respective cohorts (hips from the hip cohort,

knees from the knee cohort)—this allows us to examine

the impact of the procedure on pain outside the surgical

site. Overall pain severity, and surgical site pain severity,

was measured by the Brief Pain Inventory [16]. The

Patient-Reported Outcomes Measurement Information

System-Short Forms (PROMIS�-SF) were used to

measure depression, anxiety, fatigue, sleep disturbance

and physical function [17]. Six questions from the

catastrophizing subscale from the Coping Strategies

Questionnaire were used to measure catastrophic cogni-

tive appraisal of pain [18]. Primary outcomes for baseline

analyses were FM survey criteria (WPI and SSI), depres-

sion, fatigue and sleep disturbance. For longitudinal ana-

lyses the primary outcomes were change scores in

physical function, overall pain severity and surgical site

pain severity. Age, sex and surgical cohort were examined

as potential confounding variables.

Group definitions

To identify groups that showed different patterns of

comorbid symptom change after surgery, we first calcu-

lated a simple change score between baseline and month

6 for the 2011 FM survey criteria. We then regressed this

change score on the baseline survey score to account for

regression to the mean type effects. The resulting re-

siduals were divided into three tertiles by rank values.

We compared the proportion of each group who achieved

at least a 30% reduction in FM symptoms by month 6

using the �2 test, or Fisher’s exact test when expected
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counts are <5, with correction for multiple comparisons.

We subsequently combined the top two tertiles into one

group (n = 102), ‘Improve’, for comparison to the bottom

tertile, ‘Worsen/Same’.

Statistical analyses

Baseline comparisons

Improve vs Worsen/Same comparisons were made on

continuous outcomes by Student’s t-test and categorical

outcomes by �2 statistic. Primary outcomes for baseline

analyses were FM survey criteria (overall, WPI and SSI),

depression, fatigue and sleep disturbance. Additionally,

anxiety, MBM non-surgical sites, non-surgical and surgi-

cal pain severity, and age were compared between

groups. Surgical site (hip vs knee) and gender were cat-

egorical outcomes. We also compared those patients who

were included in the study (with available 6-month data;

n = 150) with those who were lost to follow-up (n = 48), on

age, gender, surgical site and baseline levels of FM

symptoms.

Longitudinal analyses

Trajectory of change

The trajectory of change in total 2011 FM survey scores,

MBM non-surgical site pain (e.g. not surgical hip or knee)

and SSI scores was examined in mixed-effect models,

with random subject-specific intercept and time effects,

using restricted estimation of maximum likelihood. Both

linear and quadratic effects of time were modelled and

the primary outcomes of interest were grouped by time

interaction terms.

Improvement in non-surgical pain and physical function

Primary outcomes were change scores in Brief Pain

Inventory overall pain severity and PROMIS physical

function measures (pre-surgery—month 6 scores). These

change scores were then compared between groups in

general linear models controlling for baseline scores, par-

ticipant age and surgical group.

Surgical-site pain after surgery

The primary outcome of surgical pain (yes/no) was com-

pared between groups at each post-surgical time point,

week 2, month 1, month 3 and month 6, by �2 test.

Results

Group definitions

A very small proportion of those patients in the lowest

tertile of FM improvement achieved a 30% reduction in

FM symptoms (6.3%). Conversely, 89% of those in the

middle tertile and 100% of those in the top tertile achieved

30% improvement. The difference between low and

middle tertiles was significant (�2 = 68.5; P < 0.001) as

was the difference between low and high tertiles (�2 =

85.7; P<0.001). However, there was no statistically signifi-

cant difference in the proportion of those showing 30%

improvement between the middle and high tertiles

(Fisher’s exact test adjusted P = 0.08). These top two

tertiles were subsequently combined, as mentioned

above.

Baseline comparison

Age, gender and surgical cohort did not differ significantly

between the groups (all P > 0.13; see Table 1). Similarly,

there were no significant pre-surgical group differences on

painful body sites measured by the WPI or non-surgical

sites on the MBM, the SSI, sleep disturbance, physical

function, pain catastrophizing or overall pain severity (all

P>0.10). Conversely, total FM survey scores (P=0.045),

fatigue (P=0.014), depression (P=0.003) and surgical site

TABLE 1 Demographic and symptom information at baseline for Worsen/Same and Improve groups

Worsen/Same (n = 48) Improve (n = 102)
t df P

Mean (95% CI) S.D. Mean (95% CI) S.D.

Age, years 61.75 (58.98, 64.52) 9.54 63.61 (61.58, 65.63) 10.31 �1.054 148 0.294

Widespread Pain Index (0�19) 2.75 (2.18, 3.32) 1.95 2.40 (2.06, 2.74) 1.74 1.100 148 0.273

Michigan Body Map non-surgical sites 3.83 (2.89, 4.78) 3.26 3.66 (3.08, 4.23) 2.93 0.332 148 0.741
Symptom Severity Index 4.92 (4.32, 5.52) 2.07 4.33 (3.94, 4.73) 2.03 1.633 148 0.105

FM survey score 7.67 (6.82, 8.51) 2.93 6.74 (6.25, 7.22) 2.49 2.020 148 0.045

Fatigue 11.88 (10.97, 12.78) 3.11 10.36 (9.65, 11.07) 3.61 2.499 148 0.014

Depression 6.96 (6.07, 7.84) 2.99 5.57 (5.11, 6.04) 2.37 3.013 145 0.003
Sleep disturbance 26.91 (25.04, 28.79) 6.39 26.45 (25.14, 27.76) 6.57 0.399 144 0.690

Physical function 13.98 (13.04, 14.92) 3.25 13.09 (12.45, 13.73) 3.23 1.571 147 0.118

Pain catastrophizing 5.46 (3.62, 7.30) 6.19 4.00 (3.07, 4.93) 4.68 1.571 144 0.118

Brief pain inventory pain severity (overall) 4.85 (4.13, 5.58) 2.49 4.72 (4.19, 5.25) 2.70 0.290 148 0.772
Pain severity (surgical site) 6.90 (6.39, 7.40) 1.75 6.23 (5.88, 6.58) 1.76 2.162 148 0.032

Frequency (%) Frequency (%) �2 P

FM positive 2 (4) 3 (3) 0.152 0.655a

Gender (female) 33 (69) 59 (58) 1.637 1 0.201

Surgical cohort (knee) 25 (52) 40 (39) 2.20 1 0.138

aFisher’s exact test. DF: degrees of freedom.
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pain severity (P=0.032) were elevated in the Worsen/Same

group compared with those who improved (see Table 1

for means and S.D. by group for each measure).

Those patients who did not have complete 6-month

data were younger than those who did (mean loss to

follow-up=56.02; S.D. =14.33; 95% CI: 51.86, 60.18;

mean included=63.01; S.D. = 10.08; 95% CI: 61.39,

64.64; P<0.001). There were no significant differences in

baseline FM symptoms (mean loss to follow-up=7.29;

S.D. = 2.86; 95% CI: 6.46, 8.12; mean included = 7.03;

S.D. = 2.66; 95% CI: 6.60, 7.46; P = 0.57). There were no

differences in the proportion of each group having hip re-

placement (loss to follow-up=47.9%; included=56.7%;

P=0.29) or in the proportion of female patients (loss to

follow-up=56.3%; included=61.3%; P=0.53).

Longitudinal analyses

Trajectory of change

The effect of time on total FM scores differed substantially

by group (time by group interaction, P<0.001). The

change over time in MBM non-surgical pain sites

(excluding the hip or knee) and SSI scores also differed

by group (time by group interaction, both P<0.001) indi-

cating that both comorbid pain and constitutional symp-

toms contribute to the different trajectories in total score

improvement (see Fig. 1 for group trajectories and change

in pain distribution over time). In both groups, improve-

ment occurred at the 1-month time point, but by month 3

the Worsen/Same group showed substantial regression in

their symptoms, such that by month 6 they had returned

to pre-surgical levels of FM symptoms. Conversely, the

Improve group continued to show benefits at month 3

and through month 6. These non-linear patterns are re-

flected in the greater deviation from linear change seen in

the Worsen/Same group for total FM survey and SSI

scores (quadratic effect of time by group interaction,

both P<0.05). All model output is shown in Table 2.

MBM non-surgical pain and SSI trajectories are shown

in Supplementary Fig. S1, available at Rheumatology

online.

Improvement in non-surgical pain and physical function

Participants in the Worsen/Same group showed signifi-

cantly lower levels of improvement in overall pain severity

at month 6, after controlling for baseline symptom levels,

age and surgical site (P = 0.004). The estimated improve-

ment in overall pain severity for the Improve group was

2.25 points (95% CI: 1.84, 2.65; S.E. = 0.20) or 48% of pre-

surgical levels, vs 1.21 points (95% CI: 0.63, 1.79;

S.E.=0.29) or 25% or pre-surgical levels for the Worsen/

Same group. Similarly, the Worsen/Same group showed

significantly less improvement in physical function

(P=0.021). The estimated improvement in physical func-

tion for the Improve group was 5.66 (95% CI: 2.95, 5.17;

S.E. = 0.39) or 43% of pre-surgical levels, vs 4.06 (95% CI:

4.89, 6.43; S.E.=0.56) or 29% of pre-surgical levels for the

Worsen/Same group. In analyses where patients still

taking opioid medications after month 1 were removed

[Worsen/Same n = 6 (12.5%), Improve n = 4 (3.9%)], the

results were similar (data not shown).

Improvement in surgical-site pain

At month 6, there was no difference in the percentage

of participants reporting no surgical-site pain (yes/no)

between the two groups [Improve=74%, Worsen/

Same=69%, �2=0.37; degrees of freedom (df) = 1,

P=0.54]. Conversely, at week 2 (Improve=27%, Worsen/

Same=9%, �2=5.92; df = 1, P=0.015), month 1

(Improve=43%, Worsen/Same=13%, �2=12.99; df = 1,

P<0.001), and month 3 (Improve=73%, Worsen/

Same=54%, �2=4.71; df = 1, P=0.030), a smaller propor-

tion of participants in the Worsen/Same group reported

being pain free at the surgical site (see Fig. 2).

Discussion

These analyses show that the trajectory of change in FM

symptoms after joint replacement surgery follows distinct

patterns. In most patients, significant improvement in FM

symptoms, including multifocal pain and constitutional

symptoms, occurs rapidly (i.e. 1 month) and is main-

tained through 6 months following the procedure. The

observed improvement in both constitutional symptoms

and widespread pain is important as it indicates that this

phenomenon is not simply due to improved referred pain

or biomechanics following the procedure. Conversely,

approximately one-third of patients demonstrate a rela-

tively modest improvement in these symptoms at

1 month, followed by a reversion to pre-surgical levels

by month 6, despite improvement in pain at the surgical

site. This means that for a subset of OA patients, no long-

term benefit for comorbid highly burdensome symptoms

like multifocal pain, fatigue and sleep disruption can be

expected, as neither non-surgical site pain or constitu-

tional symptoms improved for the vast majority of this

subgroup. These different effects are not due to pre-sur-

gical levels of comorbid FM symptoms, which were con-

trolled for in our analyses. These phenotypes are

consistent with divergent mechanisms in how comorbid

symptoms are generated. In a recent series of reviews

exploring the neurobiological evidence for central sensi-

tization, Woolf and others advanced two hypothetical

subtypes: ‘bottom-up’ and ‘top-down’ central sensitiza-

tion [12, 19]. For most patients, with what can be called

‘bottom-up’ sensitization, the removal of the primary

nociceptive generator reduces FM symptoms, perhaps

by attenuating central sensitization. For a substantial mi-

nority of patients—the ‘top-down’ phenotype—the pro-

cedure has no long-term benefit for comorbid FM

symptoms. Clearly, these novel distinctions need to be

explored further, but in our view they provide a helpful

framework for exploring the variability in how OA patients

respond to total joint replacement.

There are several important implications of these find-

ings both for the mechanistic understanding of central

sensitization in patients undergoing joint replacement pro-

cedures and for their clinical care. These findings are fore-

shadowed to some degree by the neglected concepts of
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primary and secondary FM [20, 21]. In a majority of pa-

tients, comorbid FM symptoms respond favourably to sur-

gery, suggesting that these symptoms were driven or

maintained by nociceptive input in the affected joint.

This finding is supported by a previous study indicating

that successful OA surgery results in substantial improve-

ment of responses to experimental pain measures outside

the surgical site; patients whose surgery eliminated their

pain showed a more normal inhibitory response to evoked

pain than they did prior to surgery [14]. Animal models

have demonstrated convincingly that regional and even

widespread hyperalgesia follow localized chronic injury

or inflammation such as sciatic constriction or repeated

formalin injections—an analogue to ‘bottom-up’ sensitiza-

tion [22]—and we have recently shown that peripheral in-

flammation is associated with profound changes in brain

function in RA that promote core symptoms of FM [23].

Together these findings suggest that bottom-up mechan-

isms are important in rheumatic diseases.

Comparing the locations of pain improvement/non-im-

provement following surgery shows that in the Improve

group, the largest effects are seen the lower body con-

tiguous with or near the site of surgery, with some add-

itional benefits for back pain. Conversely, the Worsen/

Same group of patients do not show these effects.

These patients showed modest improvement in the

lower body, and an overall pattern of worsening in the

upper extremities. This is consistent with some animal

models of FM in which removal of nociceptive input in

the periphery has no effect on global hyperalgesia once

the animal becomes centrally sensitized [24].

Patients in the Worsen/Same group showed worsening

of comorbid symptoms at the same time that surgical-site

pain seemed to resolve, in contrast with those in the

Improve group whose comorbid symptoms and surgical-

site pain improved in tandem. Surgical site pain seemed

to persist for longer in a larger proportion of patients in the

Worsen/Same group. This suggests that the distinction

between peripherally driven central-sensitization and cen-

trally maintained central-sensitization is in fact an import-

ant one.

The Worsen/Same group of patients showed substan-

tially less improvement in both overall pain severity and

functional disability 6 months after the procedure. This

may simply reflect the fact that their comorbid symptoms

have not improved, despite comparable levels of surgical-

site improvement to the Improve group. Nonetheless,

these metrics represent important benchmarks for im-

provement following joint replacement. Because surgical

site pain improved equally in the two groups, it could fairly

be said that a good deal of the overall improvement

observed in the Improve group is due to improvement in

comorbid symptoms (e.g. fatigue, trouble thinking/re-

membering), rather than surgical site pain. Clinically, this

means that monitoring improvement in symptoms outside

the surgical site is important, and should be done in

tandem with questions about the severity of pain in the

surgical area. It is also critical to monitor these symptoms

FIG. 1 Smoothed group trajectories of the 2011 FM survey score following surgery

Individual trajectories are shown in light grey. Colours on the body map correspond to percentage changes in each group

showing improvement in each region. Regions are adapted from the regional pain definitions of the 2016 Fibromyalgia

Survey criteria. Shaded regions show 95% CIs.
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TABLE 2 Fixed effects for models of change in FM total scores, non-surgical pain, and Symptom Severity Index

Variable Estimate S.E. df t P

FM total scores

Intercept 5.997 1.055 173.4 5.685 <0.001

Time �0.016 0.141 369.5 �0.114 0.910

Time2 1.071 0.159 426.5 6.756 <0.001
Age �0.011 0.016 147 �0.675 0.501

Surgical cohort (hip) �0.250 0.317 148 �0.787 0.432

Group (improve) �0.018 0.514 239 �0.034 0.973

Time�Group �1.432 0.170 369.1 �8.402 <0.001
Time2

�Group �0.394 0.192 426.1 �2.059 0.040

Non-surgical site pain

Intercept 3.283 0.993 179.1 3.306 0.001
Time �0.065 0.171 149.3 �0.377 0.706

Time2 0.547 0.159 280.96 3.442 0.001

Age �0.017 0.014 145.51 �1.177 0.241

Surgical cohort (hip) 0.586 0.296 146.59 1.983 0.049
Group (improve) �0.195 0.513 225 �0.381 0.704

Time�Group �0.810 0.207 149.02 �3.908 <0.001

Time2
�Group �0.008 0.192 280.54 �0.044 0.965

Symptom Severity Index
Intercept 3.881 0.818 169.1 4.746 <0.001

Time 0.149 0.101 385.4 1.468 0.143

Time2 0.699 0.114 427.6 6.109 <0.001
Age �0.004 0.012 146.4 �0.328 0.743

Surgical cohort (hip) �0.571 0.248 147.3 �2.307 0.022

Group (Improve) 0.284 0.383 234.5 0.743 0.458

Time�Group �1.035 0.123 385.1 �8.441 <0.001
Time2

�Group �0.369 0.138 427.3 �2.671 0.008

The quadratic time variable was centred. DF: degrees of freedom.

FIG. 2 Smoothed trajectories showing the probability of surgical pain from pre-surgery to month 6

Significant differences at week 2, month 1 and month 3 are shown with P values. Individual data points are shown as

triangles. Shaded regions show 95% CIs.
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beyond the first month post-operatively, as both groups

appeared to improve at 1 month, a time when substantial

numbers of patients in both groups were still using nar-

cotic analgesics. Furthermore, the difference between pa-

tient groups in those reporting surgical site pain was no

longer apparent at 6 months, this suggests that longer (i.e.

at least 6 months) follow-up may be necessary to identify

patients who failed to respond to the procedure in terms

of surgical site pain.

These findings raise the critical question of how patient

phenotypes might be distinguished prior to surgery. Our

analyses were designed to control for pre-surgical levels

of FM symptoms, so that the trajectory of improvement

could be isolated from regression to the mean type ef-

fects. Nonetheless, pre-surgical symptom levels revealed

higher levels of fatigue, depression and surgical site pain

severity in the Worsen/Same group. These differences

were modest and do not appear to lend themselves to

forming reliable cut-offs (effect sizes range from 0.35 to

0.51).

There are many ways in which these two different sub-

sets of arthroplasty patients might be better differentiated

prior to surgery that we did not measure in this study. For

example, individuals with a ‘top-down’ form of FM that is

most commonly studied in mechanistic studies have high

rates of co-morbid chronic overlapping pain conditions

that typically present earlier in life [25, 26]. Individuals

with FM similarly have been repeatedly shown to have

much higher rates of mood disorders [27], again support-

ive of a primary brain mechanism, rather than a peripher-

ally driven phenomenon. We and others have also shown

that individuals with the primary form of FM that occurs

without obvious evidence of ongoing nociceptive input not

only display evidence of pain sensitivity, but are also

much more sensitive to the intensity and unpleasantness

of other sensory modalities, such as light and sound, and

that this is a critical feature that can correctly classify in-

dividuals with FM vs those without in functional neuroima-

ging studies [28�31].

These findings point to the further need for mechanistic

studies that explore the neurobiological substrates of pa-

tients who show these different trajectories in improve-

ment following conventional peripherally directed

treatments. The clinical impact of better understanding

these two subsets is obvious, since the bottom-up

subset should benefit from aggressive use of peripherally

directed therapies, including not only appropriate surgery

or injections, but also the use of drugs such as the nerve

growth factor antibodies that may soon become available

and might be able to eliminate ongoing nociceptive input

better than any currently available therapies [32, 33].

Limitations

We chose our cut-off for inclusion (minimum score of 4)

using the distribution of the FM scores in the sample; this

decision was still somewhat arbitrary as there are no sub-

clinical cut-offs on the FM survey instrument to define

moderate symptoms. Additionally, the loss of �25% of

the patient sample at 6 months represents a potential

source of bias. While included patients did not differ on

baseline FM symptoms, they were older on average than

those lost to follow-up, and therefore these patterns will

need to be confirmed in younger patients. No information

was collected about the duration of symptoms for either OA

or FM, and consequently we cannot define secondary FM

in the current sample. The group definitions used here were

derived retrospectively and led to differences in subgroup

sizes. Future studies may employ a matched design.

Patients undergoing knee and hip replacement show

distinct trajectories in how FM symptoms improve, or do

not improve, after the procedure. Improvement in comor-

bid FM symptoms appears to occur in a substantial

number of patients undergoing arthroplasty. These tra-

jectories are related to the overall impact of the proced-

ure on measures of pain and disability after 6 months.

These differences are not readily apparent in symptom

phenotyping performed prior to the procedure, but may

be revealed through mechanistic phenotyping using neu-

roimaging and quantitative sensory testing. Future stu-

dies will determine whether and how these patterns hold

in other surgical cohorts with high levels of comorbid FM

symptoms.
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An unusual cause of deforming erosive arthritis in
an adult

A 26-year-old man presented with deforming polyarthri-

tis, stunted growth and progressive diminution of vision

since 5 years of age. His illness started with fever, arth-

ritis and generalized maculopapular rash. The fever

and rash subsided; however, arthritis persisted. He

also had recurrent episodes of painful red eyes. Family

history was unremarkable. Examination revealed

ichthyosiform rash, boggy synovitis and camptodactyly

(Fig. 1A). Bilateral chronic anterior uveitis and second-

ary cataract were noted. ESR and CRP were elevated.

Radiographs showed peri-articular osteopenia with

erosions, ankylosis and collapse in bilateral wrist,

elbow, knees and ankle joints (Fig. 1C and D). A diag-

nosis of Blau’s syndrome was confirmed when genetic

analysis revealed a CARD15/NOD2 (p.R334W) mutation

(Fig. 1B). He was started on methotrexate, corticoster-

oids and naproxen with mild symptomatic improvement.

Blau syndrome (familial or sporadic) or early onset sar-

coidosis is a monogenic autoinflammatory syndrome due

to mutation in the CARD15/NOD2 gene. The majority of

patients present before 5 years of age with a triad of

dermatitis, arthritis and uveitis [1]. Arthritis in Blau syn-

drome predominantly is polyarticular affecting wrist,

knee, ankle and PIP. The radiographic findings in this

disease are described mostly as dysplastic changes

(camptodactyly, carpal dysplasia with carpal crowding,

biconcave radius and plump distal ulna). Erosions are

rarely reported [2]. It is usually considered dysplastic

more than erosive, but our patient had both dysplastic

and erosive disease highlighting variable disease course

if untreated.
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FIG. 1 Deforming erosive arthritis in an adult with Blau’s

syndrome

(A) Photograph showing boggy swelling of wrist (white

arrows) and elbow. (B) Sequencing showing heterozygous

mutation in Exon-4a. (C) Radiographs of the wrist and

elbow show ankylosis (arrowhead), periarticular osteope-

nia and carpal erosions (white arrows). (D) Radiographs of

ankle and foot showing osteopenia, subluxation of first

MTP and erosions over first metatarsal joint.
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