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Abstract
Context:  Pain is a major symptom in adults with fibrous dysplasia/McCune-Albright syndrome (FD/MAS) and response to current treatments, 
including bisphosphonates and standard analgesics (nonsteroidal anti-inflammatory drugs and opiates) is unpredictable. No studies have ex-
plored whether the type of pain is variable in this patient group.
Objective: To determine the frequency of neuropathic-like pain in patients with FD/MAS.
Design:  Retrospective, dual registry study.
Setting:  Community.
Patients:  FD/MAS online registries: the US-based Familial Dysautonomia Foundation (FDF) and the UK-based Rare and Undiagnosed Diseases 
(RUDY) study.
Intervention:  Subjects completed questionnaires to evaluate the presence of features of neuropathic-like pain (painDETECT) and the impact 
on sleep quality (Pittsburgh Sleep Quality Index) and mental health (Hospital Anxiety and Depression Scale). Descriptive statistics were used to 
characterize the prevalence and associated burden of neuropathic-like pain.
Main Outcome Measures:  Incidence of neuropathic, nociceptive, and unclear pain.
Results:  Of 249 participants, one third experienced neuropathic-like pain. This group had statistically significantly (P < 0.001) worse mental 
well-being and sleep in comparison to those with predominately nociceptive pain.
Conclusions:  Neuropathic-like pain is common in patients with FD/MAS and associated with worse quality of life. Evaluation of pain in patients 
with FD/MAS should include assessment of neuropathic-like pain to guide personalized approaches to treatment and inform future research.
Key Words:  fibrous dysplasia, McCune-Albright syndrome, neuropathic-like pain, nociceptive pain, quality of life, mental health

Fibrous dysplasia/McCune-Albright Syndrome (FD/MAS) is 
a rare disease resulting from somatic gain-of-function GNAS 
mutations (1), which contributes to constitutive activation of 
G-protein coupled receptors. Within bone, this activation pre-
vents differentiation of osteoprogenitors, resulting in the re-
placement of bone and marrow with expansile fibrotic tissue.
These lesions can occur in 1 location (monostotic FD) or affect 
multiple bones (polyostotic FD) (2). Patients can experience
fractures, deformity, pain, and disability due to these lesions.
MAS occurs when there is additional extraskeletal involve-
ment, typically skin hyperpigmentation and hyperfunctioning
endocrinopathies (3). Prior reports have shown that up to
80% of adults with FD/MAS experience pain (4), and the
responses to treatments (bisphosphonates, denosumab,

nonsteroidal anti-inflammatory drugs, and opiates) are vari-
able and often suboptimal (5). A randomized control trial of 
high-dose oral alendronate did not reduce pain (6).

The mechanisms underlying pain in FD have not been clari-
fied. Pain severity does not correlate to skeletal disease burden 
or bone biomarkers (7-9). The contribution of nociceptive vs 
neuropathic-like pain has not been determined in FD/MAS, 
and it is unknown whether differences in pain type might ex-
plain the variable response to the standard treatments typ-
ically given for nociceptive pain. However, GNAS mutation 
bearing skeletal progenitor cells have been shown to secrete 
interleukin-6 (IL-6), and it has been shown in other disorders 
that IL-6 is associated with neuropathic and other pain states 
(5, 10-12). The aim of this study was therefore to describe the 
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prevalence and associated impact of neuropathic-like pain in 
FD/MAS on quality of life.

Materials and Methods
Data Source
Participant data came from 2 community-based registries: 
the Fibrous Dysplasia Foundation (FDF) FD/MAS Patient 
Registry and the UK-based Rare Undiagnosed Diseases Study 
(RUDY) (13). Both registries are web-based with participants 
directly entering data. The FDF is accessed by patients through 
the FDF website (https://www.fdmasregistry.org/) and pro-
moted via newsletters and social media to patients with FD/
MAS from the United States and internationally, including the 
United Kingdom. Participants give online consent for their 
data to be collected and used for research. RUDY is accessed 
through its own web address (www.rudystudy.org) and pro-
moted to patients with FD/MAS by the Fibrous Dysplasia 
Support Society UK, as well as social media. Participants are 
required to enter the name of their rare disease, and this is 
linked to the Orphanet ontology (14). The participants then 
complete online questionnaires, including the painDETECT 
questionnaire (PD-Q) (15). 

The PD-Q is a 12-item questionnaire that has been used to 
record the intensity of their current pain (ranging from 0-10), 
as well as average and strongest pain during the past four 
weeks. In addition, the PD-Q uses questions concerning the 
quality of pain to discriminate whether a subject is experien-
cing nociceptive pain or features suggestive of neuropathic-
like pain. The PD-Q was developed to assess neuropathic 
pain in back pain (15, 16) and has also been adapted and 
validated as a measure of central sensitization in the context 
of osteoarthritis (17). (18, 19) Using the published scoring 
algorithm (15), which is based on 3 domains (sensory symp-
toms, pain course pattern, and pain radiation), participants 
were divided into 3 distinct groups: scores of 0 to 12 are in-
dicative of nociceptive pain; scores of 13 to 18 are classed as 
unclear, where a neuropathic component may be present; and 
scores of 19 to 38 indicate neuropathic-like pain is likely. The 
scores are dependent on the responses given to the questions, 
which elicit the type of pain experienced, for example if there 
is a component of numbness or burning. Participants were 
excluded from the analyses if they did not complete the PD-Q 
questionnaire, had missing demographic data (sex or age), or 
were less than 14 years old. All participants gave informed 
consent (FDF IRB approval 2018-56-FDF, RUDY LREC 14/
SC/0126 & 17/SC/0501).

Outcome Measures
Hospital Anxiety and Depression Scale (HADS) was used 
to evaluate the severity of anxiety and depression in the last 
week (20, 21). It is comprised of 14 questions, 7 to evaluate 
anxiety and 7 to evaluate depression. Written responses 
were converted to their numerical correlate according to the 
survey’s algorithm and sum of the scores, per category, were 
used to determine the final response. Scores less than 8 are 
normal, 8 to 10 mild, 11 to 14 moderate, and 15 to 21 severe 
depression or anxiety.

Pittsburgh Sleep Quality Index (PSQI) was used to evaluate 
quality of sleep over the previous 4 weeks (22, 23). This 
19-item survey evaluates 7 components of sleep: subjective 
sleep quality, time to sleep, sleep duration, sleep disturbances, 

use of medications, daytime dysfunction, and subjective fa-
tigue. Using the original scoring methods, a final result 
of greater than 5 is indicative of poor sleep, but according 
to more recent studies, greater than 8 is a more accurate 
threshold for sleep impairment and was used in this study 
(24).

The Medical Outcomes Study 36-Item Short Form Health 
Survey was used as a general measure of quality of life (25, 26). 
It comprises 36 questions that contribute to 8 different scales 
examining aspects of physical and mental health. Physical 
functioning, role limitations due to physical health and, emo-
tional problems, energy/fatigue, emotional well-being, pain, 
and general health were the 7 scales were used in this study. 
The RUDY study used Short Form 36 (SF-36) version 1, and 
FDF used SF-36 version 2. As there is no cross-walking algo-
rithm between SF-36 versions, each cohort was scored using 
their respective published version-specific scoring algorithm 
(27) to produce scores from 0 to 100. Higher scores indicate 
better quality of life in the respective dimension, and a score 
of 50 represents the mean score of the reference population.

Statistical Analysis
Descriptive statistics included Pearson correlation, t-tests, and 
analysis of variance, used for parametric outcome measures, 
and Spearman correlations, Mann-Whitney tests, and the 
Kruskal-Wallis tests were used for nonparametric outcomes. 
Categorical results were evaluated by use of chi-squared tests 
(sex, pain type, FD type) and Fisher’s exact test when indi-
vidual cell counts were <10. Multivariate logistic regression 
analyses were performed with nociceptive pain as the refer-
ence group to identify independent predictors of other aspects 
of quality of life, adjusting for sex, age, and average strongest 
pain during the previous four weeks. As a sensitivity analysis, 
models were repeated in individual cohorts. Correction for 
multiple testing was completed in the via the GraphPad Prism 
program. Significance was determined as P < 0.05. Analyses 
were completed on GraphPad Prism 7 (GraphPad Software, 
San Diego, CA, USA) and Stata Intercooled version 15.1 
(College Station, TX, USA).

Results
Patient Characteristics
A total of 249 participants were eligible for this study: 181 
from the FDF and 68 from RUDY. Women made up 82.3% 
of the cohort and had a mean age of 41 years (range 14-77) 
(Table 1). One hundred forty-seven of 181 participants from 
the FDF were US based. Eleven participants were adolescents, 
with a median age of 17 years; 8/11 (72.7%) were female. 
Eighty-six (34.5%) of the subjects reported that they had 
monostotic FD, whereas 114 (45.8%) experienced polyostotic 
FD; the remaining 49 (19.7%) did not report their FD type.

Data were missing for HADS in 17 individuals from FDF 
and 6 individuals from RUDY, and data were missing for 
PSQI in all individuals from FDF.

Frequency and Type of Pain
The distribution of current pain severity and average and 
strongest pain during the previous 4 weeks are shown in 
Figure 1. While the distribution for current and average pain 
was normally distributed, strongest pain had a more bimodal 
distribution. Women reported higher current (3.9, P = 0.08), 
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average (4.9, P = 0.02) and strongest (7.1, P = 0.07) pain ex-
perienced in comparison to the men (Table 2). Age was not 
associated with strongest (P = 0.76), average (P = 0.92), or 
current pain (P = 0.19) as measured by PD-Q.

Based on the PD-Q, 113 (45.4%) participants satisfied the 
criteria for nociceptive pain, 78 (31.3%) satisfied criteria for 
neuropathic pain, and the remaining 58 (23.2%) respond-
ents were categorized as unclear pain. The proportion of par-
ticipants with neuropathic-like pain increased with higher 
mean of current, average, and strongest pain in the previous 
4 weeks (P < 0.01), such that 64% of the total cohort with 
an average pain ≥8/10 had neuropathic-like pain (Figure 2). 
The prevalence of neuropathic pain was similar in adolescent 
(27.3%) vs adults (31.5%), although number of adolescents 
was small (P = 0.86). There was no difference in pain types 
between registries (P = 0.26).

The proportion of nociceptive, unclear, and neuropathic 
differed by sex. Women were less likely to score within the 
nociceptive range (42.9% women vs 56.8% men, P = 0.05) 
and more likely to report neuropathic-like pain (34.6% 
women vs 15.9% men, P = 0.05). The subset of subjects with 
polyostotic FD also reported more severe current, average, 
and strongest pain compared to the subset of subjects with 
monostotic FD (Table 2). However, there was no difference in 
categorization of pain as nociceptive, neuropathic, or unclear 

between participants with monostotic FD and the subset of 
subjects with polyostotic disease (P = 0.67).

Association of Neuropathic-like Pain on Other 
Reported Measures of Quality of Life
Those with neuropathic-like pain reported significantly lower 
quality of life across all dimensions of the Medical Outcomes 
Study 36-Item Short Form Health Survey (Table 3). Moderate 
or severe anxiety, as measured by the HADS, was present in 
34% of participants overall and in 42% of those with neuro-
pathic pain (Table 3). Seventy-five percent of participants 
reported impaired sleep, as measured by the PSQI, with sig-
nificantly (P = 0.001) worse score in those with neuropathic 
pain. In multivariate models, neuropathic pain remained an 
independent predictor of moderate/severe anxiety and depres-
sion but not impaired sleep (Table 4).

Discussion
We report for the first time, a high prevalence of neuropathic-
like pain in patients with FD/MAS. Neuropathic-like pain was 
more common in participants with higher pain severity, and 
the presence of neuropathic-like pain correlated with anxiety, 
depression, quality of life, and impaired sleep, although the 
latter and SF-36 social functioning was only recorded in the 
RUDY study. This represents an important potential unmet 
need for treatment. These findings suggesting a neuropathic-
like component to pain may partially explain previous clinical 
observations in FD demonstrating that pain does not correlate 
with the burden of skeletal disease and is more frequent and 
severe in adults than in children (4, 9).

Pain is a key symptom of FD, and yet there is little evidence 
to support its management. Currently most research is focused 
on the use of bone-specific therapies such as antiresorptives 
(6), with average pain severity as the key clinical endpoint. 
However, bone pain is a complex subjective experience with 
increasing evidence for contributions from abnormal nerve 
sprouting, spinal, and central processes in addition to per-
ipheral nociception (5). The only randomized trial of high-
dose oral bisphosphonates in FD/MAS, which was negative, 
recruited patients on the severity of pain and not its character 
(6). A neuropathic component to FD pain could potentially 
explain the lack of efficacy in this study.

Table 1.  Demographic and disease characteristics of participants

 Combined 
cohort 

FDF cohort RUDY 
cohort 

Total subjects, n 249 181 68

Women 205 (82.3) 154 (85) 51 (75)

Median age, years (range)a 40 (14-77) 38 (14-77) 48.5 (18-77)

Type of FD    

  Monostotic 86 (34.5) 73 (40.3) 13 (19.1)

  Polyostotic 114 (45.8) 97 (53.6) 17 (25.0)

  No FD type available 49 (19.7) 11 (6.1) 38 (55.9)

Data are given as n (%) unless otherwise indicated.
Abbreviations: FD, familial dysautonomia; FDF, Familial Dysautonomia 
Foundation; RUDY, Rare and Undiagnosed Diseases study.
aIncludes 11 adolescent patients, median age 17 years (range 14-17).

Figure 1.  Distribution of current, average and strongest pain severity in 249 participants with fibrous dysplasia/McCune-Albright syndrome. Each line 
describes the smoothed probability estimate of the frequency distribution for reported current, average, and strongest pain during the last past 4 weeks 
from the painDETECT questionnaire.
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The clinical consequences of underappreciation of chronic 
and neuropathic-like pain are significant (28). Neuropathic-
like pain is a common and variable complication of many 
disease processes. However, the prevalence of neuropathic-
like pain noted in this study (31.3%) was high in comparison 
to studies in rheumatoid arthritis (5%) and osteoarthritis 
(6.7%) (29-32) but slightly less than those in low back 
pain (37%) (33). Patients with neuropathic-like pain may 
benefit from agents targeting the nervous system, such as 
tricyclic antidepressants, serotonin-noradrenaline reuptake 
inhibitors, pregabalin, and gabapentin (34), in addition to 
the antiresorptive agents and analgesics (2, 35-37) that cur-
rently form the mainstay of treatment (38). In this study pa-
tients with neuropathic-like pain had worse quality of life, 
mental health, and sleep quality in comparison to those with 
nociceptive pain even after adjusting for the severity of the 
pain. Particularly striking is the finding that 25% of those 
in the neuropathic-like pain group had severe anxiety, and 
nearly 1 in 10 had severe depression, higher than rates in the 
general population (39). This is supported by previous studies 
of neuropathic-like pain where anxiety and depression are 
common (40). However, in keeping with a previous study in 
patients with FD (7), overall mean scores for anxiety and de-
pression are low and fall either within normal or mild anxiety/
depression. This is in contrast to other patients with chronic 
pain, where high proportions have severe anxiety or depres-
sive disorders (41). This suggests a dichotomy where many 
patients with FD do not experience adverse mental health 
outcomes, but those with neuropathic-like pain form a group 
where adverse mental health is more likely. Awareness of this 
among those with a neuropathic component to their pain 
would allow better screening and treatment of this group.

Sleep problems are common in the community (42) and 
are associated with mental (depression, anxiety) and phys-
ical (cardiovascular disease, stroke, obesity, hypertension) 
comorbidities as well as increased mortality (43, 44). The 
average PSQI scores reported here, in those with and without 
neuropathic-like pain, are comparable with the scores re-
ported for patients with chronic back pain referred to a ter-
tiary rehabilitation center (45) and worse than reported for 
patients undergoing bone marrow transplantation or with 
breast cancer (24). Our findings highlight the need to in-
clude assessment and treatment of sleep problems in adults 
with FD/MAS.

Previous studies have examined average pain using the 
Brief Pain Inventory (4). One advantage of the PD-Q is that 
it also includes numerical rating scales asking participants to 
rate their current pain, average over the previous 4 weeks, 
and at its strongest over the last 4 weeks. This is the first study 
to assess aspects of pain in patients with FD/MAS. Given the 
distributions, strongest pain during the last 4 weeks better 
identifies a subgroup with more severe pain. Further work 
is needed to understand which measure patients would pri-
oritize and would inform inclusion criteria and outcomes for 
clinical studies of pain in FD/MAS.

Compared to subjects with monostotic FD, those with 
polyostotic FD reported that they experienced more severe 
average and strongest pain, despite having comparable rates 
of nociceptive and neuropathic-like pain. A  previous study 
has suggested that pain severity does not necessarily correlate 
with FD disease burden. However, we did not have radio-
nuclide bone scan data to provide objective measures for the 
extent of skeletal disease.Ta
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The mechanisms of bone pain in FD/MAS are unknown. 
Osteoclasts are known to predominate in FD lesions from in-
creased levels of receptor activator of nuclear factor kappa-B 
ligand (46, 47). It is thought that the osteoclasts’ creation 
of an acidic environment, in excess, triggers the local tran-
sient receptor potential channel vanilloid subfamily member 
1 and acid-sensing ion channels and thus the perception of 
pain (48). This may contribute to the pain-relieving prop-
erties of bisphosphonates and denosumab in FD/MAS and 
other conditions with excessive osteoclast activity (5, 49-51). 
Physiologically, there is rationale to support a neuropathic 
component to pain in FD (5). Bone appears to have a distinct 
pattern of sensory innervation, consisting of thinly myelinated 
A-delta and unmyelinated CGRP + nerve fibers that highly 
express Trk A, a receptor for the ligand nerve growth factor 
(NGF) (5). Work in models of cancer bone pain has dem-
onstrated NGF-dependent ectopic sprouting of nerve fibers 
contributes to bone pain (5, 52). Such nerve fiber sprouting 
can be found as a normal response to bone trauma, where 
it likely plays a protective role (49). However, it has also 
been demonstrated in the chronic pain states of osteoarth-
ritis and intervertebral disc pain, perhaps as a result of failure 
to prune back such fibers when no longer required (49, 53, 
54). Whether such ectopic nerve fiber sprouting could con-
tribute to neuropathic bone pain in FD is unclear. In addition 
to promoting ectopic nerve fiber sprouting, NGF promotes 
bone pain through sensitization of sensory nerve fibers, and 
anti-NGF treatments have shown efficacy in reducing pain 
from osteoarthritis and low back pain (49, 55-57). In add-
ition, central sensitization has not been studied in FD, but its 
role in other chronic pain states makes it a likely contributing 
factor to neuropathic and chronic pain in FD.

Another potential mechanism involves IL-6, which has been 
shown to affect receptor activator of nuclear factor kappa-B 
ligand expression and osteoclastogenesis (58, 59). IL-6 has 
also been shown to be present at elevated levels in response to 
the GNAS mutation (11, 60). IL-6 is thought to contribute to 
the generation of bone cancer pain, through overexcitability 

of dorsal root ganglion neurons and upregulation of transient 
receptor potential channel vanilloid subfamily member 1 in 
dorsal root ganglion neurons (10). In the setting of periph-
eral nerve injury, IL-6 has been shown to contribute to nerve 
ending sprouting (10). Importantly, anti-IL-6 treatments 
are already in common clinical usage for the treatment of 
rheumatoid arthritis and have shown promising pain relief in 
a case report in FD; a clinical trial is ongoing (ClinicalTrials.
gov identifier: NCT01791842).

A major strength of our study is the high participant num-
bers in this rare disease. This is the largest study of pain in 
FD/MAS to date, and these novels findings have the potential 
to immediately and directly impact patient care. Results were 
replicable across 2 large international cohorts. This study also 
included the participation of a small group of adolescents, 
a frequently underrepresented group, whose responses were 
comparable to a purely adult cohort. However, we acknow-
ledge several limitations. The registries did not have a central 
identification system or country of origin, so it is possible that 
there may be overlap of patients between the RUDY and FDF 
registries. The diagnosis of FD/MAS was patient-reported 
without additional confirmatory clinical information. Given 
the use of patient reported data, it is possible that patients 
with more severe disease, including pain or mental health 
presentations, contribute more to registry data. This poten-
tially explains the high prevalence of polyostotic FD in this 
cohort (45.8%), indicating the data are likely biased toward 
those with a higher disease burden. Additional medical diag-
noses other than FD were not considered in the evaluation 
of the neuropathic pain, and lack of clinical data prevented 
more detailed assessment of the pain type, skeletal sites af-
fected, and use of analgesic medications that may have af-
fected pain (61). We recognize inclusion of higher disease 
burden patients could lead to an overestimation of the preva-
lence of neuropathic-like pain while the use of specific anal-
gesics could lead to an underestimation. We did not have data 
on complications of FD that can potentially contribute to the 
development of pain, such as fractures, postsurgical changes, 

Figure 2.  Proportions of nociceptive, unclear, and neuropathic-like pain for each severity of strongest pain strength during the past 4 weeks. Within 
each level of strongest pain during the past 4 weeks from 1 to 10, the proportion of individuals within in each pain with nociceptive, unclear, or 
neuropathic is shown as defined by the painDETECT questionnaire (33)
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and hypophosphatemia (62) (63), and further studies are 
needed to determine the role of these complications in the de-
velopment of overall and neuropathic-like pain in FD. While 
the PD-Q has been validated for musculoskeletal disorders 
such as posttraumatic/postsurgical neuropathy, it has not yet 
been specifically validated for FD/MAS (64), and future re-
search should validate this tool for neuropathic pain in indi-
viduals with FD/MAS. Another limitation is that the PD-Q 
is restricted to the 4 weeks prior to assessment and therefore 
may underestimate the effects of less frequent superimposed 
acute flares of pain. The study was limited by the use of the 
PD-Q without confirmatory neurological examination and 
testing, hence our use of the term “neuropathic-like pain.” 
We acknowledge that the features of neuropathic pain iden-
tified using the PD-Q may actually reflect nociplastic pain, 
a term introduced by the international pain community of 
pain researchers as a mechanistic descriptor for chronic pain 
states that are not typically nociceptive or neuropathic in 

origin but where clinical and psychophysical findings are con-
sistent with altered nociceptive function (65, 66). Currently, 
we lack knowledge regarding potential FD-induced damage 
of the somatosensory nervous system, and mechanistic studies 
are warranted to establish whether the neuropathic-like pain 
reported by the FD patients reflects nerve damage. Further, 
we were unable to exclude mixed patterns of pain including 
nociplastic pain (67, 68), and further confirmatory research 
is required. There were also some inconsistencies in data col-
lection: the PSQI was only available for RUDY participants, 
and there was missing data for the HADS responses. Finally, 
these data are cross-sectional and therefore can only highlight 
associations, not the direction, of effect and are therefore hy-
pothesis generating.

Our findings demonstrate that neuropathic-like pain is 
common in patients with FD/MAS and is associated with 
worse quality of life, increased rates of severe anxiety and 
depression, and poor sleep quality, as based on the RUDY 

Table 3.  Differences in other measures of participant-reported outcome measures

 Overall Nociceptive Unclear Neuropathic P-value 

HAD anxiety score (n = 230) 8.4 ± 4.7 6.5 ± 4.2 8.8 ± 4.6 10.9 ± 4.5 <0.0001

Severe anxiety 26 (11.3) 3 (2.9) 5 (9.1) 18 (25.4) <0.0001

HAD depression scorea(n = 226) 6.2 ± 4.7 4.1 ± 3.8 6.5 ± 4.7 9.0 ± 4.4 <0.0001

Severe depression 13 (5.8) 1 (1.0) 5 (9.2) 7 (9.8) 0.0065

SF-36 physical function 60 (30, 85) 70 (55, 90) 60 (30, 85) 35 (15, 60) 0.0001

SF-36 role limitation due to physical health 25 (0, 75) 75 (0, 100) 0 (0, 50) 0 (0, 25) 0.0001

SF-36 role limitation due to emotional health 66.7 (0,100) 100 (33.3, 100) 50 (0,100) 0 (0, 66.7) 0.0001

SF-36 energy/fatigue 35 (15, 55) 50 (25, 65) 35 (15, 45) 17.5 (10, 35) 0.0001

SF-36 Emotional well-being 64 (44, 80) 75 (60, 88) 64 (44, 80) 48 (36, 68) 0.0001

SF-36 Social Functioningb 62.5 (31.3, 93.8) 87.5 (50,100) 50 (37.5, 75) 31.3 (6.3, 50) 0.0004

SF-36 Pain 45 (22.5, 67.5) 65 (45, 77.5) 45 (22.5, 57.5) 22.5 (17.5, 43.8) 0.0001

SF-36 General Health 40 (25, 65) 55 (35, 75) 40 (30, 55) 20 (10, 40) 0.0001

PSQIb (n = 68) 9.7 ± 3.9 7.9 ± 3.4 11.4 ± 3.5 11.9 ± 3.8 0.0019

Sleep impairmentb 51 (75.0) 21 (60.0) 16 (94.1) 14 (87.5) 0.039

PD-Q current pain (n = 249) 3.7 ± 2.7 2.4 ± 2.2 4.0 ± 2.3 5.5 ± 2.6 <0.0001

PD-Q strongest pain (n = 249) 7.0 ± 2.7 5.8 ± 2.8 7.3 ± 2.4 8.5 ± 1.8 <0.0001

PD-Q average pain (n = 249) 4.7 ± 2.5 3.5 ± 2.3 5.0 ± 2.0 6.3 ± 2.0 <0.0001

Data are given as n (%), median (interquartile range), or mean ± SD. Nociceptive, unclear, and neuropathic-like pain defined by PD-Q scores ≤12, 13-18, 
and ≥19, respectively (33). Severe anxiety or depression are defined by scores of 15-21; sleep impairment, by score >8. P-values represent difference between 
the PD-Q groups using parametric and nonparametric tests.
Abbreviations: FDF, Familial Dysautonomia Foundation; HADS, Hospital Anxiety and Depression Scale; PD-Q, painDETECT questionnaire; PSQI, 
Pittsburgh Sleep Quality Index; RUDY, Rare and Undiagnosed Diseases study; SF-36, Short Form 36.
aData was missing for HADS in 17 individuals from FDF and 6 individuals from RUDY.
bData for PSQI and SF-36 social functioning was only available from RUDY participants.

Table 4.  Type of pain and depression, anxiety, and sleep impairment

 Adjusted for age and sex Adjusted for age, sex, and strongest pain 
during last 4 weeks

Unclear Neuropathic Unclear Neuropathic 

Moderate/severe anxiety (n = 230) 3.4 (1.6-7.5) 6.0 (2.9-12.3) 3.3 (1.5-7.4) 5.6 (2.5-12.3)

Moderate/severe depression (n = 230) 2.4 (0.9-6.6) 6.9 (2.8-17.2) 1.6 (0.5-4.5) 3.7 (1.4-10.0)

Sleep impairment (n = 68)a 12.4 (1.4-108.1) 4.7 (0.9-25.4) 10.6 (1.2-93.3) 3.6 (0.63-21.1)

Odds ratios (95% CIs) are shown with 2 models: adjusted for age and sex and then additionally adjusted for strongest pain during the past 4 weeks. 
Nociceptive, unclear, and neuropathic-like pain defined by PD-Q scores ≤12, 13-18, and ≥19 respectively (33). Nociceptive pain used as the referent group. 
Abbreviation: RUDY, Rare and Undiagnosed Diseases study.
aThis model is limited to only the RUDY cohort (n = 68), which represents 27% of the whole cohort.
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participants’ data. We suggest that patients with FD/MAS 
should be evaluated for neuropathic-like pain, mental 
well-being, and sleep disturbance; may benefit from treat-
ments targeting neuropathic pain; and should be included 
within eligibility or baseline stratification for clinical trials.

Acknowledgments
This study was supported by the Fibrous Dysplasia 
Foundation and the National Institute of Dental and 
Craniofacial Research (1 Z01 DE000649 and DE000758-
01); Intramural Research Program and the Medical Research 
Scholars Program; National Institutes of Health, Department 
of Health and Human Services; and the National Institute for 
Health Research (DRF-2010-03-131). The research was sup-
ported by the National Institute for Health Research (NIHR) 
Oxford Biomedical Research Centre (BRC). The views ex-
pressed are those of the author(s) and not necessarily those of 
the NHS, the NIHR, or the Department of Health.

Financial Support
This research was made possible through the National 
Institute of Health (NIH) Medical Research Scholars 
Program, a public-private partnership supported jointly by 
the NIH and contributions to the Foundation for the NIH 
from the Doris Duke Charitable Foundation, Genentech, 
the American Association for Dental Research, the Colgate-
Palmolive Company, and other private donors (T.S.); Oxford-
UCB Prize Fellowship (A.S.); various NIHR, nonprofit, and 
industry partner grants (R.P.V.); NIH grant 1 Z01 DE000649 
(R.P.V.); and National Institute for Health Research (NIHR) 
Oxford Biomedical Research Centre (BRC) (M.K.J.).

Author Contributions
Study design: M.K.J., L.W., and R.P.V. Study conduct: T.S. and 
A.B. Data collection: T.S., A.B., and M.K.J. Data analysis: T.S., 
A.B., and M.K.J. Data interpretation: T.S., A.B., and M.K.J. 
Drafting manuscript: T.S., A.B., L.W., and A.S. Revising 
manuscript content: T.S., A.B., R.P.V., A.S., A.M.H., L.W., 
and M.K.J. Approving final version of manuscript: T.S., A.S., 
R.P.V., L.W., A.M.H., A.B., and M.K.J. T.S. and R.P.V. takes 
responsibility for the integrity of the data analysis.

Disclosure Summary
A.S.  reports support from UCB and Abbvie outside the 
submitted work. R.P.V.  reports support from UCB, Mereo 
Biopharma, and Kyowa Kirin outside the submitted work. 
A.M.B.  reports support from Amgen and Ultragenyx out-
side the submitted work. M.K.J. reports support from UCB, 
Kyowa Kirin Hakin, and Amgen outside the submitted work. 
All other authors have no disclosures.

Data Availability
Anonymized data from the Rare and Undiagnosed Diseases 
study is available by direct request using www.rudystudy.org 
site and accessing the researcher tab. Data from the Fibrous 
Dysplasia Foundation requires a data request from the 
Fibrous Dysplasia Foundation.

References
	1.	 Boyce AM, Florenza F, deCastro L, Collins, MT. Fibrous dysplasia/

McCune-Albright syndrome. Published February 26, 2015; last up-
date June 27, 2019. GeneReviews®. https://www.ncbi.nlm.nih.gov/
books/NBK274564/

	2.	 Kelly  MH, Brillante  B, Collins  MT. Pain in fibrous dysplasia of 
bone: age-related changes and the anatomical distribution of skel-
etal lesions. J Osteoporos Int. 2008;19(1):57-63.

	3.	 Robinson C, Collins MT, Boyce AM. Fibrous dysplasia/McCune-
Albright syndrome: clinical and translational perspectives. Curr 
Osteoporos Rep. 2016;14(5):178-186.

	4.	 Kelly  MH, Brillante  B, Collins  MT. Pain in fibrous dysplasia of 
bone: age-related changes and the anatomical distribution of skel-
etal lesions. Osteoporos Int. 2008;19(1):57-63.

	5.	 Chapurlat RD, Gensburger D, Jimenez-Andrade JM, Ghilardi JR, 
Kelly M, Mantyh P. Pathophysiology and medical treatment of pain 
in fibrous dysplasia of bone. Orphanet J Rare Dis. 2012;7(suppl 
1):S3.

	6.	 Boyce  AM, Kelly  MH, Brillante  BA, et  al. A randomized, 
double blind, placebo-controlled trial of alendronate treat-
ment for fibrous dysplasia of bone. J Clin Endocrinol Metab. 
1371;2014:jc2014.

	7.	 Kelly MH, Brillante B, Kushner H, Gehron Robey P, Collins MT. 
Physical function is impaired but quality of life preserved in pa-
tients with fibrous dysplasia of bone. Bone. 2005;37(3):388-394.

	8.	 Guerin Lemaire H, Merle B, Borel O, Gensburger D, Chapurlat R. 
Serum periostin levels and severity of fibrous dysplasia of bone. 
Bone. 2019;121:68-71.

	9.	 Florenzano  P, Pan  KS, Brown  SM, et  al. Age-related changes 
and effects of bisphosphonates on bone turnover and disease 
progression in fibrous dysplasia of bone. J Bone Miner Res. 
2019;34(4):653-660.

	10.	Zhou Y-Q, Liu Z, Liu Z-H, et al. Interleukin-6: an emerging regu-
lator of pathological pain. J Neuroinflammation. 2016;13(1):141.

	11.	Yamamoto  T, Ozono  K, Kasayama  S, et  al. Increased IL-6-
production by cells isolated from the fibrous bone dysplasia 
tissues in patients with McCune-Albright syndrome. J Clin Invest. 
1996;98(1):30-35.

	12.	Erta M, Quintana A, Hidalgo J. Interleukin-6, a major cytokine in 
the central nervous system. Int J Biol Sci. 2012;8(9):1254-1266.

	13.	Javaid  MK, Forestier-Zhang  L, Watts  L, et  al. The RUDY study 
platform—a novel approach to patient driven research in rare mus-
culoskeletal diseases. Orphanet J Rare Dis. 2016;11(1):150.

	14.	Rath  A, Olry  A, Dhombres  F, Brandt  MM, Urbero  B, Ayme  S. 
Representation of rare diseases in health information systems: 
the Orphanet approach to serve a wide range of end users. Hum 
Mutat. 2012;33(5):803-808.

	15.	Freynhagen  R, Baron  R, Gockel  U, Tölle  TR. painDETECT: 
a new screening questionnaire to identify neuropathic 
components in patients with back pain. Curr Med Res Opin. 
2006;22(10):1911-1920.

	16.	Acquazzino MA, Igler EC, Dasgupta M, Simpson P, Browning MB, 
Brandow  AM. Patient-reported neuropathic pain in adoles-
cent and young adult cancer patients. Pediatr Blood Cancer. 
2017;64(3):e26364.

	17.	Soni A, Wanigasekera V, Mezue M, et al. Central sensitization in 
knee osteoarthritis: relating presurgical brainstem neuroimaging 
and PainDETECT-based patient stratification to arthroplasty out-
come. Arthritis Rheumatol. 2019;71(4):550-560.

	18.	Hochman  JR, Gagliese  L, Davis  AM, Hawker  GA. Neuropathic 
pain symptoms in a community knee OA cohort. Osteoarthritis 
Cartilage. 2011;19(6):647-654.

	19.	Hochman  JR, Davis  AM, Elkayam  J, Gagliese  L, Hawker  GA. 
Neuropathic pain symptoms on the modified painDETECT cor-
relate with signs of central sensitization in knee osteoarthritis. 
Osteoarthritis Cartilage. 2013;21(9):1236-1242.

	20.	Zigmond AS, Snaith RP. The hospital anxiety and depression scale. 
Acta Psychiatr Scand. 1983;67(6):361-370.

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article/107/6/e2258/6545463 by guest on 09 M
arch 2023

http://www.rudystudy.org
https://www.ncbi.nlm.nih.gov/books/NBK274564/
https://www.ncbi.nlm.nih.gov/books/NBK274564/


The Journal of Clinical Endocrinology & Metabolism, 2022, Vol. 107, No. 6 e2265

	21.	White D, Leach C, Sims R, Atkinson M, Cottrell D. Validation of 
the Hospital Anxiety and Depression Scale for use with adolescents. 
Br J Psychiatry. 1999;175(5):452-454.

	22.	Mollayeva T, Thurairajah P, Burton K, Mollayeva S, Shapiro CM, 
Colantonio A. The Pittsburgh sleep quality index as a screening tool 
for sleep dysfunction in clinical and non-clinical samples: a system-
atic review and meta-analysis. Sleep Med Rev. 2016;25:52-73.

	23.	Buysse DJ, Reynolds CF 3rd, Monk TH, Berman SR, Kupfer DJ. 
The Pittsburgh Sleep Quality Index: a new instrument for psychi-
atric practice and research. Psychiatry Res. 1989;28(2):193-213.

	24.	Carpenter  JS, Andrykowski  MA. Psychometric evaluation of the 
Pittsburgh Sleep Quality Index. J Psychosom Res. 1998;45(1):5-13.

	25.	Ware JE, Kosinski M, Bayliss MS, McHorney CA, et al. Comparison 
of methods for the scoring and statistical analysis of SF-36 health 
profile and summary measures: summary of results from the med-
ical outcomes study. Med Care. 1995;33(4 suppl):264-279.

	26.	Jenkinson  C, Stewart-Brown  S, Petersen  S, Paice  C. Assessment 
of the SF-36 version 2 in the United Kingdom. J Epidemiol 
Community Health. 1999;53(1):46-50.

	27.	Ware JE Jr, Sherbourne CD. The MOS 36-item short-form health 
survey (SF-36). I. Conceptual framework and item selection. Med 
Care. 1992;30(6):473-483.

	28.	McCarberg BH, Billington R. Consequences of neuropathic pain: 
quality-of-life issues and associated costs. Am J Manag Care. 
2006;12(9 suppl):S263-S268.

	29.	Ahmed S, Magan T, Vargas M, Harrison A, Sofat N. Use of the 
painDETECT tool in rheumatoid arthritis suggests neuropathic 
and sensitization components in pain reporting. J Pain Res. 
2014;7:579-588.

	30.	Soni  A, Batra  RN, Gwilym  SE, et  al. Neuropathic features 
of joint pain: a community-based study. Arthritis Rheum. 
2013;65(7):1942-1949.

	31.	Soni A, Arden NK, Price AJ, Tracey I, Javaid M. Neuropathic pain 
as a predictor of short and long-term outcome following knee 
replacement surgery. Osteoarthritis Cartilage. 2016;24(suppl 
1):S420-S421.

	32.	Hochman  JR, Gagliese  L, Davis  AM, Hawker  GA. Neuropathic 
pain symptoms in a community knee OA cohort. Osteoarthritis 
Cartilage. 2011;19(6):647-654.

	33.	Freynhagen  R, Baron  R, Gockel  U, Tolle  TR. painDETECT: 
a new screening questionnaire to identify neuropathic 
components in patients with back pain. Curr Med Res Opin. 
2006;22(10):1911-1920.

	34.	Wiffen PJ, Derry S, Bell RF, et al. Gabapentin for chronic neuropathic 
pain in adults. Cochrane Database Syst Rev. 2017;6(6):Cd007938.

	35.	Benhamou J, Gensburger D, Chapurlat R. Transient improvement 
of severe pain from fibrous dysplasia of bone with denosumab 
treatment. Joint Bone Spine. 2014;81(6):549-550.

	36.	Chapurlat RD, Hugueny P, Delmas PD, Meunier PJ. Treatment of 
fibrous dysplasia of bone with intravenous pamidronate: long-term 
effectiveness and evaluation of predictors of response to treatment. 
Bone. 2004;35(1):235-242.

	37.	Boyce  AM, Kelly  MH, Brillante  BA, et  al. A randomized, 
double blind, placebo-controlled trial of alendronate treat-
ment for fibrous dysplasia of bone. J Clin Endocrinol Metab. 
2014;99(11):4133-40.

	38.	Javaid  MK, Boyce  A, Appelman-Dijkstra  N, et  al. Best practice 
management guidelines for fibrous dysplasia/McCune-Albright 
syndrome: a consensus statement from the FD/MAS International 
Consortium. Orphanet J Rare Dis. 2019;14(1):139.

	39.	Breeman  S, Cotton  S, Fielding  S, Jones  GT. Normative data for 
the Hospital Anxiety and Depression Scale. Qual Life Res. 
2015;24(2):391-398.

	40.	Attal N, Lanteri-Minet M, Laurent B, Fermanian J, Bouhassira D. 
The specific disease burden of neuropathic pain: results of a French 
nationwide survey. Pain. 2011;152(12):2836-2843.

	41.	Becker N, Bondegaard Thomsen A, Olsen AK, Sjøgren P, Bech P, 
Eriksen J. Pain epidemiology and health related quality of life in 

chronic non-malignant pain patients referred to a Danish multidis-
ciplinary pain center. Pain. 1997;73(3):393-400.

	42.	Ford ES, Cunningham TJ, Giles WH, Croft JB. Trends in insomnia 
and excessive daytime sleepiness among U.S. adults from 2002 to 
2012. Sleep Med. 2015;16(3):372-378.

	43.	Kraus SS, Rabin LA. Sleep America: managing the crisis of adult 
chronic insomnia and associated conditions. J Affect Disord. 
2012;138(3):192-212.

	44.	Kay-Stacey M, Attarian H. Advances in the management of chronic 
insomnia. BMJ. 2016;354:i2123.

	45.	Marin R, Cyhan T, Miklos W. Sleep disturbance in patients with 
chronic low back pain. Am J Phys Med Rehabil. 2006;85(5):430-435.

	46.	de  Castro  LF, Burke  AB, Wang  HD, et  al. Activation of RANK/
RANKL/OPG pathway is involved in the pathophysiology of fibrous 
dysplasia and associated with disease burden. 2019;34(2):290-294.

	47.	de  Castro  LF, Burke  AB, Wang  HD, et  al. Activation of RANK/
RANKL/OPG pathway is involved in the pathophysiology of fi-
brous dysplasia and associated with disease burden. J Bone Miner 
Res. 2019;34(2):290-294.

	48.	Nagae M, Hiraga T, Wakabayashi H, Wang L, Iwata K, Yoneda T. 
Osteoclasts play a part in pain due to the inflammation adjacent to 
bone. Bone. 2006;39(5):1107-1115.

	49.	Mantyh PW. Mechanisms that drive bone pain across the lifespan. 
Br J Clin Pharmacol. 2019;85(6):1103-1113.

	50.	Boyce AM, Chong WH, Yao J, et al. Denosumab treatment for fi-
brous dysplasia. J Bone Miner Res. 2012;27(7):1462-1470.

	51.	Majoor BC, Appelman-Dijkstra NM, Fiocco M, van de Sande MA, 
Dijkstra  PS, Hamdy  NA. Outcome of long-term bisphosphonate 
therapy in McCune-Albright syndrome and polyostotic fibrous 
dysplasia. J Bone Miner Res. 2017;32(2):264-276.

	52.	Mantyh  WG, Jimenez-Andrade  JM, Stake  JI, et  al. Blockade of 
nerve sprouting and neuroma formation markedly attenuates 
the development of late stage cancer pain. Neuroscience. 
2010;171(2):588-598.

	53.	Ashraf  S, Wibberley  H, Mapp  PI, Hill  R, Wilson  D, Walsh  DA. 
Increased vascular penetration and nerve growth in the meniscus: 
a potential source of pain in osteoarthritis. Ann Rheum Dis. 
2011;70(3):523-529.

	54.	Freemont AJ, Watkins A, Le Maitre C, et al. Nerve growth factor 
expression and innervation of the painful intervertebral disc. J 
Pathol. 2002;197(3):286-292.

	55.	Lane  NE, Schnitzer  TJ, Birbara  CA, et  al. Tanezumab for the 
treatment of pain from osteoarthritis of the knee. N Engl J Med. 
2010; 363(16):1521-1531.

	56.	Kivitz  AJ, Gimbel  JS, Bramson  C, et  al. Efficacy and safety of 
tanezumab versus naproxen in the treatment of chronic low back 
pain. Pain. 2013;154(7):1009-1021.

	57.	Miller RE, Block JA, Malfait A-M. Nerve growth factor blockade 
for the management of osteoarthritis pain: what can we learn 
from clinical trials and preclinical models? Curr Opin Rheumatol. 
2017;29(1):110-118.

	58.	Tat  SK, Padrines  M, Theoleyre  S, Heymann  D, Fortun  Y. IL-6, 
RANKL, TNF-alpha/IL-1: interrelations in bone resorption path-
ophysiology. Cytokine Growth Factor Rev. 2004;15(1):49-60.

	59.	Kotake S, Sato K, Kim KJ, et  al. Interleukin-6 and soluble inter-
leukin-6 receptors in the synovial fluids from rheumatoid arthritis 
patients are responsible for osteoclast-like cell formation. J Bone 
Miner Res. 1996;11(1):88-95.

	60.	Riminucci  M, Kuznetsov  SA, Cherman  N, Corsi  A, Bianco  P, 
Robey PG. Osteoclastogenesis in fibrous dysplasia of bone: in situ 
and in vitro analysis of IL-6 expression. Bone. 2003;33(3):434-442.

	61.	Majoor BCJ, Traunmueller E, Maurer-Ertl W, et al. Pain in fibrous 
dysplasia: relationship with anatomical and clinical features. Acta 
Orthop. 2019;90(4):401-405.

	62.	Benhamou J, Gensburger D, Messiaen C, Chapurlat R. Prognostic 
factors from an epidemiologic evaluation of fibrous dysplasia of 
bone in a modern cohort: the FRANCEDYS study. J Bone Miner 
Res. 2016;31(12):2167-2172.

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article/107/6/e2258/6545463 by guest on 09 M
arch 2023



e2266 The Journal of Clinical Endocrinology & Metabolism, 2022, Vol. 107, No. 6

	63.	Correll  D. Chronic postoperative pain: recent findings in under-
standing and management. F1000Res. 2017;6:1054-1054.

	64.	Freynhagen  R, Tölle  TR, Gockel  U, Baron  R. The painDETECT 
project – far more than a screening tool on neuropathic pain. Curr 
Med Res Opin. 2016;32(6):1033-1057.

	65.	Bailly F, Cantagrel A, Bertin P, et al. Part of pain labelled neuro-
pathic in rheumatic disease might be rather nociplastic. RMD 
Open. 2020;6(2):e001326.

	66.	Kosek E, Cohen M, Baron R, et al. Do we need a third mechanistic 
descriptor for chronic pain states? Pain. 2016;157(7):1382-1386.

	67.	Freynhagen R, Rey R, Argoff C. When to consider “mixed pain”? 
The right questions can make a difference! Curr Med Res Opin. 
2020;36(12):2037-2046.

	68.	Freynhagen R, Parada HA, Calderon-Ospina CA, et al. Current un-
derstanding of the mixed pain concept: a brief narrative review. 
Curr Med Res Opin. 2019;35(6):1011-1018.

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article/107/6/e2258/6545463 by guest on 09 M
arch 2023


