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Abstract
Background  Pain is a common symptom in many rare bone disorders, often linked to depression and a substantial 
decline in quality of life. However, there is little information on the quality of the pain which may provide insights into 
pain mechanisms. This study aimed to describe and compare the frequency and characteristics of self-reported pain 
in adults with Fibrous Dysplasia of Bone/McCune-Albright Syndrome (FD/MAS), Osteogenesis Imperfecta (OI), and 
X-linked Hypophosphatemia (XLH).

Methods  A cross-sectional study was conducted using the online UK RUDY registry. Adults with self -reported 
FD/MAS, OI, and XLH who completed the painDETECT questionnaire (PD-Q) were included. Pain prevalence and 
phenotypes were assessed using baseline PD-Q responses which were also mapped to a modified widespread pain 
index as a measure of generalized pain. Descriptive analyses were performed using R®.

Results  A total of 281 adults completed the baseline PD-Q (94 FD/MAS, 94 OI, and 93 XLH). Among these, 86% 
of patients currently experienced pain and 47% reported severe strongest pain in the past four weeks, with no 
significant differences between conditions. Pain prevalence and phenotype were similar across diseases, though 
pain sites differed. Neuropathic-like pain and female sex were significantly associated with poorer pain outcomes, 
including higher pain prevalence and intensity (p < 0.05). Generalized pain (18%) was significantly associated with 
moderate to severe anxiety (p = 0.03), depression (p < 0.001) and sleep impairment (p < 0.001).

Conclusion  Despite distinct pathophysiological mechanisms, pain distribution appears similar across these bone 
diseases, suggesting a major role for non-skeletal factors. Generalized pain was frequent and associated with anxiety, 
depression, and sleep disturbances, suggesting nociplastic features maybe a significant driver of pain in adults with 
rare bone diseases.

Keywords  Rare bone disease, Fibrous Dysplasia/McCune-Albright, Osteogenesis imperfecta, X-linked 
hypophosphatemia, Bone pain, Pain phenotype
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Background
Pain is a common and debilitating symptom in patients 
with bone disorders [1], including rare bone diseases, and 
is frequently associated with depression and a marked 
reduction in quality of life [2, 3].

In rare bone diseases, pain remains poorly understood, 
with little information on its underlying mechanisms and 
the qualitative aspects of the pain experienced. Pain man-
agement in this population is particularly challenging, 
due to the lack of evidence-based treatment strategies 
combined with limited therapeutic options. Currently, 
treatment decisions are often based on physician expe-
rience and expert consensus, with the efficacy of many 
pain-relieving medications remaining uncertain due to 
few randomized controlled trials in this patient popula-
tion. This knowledge gap has resulted in insufficient pain 
management strategies, leaving many patients with inad-
equate relief.

Bone pain is multifactorial, driven by both bone-related 
factors and extra-osseous factors (e.g., demographic 
characteristics, comorbidities and psychosocial or emo-
tional factors), and is believed to be associated with 
complex pathological processes such as fractures, bone 
deformities, or alterations in bone mineralization [4, 5]. 
Identifying the contributing factors that influence pain 
severity and distribution could improve our understand-
ing of the mechanisms driving pain and to optimize pain 
management, ultimately improving patient outcomes in 
rare bone diseases.

Pain is a complex and subjective experience, which 
makes it challenging to capture comprehensively. Stud-
ies often focus only on current pain intensity, but other 
essential aspects and characteristics, such as pain quality 
or the fluctuation over time, are frequently neglected. In 
this context, online registries, provide valuable tools for 
assessing multidimensional aspects of pain and are par-
ticularly useful in rare diseases, enabling large-size sam-
ple data collection despite the rarity of the condition.

To address this, we conducted a cross-sectional study 
to explore pain experiences and identify the potential 
contributing factors across a range of rare bone diseases 
in adults, using the UK RUDY registry.

Methods
Design and data source
A cross-sectional study was conducted using the online 
RUDY registry. All participants in RUDY provided 
informed consent for the collection and use of their data 
for research (RUDY LREC 14/SC/0126 & 17/SC/0501). 
Adults with self-reported FD/MAS, OI, or XLH regis-
tered in the UK-based RUDY registry who had completed 
the painDETECT questionnaire (PD-Q) at baseline by 
-january 6th, 2025 were included. Demographic data, 
including age and sex, disease-specific characteristics 

(monostotic or polyostotic form for FD, OI type), and 
questionnaire data capturing pain and quality of life mea-
sures were collected from RUDY at baseline.

Outcomes measures
The PD-Q (Fig. 1, supplemental Fig. 1) is a 12-item ques-
tionnaire designed originally designed as a screening tool 
for neuropathic pain in the context of back pain [6]. It 
was later adapted for use in knee osteoarthritis [7] and 
has also been applied in numerous other musculoskeletal 
conditions [8], including FD/MAS [9], OI [10] or XLH 
[11, 12]. There is increasing evidence that it may also 
capture centrally mediated pain mechanisms, includ-
ing nociplastic pain. Pain phenotype was determined 
based on the final PD-Q score as follows: nociceptive 
(score 0–12), “unclear” (score 13–18), or neuropathic-
like (score 19–38), as previously described [6, 9]. In 
addition to pain characterization, the PD-Q has three 
separate questions which allow for the quantification of 
pain intensity on a scale from 0 to 10, recording current 
pain, average pain and the strongest pain experienced in 
the past four weeks. Current pain prevalence was defined 
as the proportion of patients reporting pain within the 
previous 24  h, while severe strongest pain prevalence 
corresponded to the proportion of patients describing 
their strongest pain intensity as greater than or equal 
8/10 within the past month. Patients were also able to 
report the course of their pain by selecting one of the fol-
lowing profiles: persistent pain with slight fluctuations, 
persistent pain with pain attacks, pain attacks without 
pain between them or, pain attacks with pain between 
pain them. The online PD-Q version (supplemental 
Fig. 1) includes a human body map that enables patients 
to indicate pain locations and if the pain radiates. For the 
purpose of the study, we defined four clinically relevant 
regions: craniofacial (face, jaw, forehead and headback), 
lower limbs (hip, buttock, thigh, knee, calf, ankle, foot), 
upper limbs (shoulder, upper arm, elbow, forearm, wrist 
and hand), and axial (chest, cervico-thoraco-lumbar 
spine and abdomen). Patients were able to report pain in 
any or all of the four areas.

The Widespread Pain Index (WPI) is used to assess 
widespread pain forms part of the 2016 revised ACR 
fibromyalgia diagnostic criteria [13], alongside the symp-
tom severity scale (SSS) score. The WPI assesses the pres-
ence of pain in 19 specific body locations, including jaw, 
upper and lower limbs, as well as the axial areas. The self-
report version of the fibromyalgia diagnostic criteria has 
been validated for epidemiologic studies [13]. According 
to these criteria, generalized pain is defined as pain in 
at least 4 out of 5 WPI body regions (left upper region, 
right upper region, left lower region, right lower region 
and axial region), excluding pain in the chest, jaw and the 
abdomen. Pain location data from the PD-Q body map 
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were used to create an equivalent WPI (Fig.  1, supple-
mental Table 1) and allowing estimation of the preva-
lence of generalized pain. The axial region was slightly 
modified in this equivalent WPI because the back areas 
were labeled and divided differently (lower/upper back in 
WPI vs. back and spine in modified WPI), although the 
entire back/spine region was similarly covered.

Anxiety and depression were evaluated using baseline 
Hospital Anxiety and Depression Scale (HADS) [14, 15] 
and defined based on following score in the last week 
separately for anxiety and depression: scores below 8 
was considered normal, 8 to 10 indicate mild anxiety or 
depression, 11 to 14 moderate and scores from 15 to 21 
reflected severe anxiety or depression. Sleep was assessed 
by baseline Pittsburgh Sleep Quality Index (PSQI) in the 
past 4 weeks [16, 17], with sleep impairment defined by a 
score greater than 8 [9].

Statistical analysis
Descriptive statistical analyses were conducted using 
R® and GraphPad Software® to summarize patient char-
acteristics and pain, mental health, and sleep outcomes. 

Unadjusted comparisons of outcomes across the three 
rare bone diseases (FD, OI, and XLH) and between pain 
phenotypes (nociceptive, neuropathic-like, unclear) were 
performed using the Kruskal-Wallis test for continuous 
variables and the Chi-squared test for categorical vari-
ables. Continuous variables are reported as median 
(interquartile range) and categorical variables as n (%). 
When statistically significant (p < 0.05), post-hoc pairwise 
comparisons were performed using Dunn’s test for con-
tinuous variables and Fisher’s exact test for categorical 
variables, with Bonferroni correction for multiple test-
ing. The Wilcoxon rank-sum test was used for subgroup 
analyses.

Multivariate analyses were performed to evaluate the 
associations of pain phenotype with pain, mental health, 
and sleep outcomes, adjusting for age and sex. Con-
tinuous outcomes were analyzed using linear regression 
(reported as regression coefficients with 95% confidence 
intervals [CI]) and binary outcomes using binomial 
regression (reported as odds ratios [ORs] with 95% CI), 
with nociceptive pain as the reference category. Indepen-
dent effects of age and sex were also assessed in separate 

Fig. 1  Pain assessement tools. Pain assessment in this study was performed multimodally using the PainDETECT Questionnaire (PD-Q) at baseline and a 
modified Widespread Pain Index (WPI) in adults with XLH, FD, and OI. The PD-Q provided quantitative measures, including current, average, and strongest 
pain intensity over the past 4 weeks, as well as semi-quantitative measures of pain extent and number of painful locations using a body map. It also 
allowed qualitative assessment, with the final score defining pain phenotype (0–12: nociceptive; 13–18: unclear; 19–38: neuropathic), pain description 
(type of sensation such as tingling, burning, or electric shocks; triggers; radiation), and pain course (e.g., persistent pain with attacks). The complete PD-Q 
version from RUDY.test.org is provided in Supplemental Fig. 1. The modified WPI, derived from the PD-Q body map, was used to evaluate generalized pain 
and the nociplastic component. Additional details on the modified WPI are available in Supplemental Table 1
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models using linear, binomial regression and multinomial 
regression, according to the outcome. Females were used 
as the reference group.

Results
Patients characteristics
We included a total of 281 adults who completed the 
PD-Q at baseline: 94 patients with FD/MAS, 94 with OI, 
and 93 with XLH. Regarding demographic characteris-
tics, the median age was 44 years (range ,18–78), and 73% 
of the cohort were women, with no differences in age or 
sex between the three diseases (Table 1).

Pain distribution and characteristics
Pain frequency
86% of patients from the overall cohort reported expe-
riencing current pain, with similar proportions across 
the three diseases (p = 0.97): 86% of FD patients, 87% of 
OI patients and 86% of XLH patients. 47% of patients 
reported their strongest pain in the past month as severe 
(≥ 8/10), with no statistically significant differences with 
patients in the OI group (37%) than FD/MAS (53%) and 
XLH (51%) groups (Table  1). 18% of the overall cohort 
had generalized pain as determined by the modified-
WPI, with no significant difference between the disease 
groups (p = 0.14).

Pain intensity
There was no significant difference in current or average 
pain intensity (Fig. 2) between disease groups (p = 0.09). 
However, the intensity of the strongest pain experienced 
in the past four weeks differed significantly between 
the three diseases (p = 0.03) and was significantly lower 
(median (IQR): 6 (4-8)) in OI patients compared to those 
with FD/MAS (8 (5-9), p = 0.02).

Pain phenotype
Among pain phenotypes, nociceptive pain was the most 
common (64%), followed by “unclear” pain (22%) and 
neuropathic-like pain (14%), with no differences in pro-
portions between the 3 types of disease (p = 0.6, Table 1; 
Fig.  3). Adults reporting neuropathic-like or “unclear” 
phenotype had significantly higher pain levels (p < 0.001) 
and more frequently reported severe strongest pain 
(p < 0.001) compared to those with a nociceptive profile 
(Table 2a and 2b).

Evolving pain profile
The commonest pain course was “persistent pain with 
pain attacks” (32%), following “pain attacks without 
pain between them” (28%), with no significant difference 
between the 3 diseases (p = 0.1, Table 1).

Painful sites
Overall, the lower limbs were the most frequently 
reported pain site among patients (82%), followed by 
the axial skeleton (57%) (Fig.  4). The sites of body pain 
differed between the rare bone diseases. In FD, a sig-
nificantly lower proportion of patients reported pain 
in the lower limbs (64%), compared to adults with OI 
(88%, p < 0.001) and XLH (94%, p < 0.0001). Conversely, 
a significantly higher proportion of FD patients reported 
pain at the craniofacial site (28%), in comparison to 
adults with OI (9%, p < 0.01) or XLH (8%, p < 0.01). Axial 
pain was significantly more frequent in patients with 
OI (76%), compared to FD patients (41%, p < 0.0001) or 
XLH patients (55%, p < 0.05). The number of painful areas 
reported on the PD-Q body map (1–66) was significantly 
lower in FD patients (median(IQR): 3 (2-5.75)) compared 
to patients with OI (median(IQR): 7 (4-14), p < 0.001) or 
XLH (median(IQR): 9 (4-15.5), p < 0.001) (Table 1).

Influence of age and sex
To determine the independent effects of age or sex on 
each pain outcome, each was separately assessed using 
distinct multivariate models in the overall cohort of 281 
patients (Table  3). Age showed no association with any 
pain outcome, including pain occurrence, pain level, 
number of painful sites, or phenotype. In contrast, sex 
was associated with multiple pain outcomes, includ-
ing both pain occurrence and pain levels. Males were 
less likely to report having pain, with a lower likeli-
hood of both current pain (OR [95% CI]: 0.40 [0.20–
0.82], p = 0.01) and severe pain in the past 4 weeks 
(OR [95% CI]: 0.42 [0.24–0.73], p < 0.01), compared to 
females. Male sex was also consistently associated with 
lower pain intensities than female sex for current pain 
(Coefficient[CI95%]: -0.89, 95% CI: -1.62 to -0.16), aver-
age (-0.94, 95% CI: -1.60 to -0.28), and strongest pain 
(-1.31, 95% CI: -2.01 to -0.61) reported within the past 
4 weeks (all p < 0.05). However, there were no sex differ-
ences in the extent of painful sites or pain phenotype.

In addition, associations between age or sex and pain 
outcomes were consistent across the different rare bone 
diseases, as no significant interactions were found in the 
models, nor in analyses stratified by age (data not shown).

Pain characteristics by disease
Sex was not associated with any pain outcomes in the 
FD/MAS group, and age was not linked to any pain 
parameters. Monostotic/polyostotic status was reported 
for 59 (63%) of the patients. Pain levels, pain frequency, 
and pain phenotype, as well as the pain course profile, 
were similar between monostotic and polyostotic FD 
(supplemental Table 2). 2 out of 27 monostotic patients 
reported generalized pain according to the modified 
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WPI, despite being expected to experience pain only at 
their single bone site lesion.

Contrary to FD, sex was associated with different pain 
outcomes in OI, with females being more likely to expe-
rience severe pain (Supplemental Table 3). Age was not 

associated with any pain parameters. The relationship 
between sex and pain phenotype could not be assessed 
(supplemental table 3b) due to the absence of males 
with neuropathic pain in this limited sample. Although 
the overall distribution of pain course profiles differed 

Table 1  Demographics and pain characteristics in adult patients with FD/MAS, OI, and XLH
Overall (n = 281) FD/MAS (n = 94) OI (n = 94) XLH (n = 93) p

Demographic factors
Median age, years 44(18–78) 47(18–74) 43(21–75) 41(19–78) 0.17
Women 205(73%) 67(71%) 69(73%) 69(74%) 0.9
Pain intensity
Current pain 4(1–6) 4.5(1.25-7) 3(1–5) 4(2–7) 0.09
Average pain in last 4 weeks 5(3–7) 5(3–7) 4(3–6) 5(3–7) 0.07
Strongest pain in last 4 weeks 7(5–9) 8(5–9)† 6(4–8) 8(5–9) 0.03*
Pain occurrence (y/n)
Current pain 243(86%) 81(86%) 82(87%) 80(86%) 0.97
Strongest pain ≥ 8/10 in last 4 weeks 132(47%) 50(53%) 35(37%) 47(51%) 0.06
Pain phenotype 0.63
  - nociceptive 172(64%) 54(60%) 63(70%) 55(62%)
  - neuropathic 38(14%) 15(17%) 11(12%) 12(13%)
   - unclear 59(22%) 21(23%) 16(18%) 22(25%)
  - missing data 12(4%) 4(4%) 4(4%) 4(4%)
Pain location
  - cranio-facial 41(15%) 26(28%)†° 8(9%) 7(8%) < 0.01*
  - upper-limb 126(45%) 34(36%) 49(52%) 43(46%) 0.08
  - lower-limb 230(82%) 60(64%)†° 83(88%) 87(94%) < 0.01*
  - axial 161(57%) 39(42%) 71(76%)†‡ 51(55%) < 0.01*
Extent of painful location
Number of painful areas (1–66) 6(2–12) 3(2-5.75)†° 7(4–14) 9(4-15.5) < 0.01*
Modified-WPI generalized pain (y/n) 51(18%) 11(12%) 20(21%) 20(22%) 0.14
Time course of pain 0.1
Persistent pain with slight fluctuations 61(23%) 15(17%) 26(29%) 20(22%)
Persistent pain with pain attacks 85(32%) 36(40%) 19(21%) 30(34%)
Pain attacks without pain between them 74(28%) 26(29%) 28(31%) 20(22%)
Pain attacks with pain between them 49(18%) 13(14%) 17(19%) 19(21%)
Missing datas 12(4%) 4(4%) 4(4%) 4(4%)
Anxiety and depression, HADS
Anxiety score 7(4–11) 6(3-10.25) 6(3-9.75) 9(6–12)‡° < 0.01*
Moderate or severe anxiety 55(27%) 17(25%) 13(21%) 25(35%) 0.18
Depression score 5(2–9) 4(1-9.25) 4(2–7) 7(4–10)‡° 0.01*
Moderate or severe depression 38(19%) 14(21%) 7(11%) 17(24%) 0.19
Missing data 80(28%) 26(28%) 32(34%) 22(24%)
Quality of sleep, PSQI
Score 9(6–12) 10(6–13) 8(1–11) 9(6–12) 0.46
Sleep impairment 144(55%) 50(56%) 45(51%) 49(57%) 0.84
Missing datas 17(6%) 5(5%) 5(5%) 7(8%)
Comparison of demographics, pain, mental health, and sleep outcomes in patients across the three rare bone diseases FD, OI, and XLH. Kruskal-Wallis or Chi-squared 
tests were used, with Dunn’s or Fisher’s exact for post-hoc analyses as appropriate. Data are shown as median (IQR) or n (%),unless otherwise indicated. y/n : yes or no

* p < 0.05, comparison between the 3 diseases

† p < 0.05, comparison FD/MAS vs. OI

˚p < 0.05, comparison FD/MAS vs. XLH

‡ p < 0.05, comparison OI vs. XLH

Abbreviations: FD/MAS: Fibrous Dysplasia/McCune-Albright; HADS: Hospital Anxiety and Depression Scale ; med = median ; IQR : Interquartile Range ; OI: 
Osteogenesis Imperfecta; PSQI : Pittsburgh Sleep Quality Index ; RUDY: Rare and Undiagnosed Diseases study; XLH: X-linked Hypophosphatemia; WPI: Widespread 
Pain Index
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Fig. 2  Distribution of pain intensity in FD/MAS, OI and XLH
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significantly between females and males (p = 0.03, supple-
mental table 3a), no significant differences were found 
when each profile was examined separately.

In XLH adults (supplemental Table 4), female sex was 
only associated with current pain prevalence. Age was 
not associated to any pain parameters.

Quality of life measurements
In the overall cohort, 27% of patients reported moderate 
to severe anxiety and 19% moderate to severe depres-
sion, with no significant difference between the three dis-
eases (p = 0.19) (Table 1). XLH patients exhibited poorer 
mental well-being outcomes, with a significantly higher 
median HADS score for anxiety compared to patients 
with FD/MAS (p < 0.01) or OI (p < 0.01). XLH patients 
also had a significantly higher median HADS score for 
depression than patients with FD/MAS (p = 0.01) or OI 
(p = 0.01). Regarding sleep quality, 55% of the cohort 
reported sleep impairment on the PSQI, with similar 
proportion between the 3 conditions (p = 0.84). No signif-
icant difference in the median PSQI score was observed 
between the three diseases (p = 0.84).

In multivariate models, a neuropathic-like profile 
was associated with both moderate to severe anxiety 
and depression, as well as sleep impairment (Table  2b). 

“Unclear” pain profile was associated with moderate to 
severe depression and sleep impairment but not with 
moderate to severe anxiety.

As described above, 18% of the overall cohort had gen-
eralized pain according to the modified WPI. Additional 
analyses of the full cohort of patients showed that gener-
alized pain was associated with significantly higher pain 
levels and poorer quality of life parameters compared 
to patients without generalized pain (Table 4). Pain lev-
els (current pain, strongest and average pain within 4 
weeks) were significantly higher in patients experiencing 
generalized pain in comparison to those without gener-
alized pain (p < 0.0001). Patients with generalized pain 
were more likely to experience neuropathic-like pain 
or “unclear” pain than nociceptive pain (respectively, 
p < 0.0001 and p < 0.01) (Fig. 5a). Anxiety and depression 
score were significantly higher in patients with general-
ized pain than patients without generalized pain (respec-
tively p < 0.001 and p < 0.0001). The proportion of patients 
having moderate to severe anxiety was also significantly 
higher in case of generalized pain (43% vs. 24%, p = 0.03) 
as the proportion of moderate to severe depression (41% 
vs. 14%, p < 0.001) – Figs.  5b and 5c. Regarding sleep, 
median score of PSQI was significantly higher in patients 
with generalized pain (p < 0.0001) and the proportion of 

Fig. 3  Proportions of nociceptive, unclear, and neuropathic-like pain profiles across each rare bone disease. The pain profile—categorized as nociceptive, 
unclear, or neuropathic-like pain was determined on the baseline PD-
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patients with sleep impairment were significantly higher 
in generalized pain (78% vs. 50%, p < 0.001) (Fig. 5d).

Discussion
This cross-sectional study compared pain characteristics 
in three rare bone diseases – FD/MAS, OI and XLH - and 
confirmed the unmet challenge of pain management in 
rare diseases as evidenced by the high prevalence of pain 
across conditions. In this study, current pain was experi-
enced by 86% of patients and 47% of patients describing 
their strongest pain within the past month as severe.

Given the distinct pathophysiological mechanisms of 
these three rare bone diseases, we anticipated identify-
ing differences and specific features in pain parameters 
for each condition. However, most pain outcomes (pain 
prevalence, intensity, phenotype and time course) were 
remarkably stable across the three diseases, suggesting 
that extra-osseous factors are the likely primary drivers 
for these aspects of pain. Conversely, pain sites appeared 
to be disease-specific. Previous study has shown that the 
anatomical location of pain may influence its frequency 
as well as its severity [18]. In our study, while age did not 
appear to influence pain, sex was an important determi-
nant, with women being more likely to experience pain 
and severe pain, as previously described in chronic pain 
[19–21]. Evidence of sex differences in pain perception 
has been reported, involving distinct genes, proteins, 
and hormonal-immune system interactions, as well as 

Table 2a  Pain outcomes and quality of life measures, according 
to pain phenotype

noci-
ceptive 
(n = 172)

neuro-
pathic-
like 
(n = 38)

unclear 
(n = 59)

p

Rare bone disease 0.63
FD/MAS 54(31%) 15(39%) 21(36%)
OI 63(37%) 11(29%) 16(27%)
XLH 55(32%) 12(32%) 22(37%)
Pain intensity 
(0–10)
Current pain 2(1–4)a, b 7(5–8) 6(4–7) < 0.01*
Average pain 4(2–5)a, b 7(6–8) 6(5–7) < 0.01*
Strongest pain 6(4–8)a, b 9(8–10) 9(8–9) < 0.01*
Pain occurence (y/n)
Current pain (y) 144(84%)b 37(97%) 58(98%) < 0.01*
Severe strongest 
pain (y)

50(29%)a, b 34(39%) 47(80%) < 0.01*

Extent of painful 
location
Number of painful 
areas (1–66)

4(2–8)a, b 15.5(8.5–
25)

10(4.25-16) < 0.01*

Modified-WPI-gener-
alized pain

16(9%)a, b 17(45%) 17(29%) < 0.01*

Anxiety and depres-
sion, HADS
Anxiety score (0–21) 6(3–10) 12(10–

15)a, c
8(5–11) < 0.01*

Moderate/severe 
anxiety (y)

24(19%) 17(63%)a, c 12(29%) < 0.01*

Depression score 
(0–21)

4(2–7)a, b 11(7.5–
13.5)

8(5–12) < 0.01*

Moderate/severe
depression (y)

10(8%)a, b 14(52%) 13(32%) < 0.01*

Missing datas 48(28%) 11(29%) 18(31%)
Quality of sleep, 
PSQI
Score (0–21) 8(5–10)a, b 14(10–17)c 11.5(8–14) < 0.01*
Sleep impairment (y) 74(45%)a, b 30(86%) 38(70%) < 0.01*
Missing datas 8(5%) 3(8%) 5(8%)
Comparison of rare bone disease type, pain outcomes, mental health, and 
sleep parameters according to pain phenotype (nociceptive, neuropathic-like, 
unclear). Continuous variables are reported as median (interquartile range) 
and compared using the Kruskal–Wallis test with Dunn’s post-hoc analysis. 
Categorical variables are presented as n (%) and compared using Chi-square or 
Fisher’s exact test, as appropriate. y/n : yes or no ; y : yes

* p < 0.05, comparison between the 3 phenotypes (nociceptive, neuropathic-
like and unclear)

a p < 0.05, comparison neuropathic-like vs. nociceptive

b p < 0.05,comparison unclear vs. nociceptive

c p < 0.05, comparison neuropathic-like vs. unclear

Table 2b  Association of pain phenotype with quality of life and 
pain outcomes: multivariate model adjusted for age and sex

Neuropathic-like Unclear
Pain intensity Coefficient 95% CI Coefficient 95% 

CI
Current pain 3.63 2.81 ; 4,45 2.53 1,84 ; 

3,22
Average pain 3.30 2.56 ; 4.03 2.24 1.62 ; 

2.85
Strongest pain 2.91 2.15 ; 3.66 2.59 1.95 ; 

3.23
Anxiety and 
depression 
(y/n)

OR 95% CI OR 95% 
CI

Moderate/severe 
anxiety

6.75 2.74 ; 17.48 1.64 0.70 ; 
3.72

Moderate/severe 
depression

12.08 4.51 ; 34.23 5.47 2.15 ; 
14.41

Sleep impair-
ment (y/n)

OR 95% CI OR 95% 
CI

7.23 2.89 ; 22.06 2.85 1.49 ; 
5.66

Separate multivariate models, each adjusted for age and sex, were used 
to evaluate the predictive value of pain phenotype, with nociceptive pain 
as the reference category. Binary outcomes (moderate/severe anxiety or 
depression, and sleep impairment) were analyzed using binomial regression 
and are reported as odds ratios (ORs) with 95% confidence intervals (95% CI). 
Continuous outcomes (pain intensity) were analyzed using linear regression 
and are reported as regression coefficients with 95% CI. y/n : yes or no
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differences in CNS pain pathways, coping strategies, and 
psychosocial factors, which modulate pain differently in 
males and females. In rare bone diseases, higher preva-
lence of pain have been reported in females in FD/MAS 
[18] and in OI [10, 22] but sex was not correlated with 
pain severity. Although age-related changes in pain per-
ception and modulation have been suggested in patients 
with chronic pain or in healthy subjects [23–25], we did 

not find an association between pain outcomes and age 
in the specific population of rare bone diseases. In this 
population, most studies have reported that adults are 
more likely to experience pain and higher pain levels than 
children [26–31], probably due to the cumulative burden 
of painful events over the lifespan (e.g., fractures, surger-
ies, osteoarthritis). However, findings among adults with 
rare bone disease are inconsistent: while some studies 

Table 3  Independent effects of age and sex on pain outcomes in overall cohort
Age Male sex

Pain occurrence (y/n) OR 95% CI p OR 95% CI p
Current pain (y) 0.99 0.97 ; 1.02 0.53 0.40 0.20 ; 0.82 0.01*
Severe strongest pain in past 4 weeks (y) 0.99 0.98 ; 1.01 0.41 0.42 0.24 ; 0.73 < 0.01*
Generalized pain (y) 1.00 0.98 ; 1.02 0.93 0.60 0.27 ; 1.24 0.19
Pain intensity Coefficients 95% CI p Coefficients 95% CI p
Current pain -0.014 -0.04 ; 0.01 0.21 -0.89 -1.62 ; -0.16 0.02*
Average pain in past 4 weeks -0.013 -0.03 ; 0.01 0.18 -0.94 -1.60 ; -0.28 < 0.01*
Strongest pain in past 4 weeks -0.014 -0.03 ; 0.01 0.20 -1.31 -2.01 ; -0.61 < 0.01*
Extent of painful location Coefficients 95% CI p Coefficients 95% CI p
Number of painful areas (1–66) -0.033 -0.10 ; 0.03 0.28 -1.36 -3.60 ; 0.87 0.23
Pain phenotype OR 95% CI OR 95% CI
Neuropathic 1.00 0.97 ; 1.02 0.68 0.29 ; 1.59
Unclear 1.01 0.99 ; 1.03 0.57 0.27 ; 1.18
The independent effects of age and sex on each pain outcome were evaluated using distinct models in the overall cohort of 281 patients, with female sex and 
nociceptive pain as reference categories. Pain occurrence (yes/no) was analyzed using binomial regression (OR, 95% CI), continuous outcomes (pain intensity, 
number of painful sites) using linear regression (coefficients, 95% CI), and pain phenotype using multinomial regression (OR, 95% CI). Males were less likely to report 
having pain, both current (OR = 0.40 [95% CI 0.20–0.82], p = 0.01) and severe in the past 4 weeks (OR = 0.42 [95% CI 0.24–0.73], p < 0.01), and reported lower pain 
intensities across all measures (all p < 0.05), compared to females. However, there were no sex differences in the extent of painful sites or pain phenotype, and age 
was not associated with any pain outcome. y/n : yes or no ; y : yes. *p < 0.05

Fig. 4  Pain location. Proportion of patients reporting pain in the upper limbs, lower limbs, axial skeleton, craniofacial region, or generalized pain, shown 
on a body map based on the PD-Q. Results are presented for all patients and by diagnostic group (XLH, FD, and OI). † p < 0,05, comparison FD/MAS vs. OI. 
̊ p < 0,05, comparison FD/MAS vs. XLH. ‡ p < 0,05, comparison OI vs. XLH
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describe a worsening of pain with increasing age [10, 22], 
others report no significant age-related differences in 
pain outcomes during adulthood [9, 18, 32, 33], perhaps 
because cohorts of rare disease patients include few older 
individuals.

In this study, the most prevalent pain phenotype 
was nociceptive pain, present in up to 64% of the over-
all cohort, with no significant difference among the 3 
diseases. The pain phenotype showed a consistent and 
independent association, with neuropathic-like and 
“unclear” profiles associated with greater pain severity 
and poorer quality-of-life measurements, including anxi-
ety, depression, and sleep impairment. Previous studies 
have described the prevalence of neuropathic-like pain 
in patients with FD/MAS [9], in OI [10] and in XLH 
[11, 12]. Among these, only one study, conducted in FD/

MAS patients has identified an association between neu-
ropathic-like pain and worse pain severity, higher levels 
of anxiety and depression, impaired quality of life, and 
sleep disturbances—findings that we confirmed in our 
study. Neuroimaging findings also support the associa-
tion between neuropathic pain and pain severity in FD/
MAS [34]. In our study, the “unclear” phenotype, which 
represents 22% of the overall cohort, may result from a 
mixed pattern of neuropathic-like and nociceptive pain 
types. Although this has not been proven, we cannot rule 
out that the “unclear” profile may be related to a noci-
plastic pattern as well as a proportion of patients with 
neuropathic-like pain.

Nociplastic pain is a common complication of chronic 
pain in rheumatic conditions, with the prevalence of 
fibromyalgia ranging from 10% to 48% in patients with 
rheumatic diseases [35, 36]. Nociplastic pain is charac-
terized by widespread body pain, often concomitantly 
associated with fatigue and altered sleep, cognition and 
mood, as well as multisensory hypersensitivity [37]. 
Recently recognized as the third category of pain, noci-
plastic pain can coexist with nociceptive and/or neu-
ropathic pain, potentially forming a continuum [37]. 
The PD-Q, initially developed to diagnosed neuropathic 
pain can also be applied for nociplastic pain [38]. Neu-
ropathic-like pain detected by the PD-Q has been cor-
related with central sensitization [39, 40], which is also 
a key mechanism driving nociplastic pain. Neuropathic 
pain may be more reflective of nociplastic mechanisms, 
given the lack of evidence for peripheral nerve damage 
or sensitization [41], in contrast with emerging evidence 
for central nervous system changes [34] in rare bone dis-
eases. Moreover, the consistency of pain characteristics 
and distribution across diseases with distinct skeletal 
pathologies and manifestations prompts consideration 
of on-skeletal mechanisms—such as central sensitiza-
tion or nociplastic pain—may play a predominant role in 
the pain experience in this population. This hypothesis 
of nociplastic mechanisms is further supported by the 
high prevalence of generalized pain (18%) in our cohort, 
as assessed using the modified-WPI, along with associa-
tion with moderate to severe anxiety and depression, as 
well as sleep disturbances. While it may be reasonably 
assumed that a diffuse musculoskeletal disorder or sys-
temic bone frailty such as XLH contributes to widespread 
pain, its occurrence in localized conditions like mono-
stotic fibrous dysplasia remains unexpected and raises 
questions about the involvement of additional non-skel-
etal factors in the pain experience.

In addition, a similar pattern has been observed in 
adults with other rheumatic conditions. A high preva-
lence of fibromyalgia, ranging from 10% to 48%, has been 
reported in adults with rheumatoid arthritis (RA) [36, 42, 
43], suggesting that nociplastic pain may represent an 

Table 4  Pain characteristics and quality of life outcomes among 
patients with generalized pain

No General-
ized pain 
(n = 230)

General-
ized pain 
(n = 51)

p

Demographic characteristics
Women 164(71%) 41(80%) 0.25
Age, years (range) 44(18–78) 43(22–78) 0.99
Rare bone disease 0.14
FD/MAS 83(36%) 11(22%)
OI 74(32%) 20(39%)
XLH 73(32%) 20(39%)
Pain-detect intensity
Current pain intensity 3(1–6) 6(4–7) < 0.01*
Strongest pain intensity 7(4–8) 8(7–9) < 0.01*
Average pain intensity 4.5(2–6) 6(4.5-7) < 0.01*
Pain phenotype < 0.01*
Neuropathic-like 21(10%)a 17(34%)
Nociceptive 156(71%)a, b 16(32%)
Unclear 42(19%) 17(34%)
Missing datas 11(5%) 1(2%)
HADS (n = 201)
Anxiety score (0–21) 6(3–10) 10(7–13) < 0.01*
Severe/moderate anxiety (y) 39(24%) 16(43%) 0.03*
Depression score (0–21) 4(2–9) 9(6–12) < 0.01*
Severe/moderate depression (y) 23(14%) 15(41%) < 0.01*
Missing datas 66(29%) 13(25%)
Sleep (n = 264)
PSQI score (0–21) 8(5.3–12) 11(8.3–14) < 0.01*
Sleep impairment (y) 108(50%) 36(78%) < 0.01*
Missing datas 12(5%) 5(10%)
Comparison of pain characteristics and quality-of-life outcomes in patients 
with and without generalized pain, using the Wilcoxon rank-sum test and Chi-
square or Fisher’s exact test, as appropriate. Data are expressed as median (IQR) 
or n (%), unless otherwise indicated. y : yes

* p < 0.05, comparison between patients with generalized pain versus those 
without

a p < 0.05, comparison neuropathic-like vs. nociceptive

b p < 0.05,comparison unclear vs. nociceptive
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intrinsic component of rheumatic diseases rather than 
a comorbidity. Furthermore, widespread pain, as mea-
sured by the WPI, has been identified as a predictor of 
disease activity in RA [42, 43] and patients experiencing 
nociplastic features also tend to report worse patient-
reported outcomes, including greater fatigue and mood 
disturbances [42].

Ultimately, our study highlights the importance 
of looking beyond bone pathology for pain manage-
ment, and emphasizes the need for careful assessment 
for the potential aetiology of pain to inform integrative 

multimodal strategies and interventions targeting central 
components of pain (e.g. psychological therapies, reha-
bilitative approaches and anti-neuropathic medications) 
[9, 44].

This is the first study to provide a comprehensive anal-
ysis of the prevalence and characteristics of pain across 
three rare bone diseases—FD/MAS, OI, and XLH—yield-
ing novel insights into the pain experience within these 
populations. Despite the rarity of these conditions, our 
cohort included a substantial sample size of 281 patients, 
enabling a reliable characterization of pain patterns and 

Fig. 5b  Proportions of moderate to severe anxiety based on generalized pain status Proportion of individuals with moderate to severe anxiety, as as-
sessed by the HADS, among patients with or without generalized pain according to the modified-WPI

 

Fig. 5a  Impact of Generalized pain on pain phenotype and quality of life outcomes in adults with rare bone diseases. Proportions of nociceptive, unclear, 
and neuropathic-like pain profiles according to generalized pain status Proportion of individuals in each pain profile (nociceptive, unclear, or neuropathic-
like), as defined by the baseline PD-Q, among patients with or without generalized pain according to the modified-WPI
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the identification of contributing factors. However, our 
study has several limitations, including its cross-sectional 
design, which allows for the description of associations 
but does not permit conclusions about causality, and 
may be subject to selection bias. Our study is based on 
an online registry relying solely on patient self-reported 
data, without access to medical records. Clinical and bio-
logical information are inconsistently reported in RUDY, 
and the absence of medical supervision further limited 
its reliability. Consequently, analyses were restricted to 
basic demographic parameters (e.g., age and sex) and did 
not allow correlation of pain with patients’ disease status 
(e.g., fractures, hypophosphatemia) or relevant interven-
tions (e.g., surgery, medications), which are known to 
influence pain trajectories. Another limitation of online 
registries is their reliance on voluntary participation, 

which may induce selection bias toward patients with 
higher health literacy or more severe conditions, poten-
tially leading to an overestimation of pain within our 
cohort. Digital access can also introduce selection bias, 
particularly among older individuals who may have lim-
ited technological proficiency. Despite these limitations, 
the stability of pain-related parameters across the three 
disease groups, including pain phenotype, suggests that 
pain assessment in our study remains reliable and consis-
tent. In this cross-sectional study, various questionnaires 
(PD-Q, HADS, PQSI, etc.) were assessed at baseline. 
Since pain is a dynamic parameter subject to change over 
time, it would be valuable to investigate its progression 
in a longitudinal study, examining the impact of treat-
ment as well as other key determinants of pain, such as 
age. We were unable to accurately assess the pelvic area, 

Fig. 5d  Proportions of sleep impairment based on generalized pain status Proportion of individuals with sleep impairment, as assessed by the PSQI, 
among patients with or without generalized pain according to the modified-WPI

 

Fig. 5c  Proportions of moderate to severe depression based on generalized pain status Proportion of individuals with moderate to severe depression, as 
assessed by the HADS, among patients with or without generalized pain according to the modified-WPI
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as the PD-Q body map did not provide sufficient regional 
specificity. As described in the methods section, the WPI 
was determined using the PQ-Q location mapping, with 
slight modifications in labelling for 2 of the 19 areas. 
Nevertheless, it is unlikely that these small differences 
significantly influence the results, given that the same 
regions are covered. This exploratory study was not spe-
cifically designed to meet fibromyalgia diagnosis criteria, 
and as such, may contain inherent biases. Nevertheless, 
this preliminary work underscores the urgent need to 
assess nociplastic pain and fibromyalgia in patients with 
rare bone diseases.

Conclusion
Despite distinct pathophysiological mechanisms, the 
prevalence and main characteristics of pain appear simi-
lar across these bone diseases, suggesting that non-bone-
related factors may contribute significantly. Pain sites 
appear to be specific to the underlying bone disease, 
while female sex and certain pain phenotypes (neuro-
pathic-like and unclear) may represent important deter-
minants of pain.

The common observation of generalized pain along its 
associations with anxiety, depression, and sleep distur-
bances in these three rare bone diseases suggest nociplas-
tic features, but requires further investigation.
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