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Abstract 

Background:  Osteogenesis Imperfecta affects approximately 1 in every 10,000 people. Musculoskeletal disorders 
and pain are common in adults with Osteogenesis Imperfecta, but specific knowledge of the problems people have 
is lacking. Access to therapy services for adults with Osteogenesis Imperfecta is variable. We designed this analysis 
to better understand the musculoskeletal disorders and consequent therapy needs for adults with Osteogenesis 
Imperfecta. 

Methods:  This study was a cross-sectional analysis of outpatients with Osteogenesis Imperfecta. Adults attending a 
newly established multidisciplinary clinic at a tertiary centre in 2019 were included. A highly specialist physiothera-
pist worked within the clinic to offer therapy input if required and to refer patients to appropriate therapy as needed. 
People over the age of 18 were included if they had a diagnosis of Osteogenesis Imperfecta. Data were collected over 
a five month period using routinely collected clinical information and patient reported outcomes.

Results:  Over five months 50 patients attended the clinic. Musculoskeletal pain was a significant feature reported 
by 84% of patients. Over 50% of patients reported persistent pain for longer than one year duration and the most 
common site of pain was in the spine (46%). No difference in pain between types of OI and age. Forty five per cent 
(n = 19) of patients reported moderate to severe problems with mobility on the EQ-5D with over half reporting prob-
lems with self-care and ability to carry out usual activities. Over 50% of patients in clinic also reported anxiety (EQ-5D). 
During the consultation 70% of patients received therapy input which was either advice in clinic or an onward referral 
to the appropriate service. The referral rate to specialist out-patient rehabilitation services at a tertiary centre was 30%.

Conclusions:  This analysis highlights the high prevalence of MSK pain in adults with OI and the effect on physical 
function and emotional wellbeing. This study demonstrates the diverse needs of the adult Osteogenesis Imperfecta 
population and the need for suitable multidisciplinary therapy services.
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Background
Osteogenesis imperfecta (OI) comprises a heteroge-
neous group of genetic disorders characterized by 
increased bone fragility, low bone mass, and suscep-
tibility to bone fractures with variable severity. OI 
affects approximately 1 in every 10,000 people [1] and 
in the UK, there are approximately 5,000 people liv-
ing with OI. In 95% of cases the condition is caused 
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by mutations in the COL1A1 and COL1A2 genes, and 
transmission is most commonly autosomal dominant. 
There are also autosomal recessive forms of the condi-
tion which generally have a more severe clinical presen-
tation [2].

The clinical presentation of OI varies widely and is 
classified accordingly; mild (type I), neonatally fatal 
(type II), moderate deformity (type IV) and severe pro-
gressive skeletal deformity (type III) [2]. OI can affect 
multiple systems including cardiovascular, pulmonary, 
dental, auditory and musculoskeletal [3]. Bone fragility 
and recurrent fractures are the main clinical manifesta-
tion of the condition. Musculoskeletal (MSK) problems 
in OI could be due to joint hypermobility, scoliosis, 
deformity secondary to fractures, tendinopathy or 
muscles that fatigue easily. A recent study showed that 
adults with OI have a 64% rate of MSK concerns com-
pared to 1–3% in a population without OI [3].

Management of OI should be multidisciplinary 
involving experienced medical, orthopaedic, physi-
otherapy and rehabilitation specialists. There is cur-
rently no cure for OI, although bisphosphonate therapy 
is used in children and can be used in adults [1]. The 
multidisciplinary approach to OI treatment is well 
established in the paediatric population however the 
transition to adulthood less so, despite concerns of 
other health conditions [3]. We therefore designed this 
analysis to understand what the MSK disorders and 
consequent therapy needs are of adults with Osteogen-
esis Imperfecta.

Methods
In October 2019 a multidisciplinary team (MDT) clinic 
was established at a tertiary centre, for adults with OI. 
The team included two consultant metabolic bone spe-
cialists, a clinical nurse specialist, a geneticist, a research 
co-ordinator and a specialist physiotherapist with exper-
tise in hypermobility and persistent pain. The project was 
reviewed by the local research and innovation centre at 
The Royal National Orthopaedic Hospital SE19.0035 and 
considered a service evaluation therefore no formal ethi-
cal approval was required. Routine clinic data was cap-
tured as part of the clinic appointment therefore verbal 
consent was obtained and recorded as part of patient 
notes. This was considered appropriate under the guid-
ance of the research innovation centre.

The type of OI presentation was categorised by the 
consultants in clinic according to the Sillence classifica-
tion [2] and whether they had a mild, moderate or severe 
phenotype.

STROBE standards for use in observational studies 
were used.

Eligibility
Routine data was collected in the MDT clinic for 
patients who were over the age of 18  years and had a 
clinical diagnosis of OI.

Data collection
Data were collected over a five month period from 
October 2019 to February 2020 by the physiothera-
pist in clinic. Demographic data including age, gender 
and work status were collected. Patient reported out-
come measures EQ-5D-5L (EuroQol) [4] and brief pain 
inventory scale (short form) (BPS) [5] were collected 
by questionnaire. The patients were asked to complete 
the BPS based on their MSK pain. The BPS measures 
the severity of pain on an 11 point scale ranging from 
0 (corresponding to ‘no pain’) to 10 (‘pain as bad as you 
can imagine’); we adopted the approach in a study by 
[6] Kawai et  al. 2017 and took the average score as a 
measure of severity and categorized the scores as fol-
lows; mild pain (1–3), moderate pain (4–6) and severe 
pain (7–10). Pain interference with daily activities was 
defined as a mean score of 5 or above. In addition, we 
recorded the number of reported fractures in the last 
two years, the duration and site of MSK pain as well as 
the therapy intervention or onward referral.

Data analysis
Descriptive data are given as means, ranges, frequencies 
and percentages. Excel version 14.7.3. was used to make 
calculations. Further statistical analysis was performed 
using Stata version 15.1. The comparison between the 
types of OI was performed using an un-paired t-test 
and the EQ-5D-5L outcomes were compared between 
groups using the Mann–Whitney test. An additional 
analysis examined the association between age and BPI 
pain score using a Pearson correlation.

Results
During the five month data collection period fifty 
adults with OI attended the MDT clinic. The demo-
graphic data is presented in Table 1. The demographic 
data shows that more women than men accessed the 
clinic during this time whilst the prevalence in OI is 
equally split between genders. There were only a small 
number of type III patients, an insufficient number to 
include in a formal analyses between types. Thus, sta-
tistical comparisons were made between type I and 
type IV patients only.

Musculoskeletal pain and fractures
MSK pain was a significant feature of patients pre-
senting in clinic with 86% (n = 43) of those attending 
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reporting symptoms of pain. For those patients report-
ing pain, the duration of pain symptoms ranged from 
0–12 months for (n = 14) of patients, between 1–2 years 
for (n = 12) of patients and (n = 17) of those in clinic 
reported having pain for over 2  years. The patients 
reported sites of pain in different areas of the body with 
(n = 14) reporting 1 site of pain, (n = 11) described 2 
sites of pain and (n = 18) reporting 3 or more sites of 
pain. The distribution and frequency of the site of pain 

is shown in Fig.  1. Overall 27 of the patients reported 
43 incidences of new fractures in the last 2 years.

The BPI severity scale was fully completed by 37 
patients. This showed that 45% (n = 18) of patients have 
mild symptoms with a pain score of 3 or less, 35% (n = 13) 
have a pain score of 4–6 which was classified as moder-
ate and 16% (n = 6) fell into the severe category with pain 
over 7/10. Overall 29% (n = 11) of patients had an aver-
age interference score of > 5 inferring that it impacted 
on their general activity, mood, walking ability, normal 
work, relations with other people, sleep and enjoyment of 
life. Statistical analysis demonstrated no difference in age 
(p = 0.82) or BPI pain scores (p = 0.20) when comparing 
the patients with OI type I and OI type IV. See Table 2.

Quality of life
The EuroQol EQ-5D-5L was used to measure overall 
quality of life. There were 42 full sets of data collected. 
One person declined to complete it, one was not collected 
and six were incomplete. Figure  2 (EQ5D data (n = 42)
represents the data collected. In clinic 22% patients 
used a wheelchair as their primary mode of mobil-
ity, this included a self-propelling and powered wheel-
chairs, 18% of patients used a walking stick or crutches 
and 60% mobilised unaided. The mobility measure dem-
onstrates that 45% (n = 19) of adults presenting in clinic 
have moderate-severe problems with their mobility and 

Table 1  Characteristics of participants 

Total sample (n = 50)

Age, mean (SD) 38.42 (12.33)

Age range (years) 23–76

  Female 31 (62%)

  Male 19 (38%)

OI Type
  Type I 36 (72%)

  Type III 4 (8%)

  Type IV 10 (20%)

Work status
  Employed 27 (54%)

  Not employed 17 (34%)

  Studying 3 (6%)

  Employed but on sick leave 3 (6%)

Fig. 1  Reported sites of pain, more than one region could be selected so the sum of the numbers is greater than 100%
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Table 2  Comparison between OI types 

*statistically significant

Variable Category Type I
(n = 26)

Type III
(n = 4)

Type IV
(n = 10)

P-value (*)

Age - 38.1 ± 11.2 35.0 ± 10.3 37.1 ± 12.8 0.82

BPI pain - 3.8 ± 2.2 6.5 ± 1.0 4.8 ± 2.0 0.20

Equation 5d mobility No problem 7 (27%) 0 (0%) 0 (0%)  < 0.001
Slight problem 7 (27%) 0 (0%) 1 (10%)

Moderate problem 8 (31%) 0 (0%) 1 (10%)

Severe problem 4 (15%) 1 (25%) 5 (50%)

Unable 0 (0%) 3 (75%) 3 (30%)

Equation 5d self-care No problem 14 (54%) 0 (0%) 3 (30%) 0.08

Slight problem 7 (27%) 0 (0%) 2 (20%)

Moderate problem 3 (12%) 1 (33%) 2 (20%)

Severe problem 2 (8%) 1 33%) 2 (20%)

Unable 1 (1%) 1 (33%) 1 (10%)

Equation 5d usual activities No problem 11 (42%) 0 (0%) 3 (30%) 0.32

Slight problem 5 (19%) 0 (0%) 1 (10%)

Moderate problem 6 (23%) 0 (0%) 4 (40%)

Severe problem 3 (12%) 4 (100%) 0 (0%)

Unable 1 (4%) 0 (0%) 2 (20%)

Equation 5d pain No pain 3 (12%) 0 (0%) 0 (0%) 0.17

Slight pain 9 (35%) 0 (0%) 2 (20%)

Moderate pain 8 (31%) 0 (0%) 5 (50%)

Severe pain 6 (23%) 2 (67%) 2 (20%)

Extreme pain 0 (0%) 1 (33%) 1 (10%)

Equation 5d anxiety Not anxious 10 (38%) 1 (25%) 6 (60%) 0.64

Slightly anxious 8 (31%) 1 (25%) 1 (10%)

Moderately anxious 5 (19%) 1 (25%) 0 (0%)

Severely anxious 3 (12%) 0 (0%) 3 (30%)

Extremely anxious 0 (0%) 1 (25%) 0 (0%)

Fig. 2  EQ5D data (n = 42)
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14% (n = 6) reported they were unable to mobilise or had 
severe problems with mobility and 16% (n = 6) of patients 
reported no problems with their mobility.

Of the patients who completed the EuroQoL EQ-5D-5L 
reported pain 37/42 (88%). Slight pain problems were 
reported by 26% (n = 11) of patients and 33% (n = 14) 
reported moderate pain problems. Severe or extreme 
pain was reported by 28% (n = 12) of patients.

Of the completed measure just over half of the patients 
reported problems with managing self-care (52%, n = 22), 
16% (n = 7) of patients reporting extreme to severe prob-
lems. However, 40% (n = 17) had no difficulties with 
self-care.

Regarding usual activities the data shows that 23% 
(n = 10) had moderate problems carrying out their usual 
activities whilst 23% (n = 10) had severe or extreme/una-
ble to carry out usual activities and 33% (n = 14) did not 
report any difficulties with usual activities. Overall 54% 
(n = 23) reported anxiety. Of those patients, 24% (n = 10) 
reported slight problems, 14% (n = 6) reported moderate 
problems and one patient reported severe problems.

Statistical findings according to type of OI
The EQ-5D-5L analysis suggest a statistically signifi-
cant difference in mobility score between type I and 
IV patients (P = 0.01). The scores were higher for type 
4 patients. 80% of type IV patients scored 4 or 5 on 
this scale, compared to only 15% of type I patients. See 
Table 2.

There was also some evidence that type IV patients had 
higher EQ-5D-5L self-care scores, although the differ-
ence for this measure did not reach statistical significance 
(P = 0.08). None of the other EQ-5D-5L scores varied sig-
nificantly between the two groups. See Table 2.

Therapy needs
During the consultations, 70% of patients received ther-
apy input which was either advice in clinic or an onward 
referral, Fig.  3. Half of the patients seen in clinic were 
referred to either physiotherapy, occupational therapy, 
social services or mental health services. Therapeutic 
advice was provided to 20% (n = 10) of patients in clinic, 
all of which were classified with Type I OI. A further 30% 
(n = 15) of patients were referred to out-patient rehabili-
tation services at a tertiary centre. A single patient with 
Type IV OI was referred to a bespoke rehabilitation in-
patient stay at the same centre and a further 12% (n = 6) 
of patients were referred to their local community ther-
apy service. One patient required a social services referral 
and 4% (n = 2) consented to onward referral for mental 
health services. The physiotherapist in clinic liaised with 
a local therapy team on behalf of one patient.

Discussion
The data collected from the multidisciplinary clinic 
demonstrates the high prevalence of MSK pain in adults 
with OI and the consequent effect on daily function. 
MSK pain at numerous joints in the body is a key fea-
ture reported by this adult population and the results 
demonstrate that there was no correlation between 
the type of OI, age and the pain reported. Over half of 
patients in clinic reported persistent pain according 
to the International Association for the Study of Pain 
(ISAP) definition [7] A health survey in 2017 by Ver-
sus Arthritis found 34% of the population in England 
were suffering from chronic pain and the most com-
mon cause for pain was MSK conditions [8]. This sug-
gests that adults with OI have a higher rate of chronic 
pain than the general population. Despite the reporting 
of new fractures in clinic, the incidence of persistent 

Fig. 3  Therapy referrals and intervention in clinic
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pain cannot be fully explained by current fractures and 
this has been reported previously by Lafage-Proust & 
Courtois [9].

It is widely understood that persistent pain adversely 
affects daily activities, physical and psychological health 
[6]. In a study by Tosi et al. [3] 95% of respondents with 
OI reported that MSK disorders affected their quality of 
life. A recent study by Nijhuis et al. 2021 [10] also finds 
that individuals with OI report pain as an important issue 
which impacts daily life, mobility, participation, work 
life and social relationships. The results from this study 
are in agreement with previous work, showing that that 
mobility, self-care and usual activity are impacted for 
over half of adults with OI who were seen in clinic. The 
significant difference in type IV mobility scores versus 
type I scores are not surprising as type IV OI is a physi-
cally more severe phenotype and clinically it is expected 
to affect their mobility. Despite a high percentage of 
patients experiencing pain and mobility difficulties, 60% 
of patients were still able to work or study (Table 1).

The most prevalent site of pain was the spine which 
may be explained by a high prevalence of spinal deform-
ity such as scoliosis or vertebral fractures in the OI popu-
lation [11]. Weight bearing joints in the lower extremity 
were also common as sites of pain and a study suggests 
joint instability and osteoarthritis can be a factor in these 
symptoms [12].

An interesting finding was just over half of patients 
reported anxiety symptoms on the EQ-5D-5L demon-
strating that adults with OI may also suffer with mental 
health conditions. A systematic review by Tsimicalis et al. 
2016 [13] supports this finding. The review reported that 
depression scores varied widely between individuals with 
OI and some studies showed reduced mental health and 
emotional functioning compared to a normative popu-
lation. There is a consensus that emotional wellbeing 
should be part of a comprehensive assessment for indi-
viduals with OI [10] which further supports the impor-
tance of a biopsychosocial approach when assessing and 
treating adults with OI in a clinic environment.

The physiotherapist in clinic was able to provide advice 
within the clinic setting for 20% of patients. Within the 
clinic the physiotherapist was able to make an onward 
referral to the most relevant service based on the assess-
ment, including psychology, occupational therapy, social 
services, physiotherapy or bespoke rehabilitation at a 
tertiary centre. Managing MSK disorders and long-term 
conditions holistically, has been advocated to reduce the 
impact of an individual’s disability and maximise their 
quality of life [14]. This cross sectional study demon-
strates the need for multidisciplinary management in the 
adult population with OI which has long been established 
for children with OI.

Limitations
This was a single centre study and data collection was 
curtailed as the clinic was suspended in March 2020 
due to the Covid-19 pandemic. Due to this there was 
not enough data on type III OI patients to support sta-
tistical comparisons. Furthermore, incomplete data for 
outcome measures may have limited the results, this 
could be overcome if they were digital for any future 
studies in this area. We did not record the reasons or 
diagnosis of MSK pain as this was beyond the remit of 
this analysis but would be an interesting further study.

Conclusions
This study highlights the high prevalence of MSK pain 
in adults with OI and the effect it has on their physical 
function and emotional wellbeing. The diverse needs of 
the adult OI population are demonstrated in terms of 
the wide variety of onward referrals required. Further 
work is required to understand the experiences of peo-
ple with OI in accessing therapy services and their per-
ceived therapy needs to support service design.
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