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Abstract 

Background  Osteogenesis imperfecta (OI) is a group of inherited connective tissue disorders of varying severity 
characterized by bone fragility. The primary objective of this international multidisciplinary collaboration initiative 
was to reach a consensus for a standardized set of clinician and patient-reported outcome measures, as well as asso-
ciated measuring instruments for dental care of individuals with OI, based on the aspects considered important 
by both experts and patients. This project is a subsequent to the Key4OI project initiated by the Care4BrittleBones 
foundation which aims to develop a standard set of outcome measures covering a large domain of factors affecting 
quality of life for people with OI. An international team of experts comprising orthodontists, pediatric dentists, oral 
and maxillofacial surgeons, and prosthetic dentists used a modified Delphi consensus process to select clinician-
reported outcome measures (CROMs) and patient-reported outcome measures (PROMs) to evaluate oral health 
in individuals with OI. Important domains were identified through a literature review and by professional expertise 
(both CROMs and PROMs). In three focus groups of individuals with OI, important and relevant issues regarding dental 
health were identified. The input from the focus groups was used as the basis for the final set of outcome measures: 
the selected issues were attributed to relevant CROMs and, when appropriate, matched with validated questionnaires 
to establish the final PROMs which represented best the specific oral health-related concerns of individuals with OI.

Results  Consensus was reached on selected CROMs and PROMs for a standard set of outcome measures and meas-
uring instruments of oral health in individuals with OI.

Conclusions  Our project resulted in consensus statements for standardization oral health PROMs and CROMs 
in individuals with OI. This outcome set can improve the standard of care by incorporating recommendations of pro-
fessionals involved in dental care of individuals with OI. Further, it can facilitate research and international research 
co-operation. In addition, the significant contribution of the focus groups highlights the relevance of dental and oral 
health-related problems of individuals with OI.
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Background
Osteogenesis imperfecta (OI) is a genetic connective 
tissue disorder, with the characteristic symptoms of 
bone fragility, recurrent fractures, impaired growth, and 
resulting short stature [1]. Affected individuals may also 
present with blue sclera, joint laxity, and dentinogenesis 
imperfecta (DGI) [1]. OI is traditionally classified into 
four main types according to clinical and radiographic 
findings, where type I is mild with blue sclerae, type II 
is pre- or perinatally lethal, type III is the most severe 
type associated with survival of the perinatal period, and 
type IV is of moderate severity [2]. Autosomal dominant 
mutations in the COL1A1 and COL1A2 genes are causa-
tive in approximately 85% of cases [3–5]. More recent 
studies have revealed a plethora of recessive and X-linked 
mutations in genes related to the production and modifi-
cation of collagen type I, leading to the proposal of a new 
OI nomenclature comprising five main types [6]. Signifi-
cant efforts have also been made to adopt a dyadic nam-
ing system by systematically associate the phenotypic 
entity with the gene it arises from [7]. However, the clas-
sification by Sillence is still the most frequently used in 
clinical practice.

Dental and craniofacial aberrations are common 
findings in individuals with OI [8–11]. The most com-
mon oral findings in OI are DGI and malocclusion such 
as open bite in the anterior or posterior region of the 
occlusion [8, 9, 11, 12]. Teeth affected by DGI exhibit a 
characteristic grey-blue to brown discolouration due to 
dysplastic dentin [13, 14]. The enamel, which shows nor-
mal structure and mineral content, is easily fractured 
due to the underlying dysplastic dentin, which is prone 
to attrition [9]. The deciduous dentition is often more 
severely affected than the permanent dentition [9]. Radi-
ographically the teeth exhibit a deviating morphology, 
pathognomonic for the condition, with bulbous crowns, 
a marked cervical constriction, pulpal obliteration, and 
short roots [11, 13]. DGI is classified into two subgroups 
based on genetic findings; DGI type I, syndromic form 
associated with osteogenesis imperfecta and DGI type 
II, non-syndromic form [14–18]. In individuals with OI, 
depending on the type, prevalence of DGI is estimated 
to be between 8 and 100% [8, 12]. More severely affected 
children often have a more severe dental phenotype [8, 9, 
12]. Additionally, many individuals with OI present with 
other dental aberrations. Among these are dental agen-
esis, apically extended pulp chambers (taurodontism – in 
individuals without DGI), retained permanent second 
molars and abnormal craniofacial development with ver-
tical underdevelopment of dentoalveolar structures [9, 
19–23]. The oral manifestations in OI may have a signifi-
cant impact on oral health-related quality of life [24–27].

The phenotypes seen in OI exhibit an extensive hetero-
geneity. The plethora of findings, including oral and cran-
iofacial manifestations, can also differ within the same 
type of OI.

From birth to adult life, the children and adolescents 
grow and develop both physically and mentally. All ages 
are associated with the need for special considerations 
when it comes to securing oral health and monitoring 
craniofacial development. A solid base of knowledge is 
mandatory for diagnosis and treatment of traits. Defin-
ing a set of reliable and valid outcomes for individuals 
with OI that would cover all essential oral and crani-
ofacial aspects and be applicable worldwide is challeng-
ing. Such an outcome set could potentially improve the 
standard of care on both an individual and a population 
level. Standardization of outcome measures is of utmost 
importance to enable aggregation of data from different 
studies, to compare data from different data sets, to allow 
evidence synthesis, and most importantly, be relevant to 
the individuals affected by the disorder [28]. Individuals 
with rare diseases are at increased risk of unmet clinical 
needs due to limited access to information and clinical 
care [29, 30]. To meet this challenge, the Care4Brittle-
Bones foundation initiated the Key4OI Plus, a project to 
develop a minimum standard set of outcomes and associ-
ated measures for the comprehensive appraisal of OI that 
would reflect the complexity of OI care and focusses on 
the issues that are considered most important by individ-
uals with OI [31].

The primary aim of this initiative was to reach an inter-
disciplinary, international consensus for a standard set 
of outcomes and measuring instruments for oral health-
care in OI, based on the aspects considered important by 
both the dental profession and individuals with OI. This 
standard set is to be comprehensive enough to cover the 
full range of dental care in OI, as well as practical enough 
for valid implementation. This approach would permit 
oral healthcare teams to measure and monitor their per-
formance in a consistent way. Furthermore, this would 
support longitudinal and cross-sectional comparisons of 
outcomes between centers that serve OI populations in 
different countries and cultural contexts.

Methods
Participants of the project team
The Care for Brittle Bones Foundation reached out to all 
main OI patient organizations, including OIFE and OIF 
to identify any national experts for oral health/dentistry 
in their respective countries. In addition, the identified 
experts reviewed literature to ensure all available exper-
tise was invited to join the project team. The project team 
was composed of thirteen individuals from eight different 
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countries, both patient experts and dental care providers 
with different specialties in dentistry.

The project was led by a project coordinator (n = 1) 
from the Care4BrittleBones Foundation. Clinical disci-
plines represented included pediatric dentistry (n = 5), 
orthodontics (n = 3), oral and maxillofacial surgery (n = 1) 
and prosthodontics (n = 1). Furthermore, patient repre-
sentatives with a professional background in healthcare 
(n = 2) were represented. Of the professional experts, five 
were involved in dental care for children and five experts 
involved in dental care for both children and adults.

Initiation of the project
The project was initiated and coordinated by the Care-
4BrittleBones Foundation. The project used the same 
approach and principles as for the Key4OI Outcome 
set [31]. For the original Key4OI work an ethical review 
was conducted and confirmed that no ethical review 
was required for the development of outcome measures 
under this project.

The project commenced with a meeting explaining 
the purpose and voluntary nature of the project partici-
pation. A total of thirteen (monthly and later biweekly) 
virtual consensus meetings were facilitated by the project 
coordinator, in the period November 2020–January 2022. 
All meetings were summarized and recorded, in order to 
address occasional absences of individual members.

Literature review
In the first phase, the project team collected possible out-
come measures related to oral health, dental condition, 
and occlusion in people with osteogenesis imperfecta, 
based on available literature and clinical experience. The 
expert team conducted a non-systematic in-depth litera-
ture review of relevant publications in OI and oral health, 
based on the expertise of each specialist. Variables pre-
sent in the literature were merged with the extensive 
collective clinical experience from the expert group. Lit-
erature inclusion criteria were original research articles 
and publications in peer-reviewed journals. Exclusion 
criteria were articles not available in English or the inabil-
ity to obtain the full-text article. This resulted in a list of 
possible clinician-reported outcome measures (CROMs) 
and expected relevant CROMs. The results were shared 
in consensus meetings and converted into a comprehen-
sive list of aspects of both CROMs and patient-reported 
outcome measures (PROMs). Based on the literature, rel-
evant measuring instruments attributing these outcome 
measures were collected.

Focus groups
The patient representatives and project coordinator 
recruited individuals with OI to participate in focus 

groups. They worked together with various patient 
organizations to inform the patient community about 
the upcoming project, and they shared the informa-
tion on social media. The group consisted of eight 
male and twelve female patients. The type of OI was 
distributed as follows: Type I: 6, Type III: 8 and Type 
IV: 6. To maintain anonymity, complete health records 
of the focus group participants were not documented. 
Not all patients consented to record their age. All were 
above 18  years. The youngest patient was 18 and the 
oldest 58. The patients were from 11 different coun-
tries: two from the US, one from Asia and the others 
from European origin. The professional experts of the 
project team were not involved in recruiting the focus 
groups and did not participate in focus group sessions, 
to ensure participant anonymity, voluntariness, and 
unbiasedness.

The project coordinator organized three focus group 
meetings on 24th of February, 3rd and 9th of March 
2021. A total number of 20 adults with OI attended and 
discussed in the group, supported by a moderator and 
an innovative IT tool called Mural© (see www.​mural.​
com). It is a well-established and proven platform to 
engage virtual audiences. The meetings were provided 
by written comments, a summary based on the written 
comments composed by the two patient experts of the 
project team, and recordings of the meeting.

During the sessions, 29 themes mentioned by the 
participants within the sessions, were discussed. Key 
themes were defined as themes mentioned in all ses-
sions and they were marked as “top priority”. Themes 
that strongly resonated in two of the three sessions 
were marked as “priority”.

The key themes mentioned by the focus groups were 
explained by the patient experts and discussed in pro-
ject team meetings. The key themes were compared 
and attributed to the selected CROMs. The items on 
the CROMs list were discussed, for: relevance of the 
outcome measure and applicability (time, languages 
and costs) and validation (also in different languages) 
of possible measuring instruments. The CROMs men-
tioned by the focus groups were considered more rel-
evant, than the CROMs mentioned by the experts only.

A different approach to PROMs was adopted. PROMs 
measuring instruments consisted of mainly question-
naires. All items of the different questionnaires were 
split into different items/questions. The key themes 
of the focus groups were matched with the items of 
the questionnaires, in order to identify the measuring 
instruments (i.e. questionnaires) covering most and 
most relevant (high priority) items.

http://www.mural.com
http://www.mural.com
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Consensus: Delphi rounds
A modified Delphi technique was used to develop 
a consensus on a minimal standard outcome set of 
CROMs and PROMs. The Delphi technique is an itera-
tive multi-stage process to actively transform opinion 
into group consensus [32]. In a Delphi study, anony-
mous responses of the project team members are 
aggregated and shared with the group after each round, 
ultimately leading to a group consensus. The consensus 
should be based on the data derived from professional 
experts and individuals with OI themselves.

In a digital platform, commonly used for scientific 
surveys, experts anonymously rated the proposed out-
come measures and measuring instruments for inclu-
sion in the set, on a 9-point scale. A minimum of 80% 
with a score of seven, eight or nine was required for 
the final confirmation of each individual component 
comprising the measuring instrument. A score of one, 
two or three in 80% of responses lead to a rejection. 
Mid-range scores of four, five or six were regarded as 
“non-conclusive”. The anonymous “non-conclusive” 
responses were re-discussed in the next consensus 
meeting and tabled in the next Delphi round. A par-
ticipation of 80% of experts was required in the Delphi 
rounds [32, 33].

Results
Literature review and expert opinion/clinical experience
In the first phase of the project, relevant dental items 
were identified by the project team. The literature 
review and expert opinion resulted in 35 articles that 
were reviewed and discussed by the project team. 
Table 1 outlines the relevant oral health-related aspect 
and measuring instruments addressing them identified 
by the professional experts of the project team.

Focus groups
During the sessions, 29 themes were discussed. A 
total of 13 themes were addressed as relevant to indi-
viduals with OI: 6 themes came out as key themes in 
all sessions (marked as “top priority”) and 7 additional 
themes (the other dental items) strongly resonated in 2 
of the 3 sessions (Table 2). The themes from the focus 
groups were reviewed and discussed by the professional 
experts of the project team and were assessed as being 
covered by the initially identified dental items. The key 
themes mentioned by the focus groups were attrib-
uted to the relevant CROMs and/or listed as a PROM 
(Table 3).

Selection of outcome measures and measuring 
instruments
Based on the input of the professional experts of the 
project team and the focus groups in the previous 
phases, outcome measures were formulated, and cor-
responding measuring instruments were collected 
(Table 4).

In the five Delphi rounds, carried out between Sep-
tember 2021 and January 2022, a 100% consensus was 
reached on a set of oral health-related outcome measures 
and measuring instruments. A clinical practice guideline 

Table 1  List of possible outcome measures, dental items in 
osteogenesis imperfecta

Clinician-related outcome measures (CROMS)

General oral health
 Hard tissues and oral health

 Periodontal health

 Tooth wear

 Plaque

Osteogenesis imperfecta related oral health

 Dentinogenesis imperfecta

 Expressivity—Mild/Moderate/Severe

 Clinical indicators

 Radiographic indicators

 Histological assessment

Other dental anomalies
 Shell teeth

 Tooth agenesis

 Taurodontism

 Pulpal stones

 Ectopic molars (impaction/retention), eruption first molars

 MIH

 Other anomalies

Malocclusion—orthodontics
 Sagittal incisal relationship

 Vertical incisal relationship

 Sagittal molar occlusion

 Vertical molar occlusion

 Transversal molar occlusion

 Occlusion and aesthetics

 Orthodontic treatment priority

Osteogenesis imperfecta related (medical) contra-indications or barriers 
with regard to dental treatment

Patient-reported outcome measures (PROMs)

Oral pain and dysfunction

Oral health-related quality of life
 Oral function

 Aesthetics

Burden of treatment

Accessibility to dental treatment

Anxiety related to dental treatment
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Table 2  Key themes identified in focus groups across sections

Key themes identified Priority

Breaking off tooth pieces, chipping, fracturing teeth Top

Dental implants Top

Embarrassed because of teeth or mouth Top

Ignorance of dentists Top

Experiencing pain (tooth or jaw) Top

Proportions of jaw and how they "match" (over/under/open/crossbite) Top

Affordability of dental treatment

Anxiety in relation to future of jaws/teeth

Difficulty eating certain type of food

Earache

Facings not sticking/coming off or loosening

Fillings/Crowns

Root canal issues (infection, disappearance of visible canal)

Table 3  Attribution of key themes mentioned by the focus groups to the relevant CROMs and/or listed as a PROM

Key themes identified across sessions Attribution to CROMs or PROMs

Breaking off tooth pieces, chipping, fracturing teeth CROMs:
 OI-related oral health/DGI
 OI-related oral health or general oral health/tooth wear
PROMs:
 Functional impairments

Dental implants CROMs:
 OI-related medical contra-indications or barriers

Embarrassed because of teeth or mouth CROMs:
 OI-related oral health/DGI and malocclusion
PROMs:
 Esthetics

Ignorance of dentists PROMs: separate (new) item

Experiencing pain from teeth or jaws CROMs:
 General oral health
PROMs:
 Orofacial pain and dysfunction

Proportions of jaws and how they "match" (over/under/ 
open/crossbite)

CROMs:
 Malocclusion
PROMs:
 Esthetics
 Functional impairment?

Affordability of dental treatment PROMs: separate (new) item

Anxiety in relation to future of jaws / teeth PROMs: anxiety
Discussion: anxiety for dental treatment or insecurity about situation/possibilities/barriers

Difficulty eating certain type of food CROMs:
 General oral health (missing teeth, type of prosthetic appliance, periodontal condition)
 Malocclusion
 Breaking/chipping > OI-related oral health/DGI
PROMs:
 Orofacial pain and dysfunction

Earache CROMs and PROMs
Discussion: orofacial pain and dysfunction possible aetiology

Facings not sticking / coming off or loosening CROMs:
 OI-related oral health / DGI
PROMs:
 Functional impairment

Fillings/Crowns CROMs:
 OI-related oral health/DGI

Root canal issues (infection, disappearance of visible canal) CROMs: OI-related oral health/radiographic DGI indicators/pulp obliteration
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Table 4  Selection of outcome measures, with input of the focus groups and possible measuring instruments

Domain Outcome measure Measuring instruments

CROMs

General oral health Hard tissues and oral health DMFT (Decayed Missing Filled Teeth) 
[65]

Periodontal health BPE (Basic Periodontal Examination)
CPITN (Community Periodontal Index 
of Treatment Needs)
Periodontal status
[34–36, 66, 67]

Endodontic health (periapical 
pathology)

Clinical and/or radiographic assess-
ment

Tooth wear BEWE (Basic Erosive Wear Examina-
tion) [68]
TWI (tooth wear index) [69]

Plaque Plaque score [37]

Number of permanent teeth Clinical or radiographic assessment

Number of extracted teeth Clinical or radiographic assessment

Number of teeth with direct/indi-
rect restorations

Clinical and/or radiographic assess-
ment

Number of dental implants Radiographic assessment

Number of endodontically treated 
teeth

Radiographic assessment

Type of dental prosthesis Clinical assessment:
0. Implant supported crowns
1. Fixed partial denture, dental sup-
ported
2. Fixed partial denture, implant sup-
ported
3. Removable partial denture
4. Full denture
5. Other?

OI specific oral health /DGI spec-
trum

DGI—Expressivity Expressivity Clinical and radiographic assessment: 
3 types of expressivity:
1. Presence in primary dentition
2. Presence in both
3. Isolated histological DGI only

DGI—Clinical DGI indicators 1. Pathologic discoloration Clinical assessment—according 
to scale or description
(blue/grey or yellow/brown) [8, 14, 38]

2. Attrition BEWE [68]
TWI [69]

3. Fractures Clinical assessment

DGI—Radiographic DGI indicators 1. Bulbous crowns with cervical 
constriction

Radiographic assessment (Y/N) [8]

2. Pulpal obliteration Radiographic assessment (Y/N 
AND partial (Pulp chamber is not vis-
ible and the canal is markedly 
narrowed but visible) or total (the 
pulp chamber and canal is hardly 
or not visible))

3. Small radices / short roots Radiographic assessment

DGI—Histological assessment Histological DGI Histological examination [60]
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Table 4  (continued)

Domain Outcome measure Measuring instruments

OI specific oral health Shell teeth Clinical and radiographic assesment

Tooth agenesis TAC (Tooth Agenesis Code) [70]
Hypodontia/oligodontia
Registration of the number and speci-
fication of teeth congenitally absent
[22, 71]

Taurodontism Radiographic assessment (first molars) 
(Y/N) [12, 69]

Pulpal stones Radiographic assessment (Y/N)

Permanent molar eruption (impac-
tion or retention)

Relevant if it occurs in association 
with DGI and/or aberrant craniofacial 
development/malocclusion (Y/N 
in association with DGI and/or aber-
rant craniofacial development/maloc-
clusion)
Clinical and radiographic assessment. 
Categorizing by categories:
1. Developing tooth
2. Normal eruption
3. Mesioangular impaction of maxil-
lary molar
4. Retention of maxillary molar (not 
erupting, no physical obstacles I erup-
tion pathway)
5. Impaction of mandibular molar 
(due to ectopic position or an obsta-
cle)
6. Retention of mandibular molar 
(not erupting, no physical obstacles 
in eruption pathway)
[72, 73]

Molar‑incisor‑hypomineralisation EAPD classification [74]

Other anomalies Clinical and/or radiographic assess-
ment

Craniofacial / Orthodontics Sagittal incisal relationship Clinical assessment (overjet in mm 
OR maxillary overjet (> 5 mm) Y/N 
and mandibular overjet (= 0 mm 
or < 0 mm) (Y/N) [75]

Vertical incisal relationship Clinical assessment (assesment 
of overbite in mm OR anterior open 
bite (< 0 mm) Y/N and deep bite 
(> 4 mm) Y/N)

Sagittal molar occlusion Clinical assessment (occlusion accord-
ing to Angle classification)

Vertical molar occlusion Clinical assessment (lateral open bite 
in molar region Y/N)

Vertical molar occlusion Clinical assessment (lateral open bite 
in premolar region Y/N)

Transversal molar occlusion Clinical assessment (crossbite Y/N? 
Crossbite uni- or bilateral)

Orthodontic diagnosis Radiographic assessment? (ortho-
pantomography, cephalometry, Cone 
beam CT)

Occlusion and aesthetics ICON (Index of Complexity, Outcome 
and Need) [76]

Orthodontic treatment prioriy IOTN (index on treatment need 
and indication of why the treatment 
need existst) [77]
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recommendation that was considered not to be part of 
the set but too important to be neglected, was also made. 
This recommendation was included based on acceptance 
for inclusion by 10 out of 12 experts (> 80%). The recom-
mended set of outcome measures and measuring instru-
ments is represented in Table 5.

Clinician‑related outcome measures (CROMS)
The project team recommended to measure general oral 
health and OI-specific oral health items.

General oral health
General oral health is recommended to be measured as 
the number of decayed, missing and filled teeth (DMFT 
for permanent dentition and dmft for deciduous teeth) 
and the periodontal health with the screening tools of 
Basic Periodontal Examination (BPE) and Community 
Periodontal Index (CPI) [34–36]. In addition, plaque 
score was included in the assessment of general oral 
health [37]. Recommended frequency for recording of 
DMFT was in conjoint with every routine examination 
but at least every second year, and dmft in the primary 
or mixed dentition at least at age 3, 6 and 13  years. In 
addition, consensus was reached for the need to record 
reasons for the “filled” as either: (1) Tooth wear and/or 
chipping and/or fracture (non-cariogenic tooth substance 
loss), (2) Caries and (3) Unknown aetiology. The reasons 
behind the DMFT/dmft numbers were considered more 
important and indicative for specific oral problems, than 
the absolute number.

Measuring periodontal health by Basic Periodontal 
Evaluation (BPE) from age 7 at every routine examina-
tion, was recommended.

OI‑specific oral health
Measurement of OI-specific oral health was divided into 
5 items: DGI, other (dental) anomalies, items related to 
occlusion, tooth wear, and OI-related medical contra-
indications or barriers regarding dental treatment.

Dentinogenesis imperfecta
The presence (yes/no) of DGI should be recorded, based 
on clinical and/or radiographic indicators [38]. As the 
presence of DGI does not change with time, but the 
expressivity may differ significantly between the primary 
and permanent dentition, two baseline assessments were 
recommended: first for the primary dentition between 3 
and 6 years of age at latest, and second in the permanent 
dentition, when all the permanent teeth except for wis-
dom teeth, are present [12].

Other dental anomalies
Other dental anomalies or relevant dental findings 
should be recorded. Special emphasis should be put on 
presence of tooth agenesis, shell teeth (as an early sign 
of DGI before obliteration of the pulp), taurodontism, 
ectopic permanent second molars (impaction/retention) 
and ectopic eruption of first molars, as these anomalies 
are more prevalent in individuals with OI compared to 
the general population [9, 11, 12, 22, 39].

Table 4  (continued)

Domain Outcome measure Measuring instruments

PROMs

Pain and dysfunction Pain, temporomandibular disorders, 
orofacial pain and dysfunction

DC/TMD [78, 79]
3 questions TMD screening [48, 49]
MFIQ [80]

OHRQoL/ aesthetics Oral function COHIP-SF 19 [81]
CPQ [46, 47, 82]
OHIP-49 [45]
OHIP-14 [83]
according to PROMS AI (SP)
[84]

Aesthetics OES (Orofacial Esthetic Scale) [85, 86] 

Burden of (dental) treatment No. of appointments, duration, patient 
perception

Dental anxiety Anxiety (related to dental treatment) CEDAM [87]
MCDAS [88, 89]
Single question with VAS [90]

Accessibility to dental treatment
(input focus groups)

–
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Occlusion
Malocclusion is a common finding in individuals with 
OI. With regard to occlusion, measurement of horizon-
tal overjet and vertical overbite is recommended, as well 
as recording the presence of possible open bite, crossbite, 
ectopic eruption of teeth and/or other occlusal deviation 
[40, 41].

Tooth wear
Consensus was reached on the relevance of the assess-
ment of tooth wear in individuals with OI. Little evidence 
is available, but tooth wear in combination with DGI 
with accompanying risk for chipping and fractures and 
the compromised condition of dentin, was presumed to 
be an important factor in tooth prognosis. No consensus 
was reached on the index that should be used. However, 
recommendation included identification of the presence 
of pathological (i.e. non-physiological) tooth wear by 
recording: (1) Yes; (2) Possibly; (3) No/physiological. As 
no consensus could be reached, it was recommended to 
make use of the appropriate methods suitable for the spe-
cific situation in the individual patient. The use of indi-
ces, photographs, study casts, digital 3D datasets, clinical 
examination and anamnestic information can be part of 
that.

OI‑related medical contra‑indications or barriers 
with regard to dental treatment
Prior to dental procedures or treatment, clinical assess-
ment and history taking should be performed. Medical 
contra-indications or barriers should be recorded. Espe-
cially medical treatment with bisphosphonates is con-
sidered relevant. If bisphosphonates are used, start and 
end date should be recorded. The reason is the potential 
effects of bisphosphonates on tooth movement in ortho-
dontic treatment, tooth development and medication-
related osteonecrosis of the jaw (MRONJ) [42–44].

Patient‑reported outcome measures (PROMs)
It was recommended to measure oral health-related qual-
ity of life by CPQ8-10 at age 8, CPQ11-14 at age 11 and 
OHIP-49 starting at age 15, every 5 years [45–47].

Consensus was reached on measuring (screening) tem-
poromandibular disorders (TMD), by 3 screening ques-
tions (3Q/TMD) [48–50]. Screening was recommended 
to be performed annually starting age 10, and above 
19 years with an interval of 2 years.

The Delphi results on ‘anxiety’ were inconclusive. Dis-
cussion on this topic led to no views on this topic and 
anxiety was not included in the final set.

Recommendation
The importance of assessment of basilar invagination 
or impression was acknowledged in several discussion 
meetings. Basilar invagination is a serious co-morbidity 
of OI that may cause life-threatening compression of 
medulla and cervical spine [51–53]. Lateral skull radio-
graphs, Conebeam CT (CBCT), or MR/CT-images used 
for dental/orthodontic assessment (cephalometrics) can 
reveal asymptomatic cranial base pathologies [52, 54]. 
However, no consensus could be reached on inclusion 
and especially measuring methods of BI in this set of oral 
health-related outcome measures. In the final Delphi, 
consensus was reached on the following recommenda-
tion: If radiographic scans (CBCT or Cephalometric radi-
ographs) are obtained or already exist in patient records, 
the dentist has a responsibility that in case any anomalies 
or pathologies are observed, to refer the patient to a radi-
ologist with relevant competence for assessment of crani-
ocervical pathology.

Discussion
In this Delphi consensus study, we developed a standard 
set of outcome measures and measuring instruments on 
oral health and occlusion in individuals with OI, which 
can be implemented by healthcare professionals all over 
the world. The standard set of outcome measures pro-
posed in this study enables the assessment and com-
parison of relevant dental and oral health problems. In 
addition, systematic implementation of a standard set of 
outcome measures by oral healthcare professionals can 
facilitate future research on dental and oral health prob-
lems in people with OI.

At present, several centers providing care for individu-
als with OI have established consensus guidelines on the 
use of bisphosphonate therapy, physical rehabilitation 
and surgical management of fractures [55–57]. This is 
the first oral health-focused guideline project that incor-
porates patient-reported outcome measures into clini-
cian-related outcome measures reviewed by a panel of 
individuals with OI and an international group of experts.

Although not included in the Delphi rounds, it is 
important to note that an oral hygiene inventory should 
be conducted for all patients during each visit. A consist-
ent daily oral hygiene routine has a substantial impact 
on individual’s oral health and affects the other outcome 
variables. The frequency of routine examination was not 
included in the standard set. The authors acknowledge 
that regular follow-up on an individually based frequency 
is of importance, especially when factors are present that 
may hamper oral health such as a more severe phenotype.

In people with OI, especially when multiple health 
issues are present, assessment of the oral health may not 
obtain highest priority [58]. However, the outcome of 
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the focus groups sessions emphasized the importance of 
dental and oral problems as well as the impact they have 
on everyday life, especially when oral functional impair-
ments or esthetic problems are present. Focus group 
discussions stated that dental problems and oral health-
related concerns can be left underestimated and that oral 
health professionals may appear reluctant to act on them. 
The absence of universal treatment guidelines, limited 
scientific evidence and knowledge, and limited clinical 
experience in a rare disorder like OI may contribute to 
this reluctance [59].

Previous studies have demonstrated that the dental 
concerns of children and adolescents with OI affect func-
tional and socio-emotional well-being and thereby oral 
health-related quality of life [24, 27]. This emphasizes the 
relevance of adequate attention for oral health and oral 
health-related well-being, in individuals with OI.

Strengths and limitations
A strength of this study is that the consensus statements 
were based on input from both focus groups and oral 
healthcare providers. The input from the focus groups 
formed the basis for the set of outcome measures. More-
over, the selection of the specific measuring instrument 
for assessment of oral health-related quality of life, was 
derived from the focus groups input. The oral healthcare 
providers, all have a special interest in OI and covered 
different areas of specialties of dentistry relevant for full 
assessment in complex dental/oral conditions. The par-
ticipation of two patient experts, both professionals in 
healthcare, was considered very valuable. The geographic 
representation of the experts can be considered a limita-
tion: the expert team involved professionals from Europe, 
North America and Asia but none from Africa, Oce-
ania, or South America. Another limitation of the study 
is that a certain degree of computer skills was required 
to attend the focus group sessions possibly affecting the 
group composition. Illiterate people and children were 
not represented. It is possible that those individuals with 
OI, who experience oral health-related problems were 
more prone to participate in the focus groups. This pos-
sible sampling bias can be also considered a strength of 
the study as it could be speculated to result in addressing 
of the relevant dental problems. However, it might also 
imply a biased view on the dental problems when people 
without dental problems or positive experience did not 
participate.

Two of the priority items mentioned in the focus group 
sessions, were not selected as an outcome measure by the 
oral health professionals. Both ignorance of dentists and 
affordability of dental treatment were rejected based on 
discussion in the expert team sessions, due to lack of uni-
versal methods to measure them for global comparison. 

Nevertheless, these items are highly important to people 
with OI.

To date, no OI specific questionnaire exists for Oral 
Health. Hence, the assessments included in the standard 
set are not validated for OI. OI is a very heterogeneous 
disorder and the prevalence is low. Therefore, to develop 
and implement a validated OI specific questionnaire for 
Oral Health in OI would be very challenging. The fact 
that the disorder is unknown for most oral health profes-
sionals emphasizes the importance of our study in rais-
ing awareness and understanding of oral health issues 
associated with OI. This study aimed to do this initially 
using validated non-OI specific questionnaires, as this 
this approach is scientifically more sound in the short 
and mid-term. In the long term, developing an OI-spe-
cific validated questionnaire is certainly a topic for future 
research. DGI may be diagnosed by clinical, radiographic 
and/or histologic findings. In cases of no obvious clini-
cal or radiographic findings, a histologic examination of 
an exfoliated or therapeutically extracted tooth may still 
reveal dentin anomalies associated with DGI [12, 60]. 
Based on this extensive phenotypic heterogeneity (clini-
cally, radiographically, histologically), the expert group 
discussion led to the suggestion for a more comprehen-
sive classification of OI-related DGI. This would facilitate 
diagnosis and increase the basis for well-founded treat-
ment guidelines. However, the opportunity for histologi-
cal examination differs between countries. Based on this, 
the expert group considered it as not being part of the 
minimum standard outcome set. The need for a classifi-
cation of OI-related DGI was acknowledged but consid-
ered beyond the scope of this study.

At present, no OI-specific tooth wear index exists that 
would take into consideration the presence and effect of 
DGI. In individuals with OI and DGI, the enamel fre-
quently chips from the affected dentin leading to tooth 
fractures [61]. There is no gold standard in assessment of 
tooth wear. Although recommendations exist on identifi-
cation and treatment of pathological tooth wear, it might 
not be suitable for use in people with DGI [62, 63].

The recommended frequency for recording of DMFT 
was in conjoint with every routine examination but 
at least every second year, and dmft in the primary or 
mixed dentition at least at age 3, 6, and 13 years. In case 
of adults without registrations and when the cause of 
missing teeth is not remembered, the adjusted decayed 
and filled teeth (ADFT) can be applied, to overcome this 
problem [59, 64].

In the final set of outcome measures and measuring 
instruments both measurement of horizontal overjet and 
mandibular overjet are included. Mandibular overjet can 
be interpreted and measured as a negative horizontal 
overjet (frequently seen in OI) as well. The same accounts 
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for vertical overbite and anterior open bite: the latter can 
be measured as a negative vertical overbite.

The validated OHIP-49 questionnaire on oral health 
related quality of life was included in our standard set, 
instead of the more compact OHIP-14. This choice was 
based on the suggestion of the patient experts in our pro-
ject team, with argumentation that the questions in this 
more comprehensive version reflected more of the issues 
that people with OI encounter. Both instruments are vali-
dated on the oral health related quality of life. If a more 
efficient tool for a quick assessment is required, OHIP-14 
may be sufficient.

The use of a validated questionnaire to evaluate treat-
ment will provide essential information on the impact of 
specific interventions. However, this was not included in 
this standard set.

‘Pain’ was mentioned as a top-priority item, during 
the focus group sessions. Participants mentioned tooth 
and jaw pain, but also earache. Pain is complex and can 
have multiple causes and other factors may contribute to, 
amplify or interfere with pain sensation. Without further 
specification and assessment of the pain, it was difficult 
to address it. In dentistry most common origins of pain 
are odontogenic pain (dental pain, pain of the teeth or 
surrounding tissues) or pain related to temporomandibu-
lar dysfunction.

A limitation of this study is the lack of children focus 
groups. Focus groups can successfully include children. 
However, it also creates challenges with e.g. need of 
adaptations based on maturity and age of the included 
children. Moreover, ensuring a comfortable and safe 
environment for children to express their opinions 
despite the power imbalances between adults and partici-
pants is of outmost importance. These issues need special 
competence of the investigating team with care taken to 
required considerations. The team stresses the impor-
tance of future studies investigating variables of impor-
tance for children’s oral health related quality of life. 
Children focus groups would then be of significant value.

The authors acknowledge that in this study not all 
continents and countries were represented. The pro-
ject initiators reached out to any known expert who 
had published about the topic, any expert center world-
wide and any expert known to the patient organiza-
tions. Many experts have very small populations and 
their interest was often not significant enough to join 
the project or despite interest there were competing 
priorities as OI was only one out of many disorders 
they supported. The authors recognize that it is most 
essential that dentists are aware of OI and the conse-
quences for oral health. It should also be underlined 
that there is a need of continuing networking to expand 

the knowledge of available expert teams and to enhance 
the collaborations between countries in the oral health 
care in OI, but also in other rare diseases.

Conclusion
In this Delphi consensus study, a standard set of out-
come measures and measuring instruments was devel-
oped for identification of prioritized oral health-related 
problems in OI. It is recommended to be implemented 
by dental practitioners in order to standardize and 
equalize the dental care in children and adults with OI. 
The minimum set of outcome measures ensures fea-
sibility of use and requires only limited time from the 
clinician.

The use of a standardized set of outcome measures 
and measuring instruments will also facilitate future 
research and collaboration.

This is a first important step in composing a stand-
ard for OI specific oral healthcare. Further research and 
collaboration are necessary to identify and specify the 
oro-dental symptoms and problems of people with OI 
in broader perspective and eventually compose treat-
ment guidelines, in order to improve the quality of care 
and oral health-related quality of life in individuals with 
osteogenesis imperfecta.

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s13023-​024-​03308-5.

Supplementary Material 1

Author contributions
LB, HA, AA, SC, HG, RJ, ML, DM, SP, JMR, TS, LZ, KA. The project was initiated 
by DM. DM organized the online meetings of the Delphi study, led the three 
focus group sessions, facilitated and hosted the Delphi rounds, analysed the 
results of the Delphi rounds. TS and SC participated in the focus groups. SC 
summarized the outcomes of these sessions with consent of participants of 
the focus groups. Authors LB, HA, AA, HG, RJ, ML, SP, JMR, LZ and KA collected 
and read articles, related to oral health and occlusion relevant for osteogenesis 
imperfecta and derived possible outcome measures and measuring instru-
ments from this. Authors LB, HA, AA, SC, HG, RJ, ML, SP, JMR, TS, LZ and KA 
participated in the Delphi rounds. LB was penholder during the process. LB 
and KA interpreted the results of the Delphi rounds and LB, KA and DM formu-
lated the statements of the following Delphi round. LB, HA and KA drafted the 
manuscript. All authors, LB, HA, AA, SC, HG, RJ, ML, DM, SP, JMR, TS, LZ and KA 
read and approved the final manuscript.

Funding
The project was done for the most part as a volunteer effort of all parties 
involved. Limited funding was provided by the not-for-profit Care4BrittleBones 
foundation based on crowdfunding in the OI-community (no funding from 
industry). The funder had no involvement in analysis and interpretation of 
data.

Availability of data and materials
All data generated or analysed during this study are included in this published 
article.

https://doi.org/10.1186/s13023-024-03308-5
https://doi.org/10.1186/s13023-024-03308-5


Page 14 of 16Blokland et al. Orphanet Journal of Rare Diseases          (2024) 19:294 

Declarations

Ethics approval and consent to participate
For the original Key4OI work an ethical review was conducted and confirmed 
that no ethical review was required for the development of outcome meas-
ures under this project.

Consent for publication
All authors read and approved the final manuscript.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Vogellanden, Center of Rehabilitation Medicine and Special Care in Dentistry, 
Zwolle, The Netherlands. 2 Department of Oral and Maxillofacial Diseases, 
University of Helsinki, Helsinki, Finland. 3 Helsinki University Hospital Head 
and Neck Center, Helsinki, Finland. 4 Whittington Health NHS Trust Dental 
Services, London, UK. 5 Care4BrittleBones Foundation, Wassenaar, The Nether-
lands. 6 Elkerliek Hospital, Helmond, The Netherlands. 7 Center for Oral Health 
in Rare Diseases, Department of Dental and Maxillofacial Surgery, Aarhus 
University Hospital, Aarhus, Denmark. 8 Department of Paediatric Dentistry, 
University of Bristol, Bristol, UK. 9 Department of Stomatology, The University 
of Hong Kong-Shenzhen Hospital, Shenzhen, China. 10 Department of Pae-
diatric Dentistry, UCL Eastman Dental Institute, London, UK. 11 Department 
of Molecular Genetics, Baylor School of Medicine, Houston, TX, USA. 12 ProRaris, 
Vuarrens, Switzerland. 13 Mun-H-Center, National Orofacial Resource Centre 
for Rare Diseases and Clinic of Pedodontics, Public Dental Service, Region 
Västra Götaland, Göteborg, Sweden. 14 Department of Pediatric Dentistry, 
Institute of Odontology, Sahlgrenska Academy, University of Gothenburg, 
Göteborg, Sweden. 15 Department of Dental Medicine, Division of Orthodon-
tics and Pediatric Dentistry, Karolinska Institutet and Center for Pediatric Oral 
Health Research, Stockholm, Sweden. 

Received: 18 October 2023   Accepted: 6 August 2024

References
	1.	 Marini JC, Forlino A, Bächinger HP, Bishop NJ, Byers PH, Paepe A, Fassier F, 

Fratzl-Zelman N, Kozloff KM, Krakow D, Montpetit K, Semler O. Osteogen-
esis imperfecta. Nat Rev Dis Primers. 2017;18(3):17052.

	2.	 Sillence DO, Rimoin DL, Danks DM. Clinical variability in osteogenesis 
imperfecta-variable expressivity or genetic heterogeneity. Birth Defects 
Orig Artic Ser. 1979;15(5B):113–29.

	3.	 Sykes B, Ogilvie D, Wordsworth P, Anderson J, Jones N. Osteogenesis 
imperfecta is linked to both type I collagen structural genes. Lancet. 
1986;2(8498):69–72.

	4.	 Wallis GA, Sykes B, Byers PH, Mathew CG, Viljoen D, Beighton P. Osteogen-
esis imperfecta type III: mutations in the type I collagen structural genes, 
COL1A1 and COL1A2, are not necessarily responsible. J Med Genet. 
1993;30(6):492–6.

	5.	 Marini JC, Forlino A, Cabral WA, Barnes AM, San Antonio JD, Milgrom 
S, Hyland JC, Körkkö J, Prockop DJ, De Paepe A, Coucke P, Symoens S, 
Glorieux FH, Roughley PJ, Lund AM, Kuurila-Svahn K, Hartikka H, Cohn DH, 
Krakow D, Mottes M, Schwarze U, Chen D, Yang K, Kuslich C, Troendle J, 
Dalgleish R, Byers PH. Consortium for osteogenesis imperfecta mutations 
in the helical domain of type I collagen: regions rich in lethal mutations 
align with collagen binding sites for integrins and proteoglycans. Hum 
Mutat. 2007;28(3):209–21.

	6.	 Van Dijk FS, Sillence DO. Osteogenesis imperfecta: clinical diag-
nosis, nomenclature and severity assessment. Am J Med Genet A. 
2014;164A(6):1470–81. Epub 2014 Apr 8. Erratum in: Am J Med Genet A. 
2015;167A(5):1178.

	7.	 Unger S, Ferreira CR, Mortier GR, Ali H, Bertola DR, Calder A, Cohn DH, 
Cormier-Daire V, Girisha KM, Hall C, Krakow D, Makitie O, Mundlos S, 
Nishimura G, Robertson SP, Savarirayan R, Sillence D, Simon M, Sut-
ton VR, Warman ML, Superti-Furga A. Nosology of genetic skeletal 

disorders: 2023 revision. Am J Med Genet A. 2023;191(5):1164–209. 
https://​doi.​org/​10.​1002/​ajmg.a.​63132. (Epub 2023 Feb 13).

	8.	 O’Connell AC, Marini JC. Evaluation of oral problems in an osteogen-
esis imperfecta population. Oral Surg Oral Med Oral Pathol Oral Radiol 
Endod. 1999;87(2):189–96.

	9.	 Malmgren B, Norgren S. Dental aberrations in children and adolescents 
with osteogenesis imperfecta. Acta Odontol Scand. 2002;60(2):65–71.

	10.	 Saeves R, Lande Wekre L, Ambjørnsen E, Axelsson S, Nordgarden H, 
Storhaug K. Oral findings in adults with osteogenesis imperfecta. Spec 
Care Dentist. 2009;29(2):102–8.

	11.	 Thuesen KJ, Gjørup H, Hald JD, Schmidt M, Harsløf T, Langdahl B, 
Haubek D. The dental perspective on osteogenesis imperfecta in a 
Danish adult population. BMC Oral Health. 2018;18(1):175.

	12.	 Andersson K, Dahllöf G, Lindahl K, Kindmark A, Grigelioniene G, Åström 
E, Malmgren B. Mutations in COL1A1 and COL1A2 and dental aber-
rations in children and adolescents with osteogenesis imperfecta: a 
retrospective cohort study. PLoS ONE. 2017;12(5): e0176466.

	13.	 Lukinmaa PL, Ranta H, Ranta K, Kaitila I. Dental findings in osteogenesis 
imperfecta: I. Occurrence and expression of type I dentinogenesis 
imperfecta. J Craniofac Genet Dev Biol. 1987;7(2):115–25.

	14.	 de La Dure-Molla M, Philippe Fournier B, Berdal A. Isolated dentinogen-
esis imperfecta and dentin dysplasia: revision of the classification. Eur J 
Hum Genet. 2015;23(4):445–51 (Epub 2014 Aug 13).

	15.	 Kim JW, Hu JC, Lee JI, Moon SK, Kim YJ, Jang KT, Lee SH, Kim CC, Hahn 
SH, Simmer JP. Mutational hot spot in the DSPP gene causing dentino-
genesis imperfecta type II. Hum Genet. 2005;116(3):186–91. https://​doi.​
org/​10.​1007/​s00439-​004-​1223-6. (Epub 2004 Dec 8).

	16.	 Beattie ML, Kim JW, Gong SG, Murdoch-Kinch CA, Simmer JP, Hu JC. 
Phenotypic variation in dentinogenesis imperfecta/dentin dysplasia 
linked to 4q21. J Dent Res. 2006;85(4):329–33.

	17.	 Barron MJ, McDonnell ST, Mackie I, Dixon MJ. Hereditary dentine 
disorders: dentinogenesis imperfecta and dentine dysplasia. Orphanet 
J Rare Dis. 2008;20(3):31.

	18.	 Andersson K, Malmgren B, Åström E, Dahllöf G. Dentinogenesis imper-
fecta type II in Swedish children and adolescents. Orphanet J Rare Dis. 
2018;13(1):145.

	19.	 Lukinmaa PL, Ranta H, Ranta K, Kaitila I, Hietanen J. Dental findings 
in osteogenesis imperfecta: II. Dysplastic and other developmental 
defects. J Craniofac Genet Dev Biol. 1987;7(2):127–35.

	20.	 Jensen BL, Lund AM. Osteogenesis imperfecta: clinical, cephalometric, 
and biochemical investigations of OI types I, III, and IV. J Craniofac 
Genet Dev Biol. 1997;17(3):121–32.

	21.	 Waltimo-Sirén J, Kolkka M, Pynnönen S, Kuurila K, Kaitila I, Kovero O. 
Craniofacial features in osteogenesis imperfecta: a cephalometric 
study. Am J Med Genet A. 2005;133A(2):142–50.

	22.	 Malmgren B, Andersson K, Lindahl K, Kindmark A, Grigelioniene G, 
Zachariadis V, Dahllöf G, Åström E. Tooth agenesis in osteogenesis 
imperfecta related to mutations in the collagen type I genes. Oral Dis. 
2017;23(1):42–9. https://​doi.​org/​10.​1111/​odi.​12568. (Epub 2016 Sep 
13).

	23.	 Gjørup H, Jacobsen PE, Hald JD, Haubek D. Craniofacial morphology in 
adults with osteogenesis imperfecta: a cross-sectional study. Orthod 
Craniofac Res. 2023;26(2):248–55 (Epub 2022 Sep 8).

	24.	 Najirad M, Ma MS, Rauch F, Sutton VR, Lee B, Retrouvey JM; Members 
of the BBD; Esfandiari S. Oral health-related quality of life in children 
and adolescents with osteogenesis imperfecta: cross-sectional study. 
Orphanet J Rare Dis. 2018;13(1):187.

	25.	 Najirad M, Madathil SA, Rauch F, Sutton VR, Lee B, Retrouvey JM; 
Members of the Brittle Bone Diseases Consortium; Esfandiari S. Maloc-
clusion traits and oral health-related quality of life in children with 
osteogenesis imperfecta: A cross-sectional study. J Am Dent Assoc. 
2020;151(7):480–490

	26.	 Gjørup H, Beck-Nielsen SS, Hald JD, Haubek D. Oral health-related quality 
of life in X-linked hypophosphataemia and osteogenesis imperfecta. J 
Oral Rehabil. 2021;48(2):160–8 (Epub 2020 Nov 19).

	27.	 Cachia Mintoff JM, Riddington M, Parekh S. Oral health-related quality 
of life in children with osteogenesis imperfecta. Eur Arch Paediatr Dent. 
2022;23(2):261–70.

	28.	 Williamson PR, Altman DG, Blazeby JM, Clarke M, Devane D, Gargon 
E, Tugwell P. Developing core outcome sets for clinical trials: issues to 
consider. Trials. 2012;6(13):132.

https://doi.org/10.1002/ajmg.a.63132
https://doi.org/10.1007/s00439-004-1223-6
https://doi.org/10.1007/s00439-004-1223-6
https://doi.org/10.1111/odi.12568


Page 15 of 16Blokland et al. Orphanet Journal of Rare Diseases          (2024) 19:294 	

	29.	 Rousseau M, Retrouvey JM, Members of the Brittle Bone Disease Consor-
tium. Osteogenesis imperfecta: potential therapeutic approaches. PeerJ. 
2018;17(6): e5464.

	30.	 Slade A, Isa F, Kyte D, Pankhurst T, Kerecuk L, Ferguson J, Lipkin G, Calvert 
M. Patient reported outcome measures in rare diseases: a narrative 
review. Orphanet J Rare Dis. 2018;13(1):61.

	31.	 Nijhuis W, Franken A, Ayers K, Damas C, Folkestad L, Forlino A, Fraschini P, 
Hill C, Janus G, Kruse R, Lande Wekre L, Michiels L, Montpetit K, Panzeri L, 
Porquet-Bordes V, Rauch F, Sakkers R, Salles JP, Semler O, Sun J, To M, Tosi 
L, Yao Y, Yeung EHK, Zhytnik L, Zillikens MC, Verhoef M. A standard set of 
outcome measures for the comprehensive assessment of osteogenesis 
imperfecta. Orphanet J Rare Dis. 2021;16(1):140.

	32.	 Boulkedid R, Abdoul H, Loustau M, Sibony O, Alberti C. Using and report-
ing the Delphi method for selecting healthcare quality indicators: a 
systematic review. PLoS ONE. 2011;6(6):e20476 (Epub 2011 Jun 9).

	33.	 Biggane AM, Williamson PR, Ravaud P, Young B. Participating in core out-
come set development via Delphi surveys: qualitative interviews provide 
pointers to inform guidance. BMJ Open. 2019;9(11): e032338.

	34.	 WHO. Oral health surveys: basic methods. 5th ed. Geneva: World Health 
Organization; 2014.

	35.	 BSP: The Basic Periodontal Examination (BPE). 2011 The British Society of 
Periodontology. Available at: http://​www.​bsper​io.​org.​uk/​publi​catio​ns/

	36.	 Cole E, Ray-Chaudhuri A, Vaidyanathan M, Johnson J, Sood S. Simplified 
basic periodontal examination (BPE) in children and adolescents: a guide 
for general dental practitioners. Dent Update. 2014;41(4):328–30.

	37.	 O’Leary TJ, Drake RB, Naylor JE. The plaque control record. J Periodontol. 
1972;43(1):38.

	38.	 Shields ED, Bixler D, El-Kafrawy AM. A proposed classification for heritable 
human dentine defects with a description of a new entity. Arch Oral Biol. 
1973;18(4):543–53.

	39.	 Andersson K, Malmgren B, Åström E, Nordgren A, Taylan F, Dahllöf G. 
Mutations in COL1A1/A2 and CREB3L1 are associated with oligodontia in 
osteogenesis imperfecta. Orphanet J Rare Dis. 2020;15(1):80.

	40.	 Rizkallah J, Schwartz S, Rauch F, Glorieux F, Vu DD, Muller K, Retrouvey JM. 
Evaluation of the severity of malocclusions in children affected by osteo-
genesis imperfecta with the peer assessment rating and discrepancy 
indexes. Am J Orthod Dentofac Orthop. 2013;143(3):336–41.

	41.	 Retrouvey JM, Taqi D, Tamimi F, Dagdeviren D, Glorieux FH, Lee B, 
Hazboun R, Krakow D, Sutton VR, Members of the BBD Consortium. Oro-
dental and cranio-facial characteristics of osteogenesis imperfecta type V. 
Eur J Med Genet. 2019;62(12):103606 (Epub 2018 Dec 26).

	42.	 Friedrich RE, Scheuer HA, Höltje W. The effect of bisphosphonate 
medication on orthodontics and orthognathic surgery in patients with 
osteogenesis imperfecta. GMS Interdiscip Plast Reconstr Surg DGPW. 
2019;8:Doc06.

	43.	 Contaldo M, Luzzi V, Ierardo G, Raimondo E, Boccellino M, Ferati K, Bex-
heti-Ferati A, Inchingolo F, Di Domenico M, Serpico R, Polimeni A, Bossù 
M. Bisphosphonate-related osteonecrosis of the jaws and dental surgery 
procedures in children and young people with osteogenesis imperfecta: 
a systematic review. J Stomatol Oral Maxillofac Surg. 2020;121(5):556–62 
(Epub 2020 Mar 7).

	44.	 Malmgren B, Thesleff I, Dahllöf G, Åström E, Tsilingaridis G. Abnormalities 
in tooth formation after early bisphosphonate treatment in children with 
osteogenesis imperfecta. Calcif Tissue Int. 2021;109(2):121–31 (Epub 
2021 Mar 20).

	45.	 Slade GD, Spencer AJ. Development and evaluation of the Oral Health 
Impact Profile. Community Dent Health. 1994;11(1):3–11.

	46.	 Jokovic A, Locker D, Stephens M, Kenny D, Tompson B, Guyatt G. Validity 
and reliability of a questionnaire for measuring child oral-health-related 
quality of life. J Dent Res. 2002;81(7):459–63.

	47.	 Jokovic A, Locker D, Tompson B, Guyatt G. Questionnaire for measuring 
oral health-related quality of life in eight- to ten-year-old children. Pediatr 
Dent. 2004;26(6):512–8.

	48.	 Lövgren A, Häggman-Henrikson B, Visscher CM, Lobbezoo F, Marklund S, 
Wänman A. Temporomandibular pain and jaw dysfunction at differ-
ent ages covering the lifespan: a population based study. Eur J Pain. 
2016;20(4):532–40 (Epub 2015 Aug 27).

	49.	 Lövgren A, Visscher CM, Häggman-Henrikson B, Lobbezoo F, Marklund S, 
Wänman A. Validity of three screening questions (3Q/TMD) in relation to 
the DC/TMD. J Oral Rehabil. 2016;43(10):729–36 (Epub 2016 Aug 30).

	50.	 Bendixen KH, Gjørup H, Baad-Hansen L, Dahl Hald J, Harsløf T, Schmidt 
MH, Langdahl BL, Haubek D. Temporomandibular disorders and psycho-
social status in osteogenesis imperfecta: a cross-sectional study. BMC Oral 
Health. 2018;18(1):35.

	51.	 Sawin PD, Menezes AH. Basilar invagination in osteogenesis imperfecta 
and related osteochondrodysplasias: medical and surgical management. 
J Neurosurg. 1997;86(6):950–60.

	52.	 Arponen H, Mäkitie O, Haukka J, Ranta H, Ekholm M, Mäyränpää MK, 
Kaitila I, Waltimo-Sirén J. Prevalence and natural course of craniocervical 
junction anomalies during growth in patients with osteogenesis imper-
fecta. J Bone Miner Res. 2012;27(5):1142–9.

	53.	 Arponen H, Vuorimies I, Haukka J, Valta H, Waltimo-Sirén J, Mäkitie O. 
Cranial base pathology in pediatric osteogenesis imperfecta patients 
treated with bisphosphonates. J Neurosurg Pediatr. 2015;15(3):313–20 
(Epub 2015 Jan 10).

	54.	 Reznikov N, Dagdeviren D, Tamimi F, Glorieux F, Rauch F, Retrouvey JM. 
Cone-beam computed tomography of osteogenesis imperfecta types III 
and IV: three-dimensional evaluation of craniofacial features and upper 
airways. JBMR Plus. 2019;3(6): e10124.

	55.	 Simm PJ, Biggin A, Zacharin MR, Rodda CP, Tham E, Siafarikas A, Jefferies 
C, Hofman PL, Jensen DE, Woodhead H, Brown J, Wheeler BJ, Brookes 
D, Lafferty A, Munns CF, APEG Bone Mineral Working Group. Consensus 
guidelines on the use of bisphosphonate therapy in children and adoles-
cents. J Paediatr Child Health. 2018;54(3):223–33.

	56.	 Mueller B, Engelbert R, Baratta-Ziska F, Bartels B, Blanc N, Brizola E, Fra-
schini P, Hill C, Marr C, Mills L, Montpetit K, Pacey V, Molina MR, Schuuring 
M, Verhille C, de Vries O, Yeung EHK, Semler O. Consensus statement on 
physical rehabilitation in children and adolescents with osteogenesis 
imperfecta. Orphanet J Rare Dis. 2018;13(1):158.

	57.	 Antoniazzi F, Mottes M, Fraschini P, et al. Osteogenesis Imperfecta. Paedi-
atr Drugs. 2000;2:465–88.

	58.	 Hald JD, Folkestad L, Swan CZ, Wanscher J, Schmidt M, Gjørup H, Haubek 
D, Leonhard CH, Larsen DA, Hjortdal JØ, Harsløf T, Duno M, Lund AM, 
Jensen JB, Brixen K, Langdahl B. Osteogenesis imperfecta and the teeth, 
eyes, and ears: a study of non-skeletal phenotypes in adults. Osteoporos 
Int. 2018;29(12):2781–9.

	59.	 Ma MS, Najirad M, Taqi D, Retrouvey JM, Tamimi F, Dagdeviren D, Glorieux 
FH, Lee B, Sutton VR, Rauch F, Esfandiari S. Caries prevalence and experi-
ence in individuals with osteogenesis imperfecta: a cross-sectional 
multicenter study. Spec Care Dentist. 2019;39(2):214–9 (Epub 2019 Feb 
13).

	60.	 Malmgren B, Lindskog S. Assessment of dysplastic dentin in osteogen-
esis imperfecta and dentinogenesis imperfecta. Acta Odontol Scand. 
2003;61(2):72–80.

	61.	 Majorana A, Bardellini E, Brunelli PC, Lacaita M, Cazzolla AP, Favia G. Denti-
nogenesis imperfecta in children with osteogenesis imperfecta: a clinical 
and ultrastructural study. Int J Paediatr Dent. 2010;20(2):112–8.

	62.	 Johansson A, Omar R. Identification and management of tooth wear. Int J 
Prosthodont. 1994;7(6):506–16.

	63.	 Loomans B, Opdam N, Attin T, Bartlett D, Edelhoff D, Frankenberger 
R, Benic G, Ramseyer S, Wetselaar P, Sterenborg B, Hickel R, Pallesen 
U, Mehta S, Banerji S, Lussi A, Wilson N. Severe tooth wear: European 
consensus statement on management guidelines. J Adhes Dent. 
2017;19(2):111–9.

	64.	 Ulseth JO, Hestnes A, Stovner LJ, Storhaug K. Dental caries and periodon-
titis in persons with Down syndrome. Spec Care Dentist. 1991;11(2):71–3.

	65.	 Bandyopadhyay D. From mouth-level to tooth-level DMFS: concep-
tualizing a theoretical framework. J Dent Oral Craniofac Epidemiol. 
2013;1(1):3–8.

	66.	 Ainamo J, Barmes D, Beagrie G, Cutress T, Martin J, Sardo-Infirri J. Develop-
ment of the World Health Organisation (WHO) community periodontal 
index of treatment needs (CPITN). Int Dent J. 1982;32:281–91.

	67.	 Baelum V, Papapanou PN. CPITN and the epidemiology of periodontal 
disease. Community Dent Oral Epidemiol. 1996;24:367–8.

	68.	 Bartlett D, Ganss C, Lussi A. Basic Erosive Wear Examination (BEWE): a 
new scoring system for scientific and clinical needs. Clin Oral Investig. 
2008;12(Suppl 1):S65–8 (Epub 2008 Jan 29).

	69.	 Smith BG, Knight JK. An index for measuring the wear of teeth. Br Dent J. 
1984;156(12):435–8.

	70.	 Van Wijk AJ, Tan SP. A numeric code for identifying patterns of human 
tooth agenesis: a new approach. Eur J Oral Sci. 2006;114(2):97–101.

http://www.bsperio.org.uk/publications/


Page 16 of 16Blokland et al. Orphanet Journal of Rare Diseases          (2024) 19:294 

	71.	 de La Dure-Molla M, Fournier BP, Manzanares MC, Acevedo AC, Hen-
nekam RC, Friedlander L, Boy-Lefèvre ML, Kerner S, Toupenay S, Garrec 
P, Vi-Fane B, Felizardo R, Berteretche MV, Jordan L, Ferré F, Clauss F, Jung 
S, de Chalendar M, Troester S, Kawczynski M, Chaloyard J; International 
Group of Dental Nomenclature; Manière MC, Berdal A, Bloch-Zupan A. 
Elements of morphology: standard terminology for the teeth and clas-
sifying genetic dental disorders. Am J Med Genet A. 2019;179(10):1913–
1981. Epub 2019 Aug 29.

	72.	 Raghoebar GM, Boering G, Vissink A, Stegenga B. Eruption disturbances 
of permanent molars: a review. J Oral Pathol Med. 1991;20(4):159–66.

	73.	 Hennessy J, Al-Awadhi EA, Dwyer LO, Leith R. Treatment of ectopic first 
permanent molar teeth. Dent Update. 2012;39(9):656–8.

	74.	 Verheij KL, Duggal M, Mejàre I, Papagiannoulis L, Koch G, Martens LC, Hal-
lonsten AL. Judgement criteria for molar incisor hypomineralisation (MIH) 
in epidemiologic studies: a summary of the European meeting on MIH 
held in Athens, 2003. Eur J Paediatr Dent. 2003;4(3):110–3.

	75.	 Kinaan BK. Overjet and overbite distribution and correlation: a compara-
tive epidemiological English-Iraqi study. Br J Orthod. 1986;13(2):79–86.

	76.	 Daniels C, Richmond S. The development of the index of complexity, 
outcome and need (ICON). J Orthod. 2000;27(2):149–62. https://​doi.​org/​
10.​1093/​ortho/​27.2.​149.

	77.	 Brook PH, Shaw WC. The development of an index of orthodontic treat-
ment priority. Eur J Orthod. 1989;11(3):309–20.

	78.	 Schiffman E, Ohrbach R, Truelove E, Look J, Anderson G, Goulet JP, List 
T, Svensson P, Gonzalez Y, Lobbezoo F, Michelotti A, Brooks SL, Ceusters 
W, Drangsholt M, Ettlin D, Gaul C, Goldberg LJ, Haythornthwaite JA, 
Hollender L, Jensen R, John MT, De Laat A, de Leeuw R, Maixner W, van 
der Meulen M, Murray GM, Nixdorf DR, Palla S, Petersson A, Pionchon 
P, Smith B, Visscher CM, Zakrzewska J, Dworkin SF; International RDC/
TMD Consortium Network, International association for Dental Research; 
Orofacial Pain Special Interest Group, International Association for the 
Study of Pain. Diagnostic Criteria for Temporomandibular Disorders (DC/
TMD) for Clinical and Research Applications: recommendations of the 
International RDC/TMD Consortium Network* and Orofacial Pain Special 
Interest Group†. J Oral Facial Pain Headache. 2014 Winter;28(1):6–27.

	79.	 Rongo R, Ekberg E, Nilsson IM, Al-Khotani A, Alstergren P, Conti PCR, Dur-
ham J, Goulet JP, Hirsch C, Kalaykova SI, Kapos FP, Komiyama O, Koutris M, 
List T, Lobbezoo F, Ohrbach R, Peck CC, Restrepo C, Rodrigues MJ, Sharma 
S, Svensson P, Visscher CM, Wahlund K, Michelotti A. Diagnostic criteria for 
temporomandibular disorders (DC/TMD) for children and adolescents: an 
international Delphi study-Part 1-Development of Axis I. J Oral Rehabil. 
2021;48(7):836–45 (Epub 2021 May 19).

	80.	 Stegenga B, de Bont LG, de Leeuw R, Boering G. Assessment of man-
dibular function impairment associated with temporomandibular joint 
osteoarthrosis and internal derangement. J Orofac Pain. 1993;7(2):183–95.

	81.	 Broder HL, Wilson-Genderson M, Sischo L. Reliability and validity testing 
for the Child Oral Health Impact Profile-Reduced (COHIP-SF 19). J Public 
Health Dent. 2012;72(4):302–12. Epub 2012 Apr 27. Erratum in: J Public 
Health Dent. 2013 Winter;73(1):86.

	82.	 Do LG, Spencer AJ. Evaluation of oral health-related quality of life 
questionnaires in a general child population. Community Dent Health. 
2008;25(4):205–10.

	83.	 Slade GD. Derivation and validation of a short-form oral health impact 
profile. Community Dent Oral Epidemiol. 1997;25(4):284–90.

	84.	 Gilchrist F, Rodd H, Deery C, Marshman Z. Assessment of the quality of 
measures of child oral health-related quality of life. BMC Oral Health. 
2014;23(14):40.

	85.	 Larsson P, John MT, Nilner K, Bondemark L, List T. Development of an 
Orofacial Esthetic Scale in prosthodontic patients. Int J Prosthodont. 
2010;23(3):249–56.

	86.	 Larsson P, John MT, Nilner K, List T. Reliability and validity of the 
Orofacial Esthetic Scale in prosthodontic patients. Int J Prosthodont. 
2010;23(3):257–62.

	87.	 Porritt J, Morgan A, Rodd H, Gupta E, Gilchrist F, Baker S, Newton T, 
Creswell C, Williams C, Marshman Z. Development and evaluation of the 
children’s experiences of dental anxiety measure. Int J Paediatr Dent. 
2018;28(2):140–51 (Epub 2017 Jul 29).

	88.	 Wong HM, Humphris GM, Lee GT. Preliminary validation and reliability 
of the Modified Child Dental Anxiety Scale. Psychol Rep. 1998;83(3 Pt 
2):1179–86.

	89.	 Howard KE, Freeman R. Reliability and validity of a faces version of the 
Modified Child Dental Anxiety Scale. Int J Paediatr Dent. 2007;17(4):281–8.

	90.	 Al-Namankany A, de Souza M, Ashley P. Evidence-based dentistry: analy-
sis of dental anxiety scales for children. Br Dent J. 2012;212(5):219–22.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1093/ortho/27.2.149
https://doi.org/10.1093/ortho/27.2.149

	A standard set of outcome measures for the comprehensive assessment of oral health and occlusion in individuals with osteogenesis imperfecta
	Abstract 
	Background 
	Results 
	Conclusions 

	Background
	Methods
	Participants of the project team
	Initiation of the project
	Literature review
	Focus groups
	Consensus: Delphi rounds

	Results
	Literature review and expert opinionclinical experience
	Focus groups
	Selection of outcome measures and measuring instruments

	Clinician-related outcome measures (CROMS)
	General oral health
	OI-specific oral health
	Dentinogenesis imperfecta
	Other dental anomalies
	Occlusion
	Tooth wear
	OI-related medical contra-indications or barriers with regard to dental treatment

	Patient-reported outcome measures (PROMs)
	Recommendation
	Discussion
	Strengths and limitations

	Conclusion
	References


