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Review title 1 

Association between developmental coordination disorder or low motor 2 
competence, and risk of impaired bone health across the lifespan: protocol for a systematic 3 
review and meta-analysis 4 
 5 

Abstract 6 

Objective: This systematic review will assess the association between developmental coordination 7 

disorder and low motor competence, and impairments in bone health across the lifespan.  8 

 9 

Introduction: Individuals with developmental coordination disorder tend to have a pattern of physical 10 

activity associated with bone health impairments. Preliminary studies have found impairments on 11 

bone health measures, including fractures, throughout the lifespan with potential public health 12 

ramifications. As studies in this area are of small samples across wide age ranges, no comprehensive 13 

picture of bone health in this group has been formed, hindering action. A systematic review is needed 14 

to determine the potential risk of bone impairment in this population. 15 

 16 

Inclusion criteria: Studies that assess the relationship between developmental coordination 17 

disorder/low motor competence and bone health, regardless of measures used, will be included in the 18 

review. There will be no exclusions based on region, study design, or participant demographic 19 

characteristics. 20 

 21 

Methods: Published studies and gray literature will be searched, with no limits on publication date or 22 

language. Assessment of studies for inclusion, as well as data extraction, will be performed by two 23 

reviewers, with data cross checked for accuracy. Studies will be appraised using the appropriate JBI 24 

tool for the study design. Data to be extracted include unadjusted results and effect sizes for bone 25 

health measures. A narrative synthesis will be performed and if there is a sufficient number of studies, 26 

a meta-analysis using the same outcome measures will be performed on odds ratios of abnormal 27 

bone phenotype and fracture in this population.  28 

 29 

Systematic review registration number: PROSPERO CRD42020167301 30 

 31 

 32 
Keywords: bone density; bone strength; developmental disabilities; motor control; movement 33 
coordination 34 
 35 

Abstract word count: 249 36 

Total manuscript word count:  2499  37 
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Introduction <level 1 heading> 38 
Developmental coordination disorder (DCD) is a neurodevelopmental disorder involving deficits in the 39 

acquisition and performance of coordinated motor skills throughout the lifespan1. The condition is 40 

estimated to affect 5% of the population worldwide, with diagnosis more common in males2. 41 

According to the Diagnostic and Statistical Manual of Mental Disorders, 5th edition,1 the diagnostic 42 

criteria for DCD specify that acquisition and execution of motor skills are significantly below what is 43 

expected given the individual’s age and skill learning opportunities (criterion A), which consequently 44 

have an ongoing significant impact on age-appropriate daily living activities, leisure, education, or 45 

employment (criterion B).1 As impairments with motor skills can occur due to inactivity and medical 46 

conditions, the diagnostic criteria specify that motor deficits must present early in development 47 

(criterion C) and be beyond what can be explained by conditions affecting motor skills such as 48 

intellectual disability, visual impairment, or neurological conditions affecting movement (eg, cerebral 49 

palsy) (criterion D)1. Due to low diagnosis rates, research on DCD often includes researcher 50 

assessment of a participant’s ability to meet diagnostic criteria, with low motor competence (LMC)—a 51 

more general term for motor skill difficulty3—being used when the full diagnostic criteria have not been 52 

assessed4.  53 

 54 

Due to their motor skill deficits, individuals with DCD tend to have low levels of physical activity from a 55 

very early age continuing throughout the lifespan2. This is particularly applicable for diverse and high-56 

intensity physical activity2,5,6. This pattern of physical activity has been linked to impairments in bone 57 

health development in other populations7-9. Bone health is a dynamic system impacted by a number 58 

of factors such as genetics, hormones, and nutrition, alongside physical activity8. Some of these 59 

conditions occur more commonly in individuals reported to have DCD, either due to a common 60 

causative pathway, such as prematurity and low birth weight10, or due to classification of other 61 

intrinsic movement difficulties as DCD2. Preliminary studies in this area have found an impairment in 62 

bone health in individuals with DCD on a variety of bone health measures across age groups11-15. 63 

Studies in the pediatric population have found impairments in overall bone health, measured indirectly 64 

via skeletal age14 and directly via bone mineral density15. Extended cohort studies in an adolescent 65 

population have consistently found decreased bone health measures by peripheral quantitative 66 

computed tomography,11-13 and the only known study in the adult population found decreased bone 67 

mineral density in the hip,16 indicating that this continues through the lifespan. However, current 68 

research in this area has contained small samples, broad age ranges, and mixed definitions of DCD 69 

and LMC, making it difficult to draw a comprehensive picture. 70 

 71 

A comprehensive understanding of impaired bone health in this population is necessary, as there is 72 

potential for profound ramifications for health. Individuals with DCD have a high fall occurrence,13,17 73 

which, combined with impaired bone health, substantially increases the risk of osteoporotic fracture. 74 

Studies in adolescent DCD populations have found an increased fracture rate compared to population 75 

norms13, which could be reasonably projected to continue into adulthood.  Given the high prevlance of 76 

DCD in this population, there are public health ramifications if a higher rate of bone health impairment 77 
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is found in this group. As such, this review may be useful for creating clinical guidelines for bone 78 

density screening. It is likely, however, that the greatest interest will be in association with treatment 79 

priorities in pediatric groups, particularly for allied health professionals. Evidence collected by the 80 

identification of key gaps in empirical evidence will assist in focusing future research.   81 

 82 

The objective of this review is to assess the association between DCD, and more generally LMC, and 83 

bone health measures across the lifespan. It aims to do this by determining if the incidence and extent  84 

of impaired bone health among DCD and LMC subgroups is greater than seen in the general population. 85 

A prelimary search for previous systematic reviews on the topic in PROSPERO, Cochrane Library, and 86 

JBI Database of Systematic Reviews and Implementation Reports determined that no other systematic 87 

reviews on this topic have been performed. 88 

 89 

Review question <level 1 heading> 90 
What is the association between developmental coordination disorder/low motor competence and 91 

impairment of bone health across the lifespan? 92 

 93 

Inclusion criteria <level 1 heading> 94 
Participants <level 2 heading> 95 
All human studies that include a bone health outcome in a DCD/LMC population will be considered, 96 

with no restriction based on sample region, age, or sex. Due to the impact of movement limitations on 97 

bone health, studies that predominantly include a population with a condition that could be predicted to 98 

substantially limit movement, such as cerebral palsy, arthritis, or intellectual disabilities (eg, Rett 99 

syndrome), will be excluded from analysis unless movement levels are specified to be within normal 100 

ranges. Similarly, studies will be excluded if they predominantly include a population with health 101 

conditions that have a documented direct effect on bone. Examples of bone-affecting conditions 102 

including genetic conditions (eg, osteogenesis imperfecta), hormonal conditions (eg, premature 103 

menopause), and conditions affecting nutrient absorption (eg, celiac disease, inflammatory bowel 104 

disease). If the effect of the condition on bone is unclear, the opinions of two bone experts will be 105 

sought, with a third bone expert to arbitrate if consensus is not reached. Anti-osteoporotic medication 106 

is the only medication whose use is exclusionary.  107 

 108 

Exposure  <level 2 heading> 109 
The presence of DCD may be identified via a clinical diagnosis or an assessment of the Diagnostic and 110 

Statistical Manual of Mental Disorders, 5th edition, diagnostic criteria1. Using the recommendations of 111 

Geuze et al.18, studies will be assessed to determine if they contain a DCD or LMC population, with 112 

those that meet all diagnostic criteria being classified as DCD and those that do not meet criterion C or 113 

D as LMC. Studies that do not demonstrate an impairment in age-appropriate motor skills that impacts 114 

daily living, as per criterion A and B1, will be excluded. If it is not clear from the study whether the 115 

diagnostic criteria are fulfilled, the study’s authors will be contacted. If authors are uncontactable or non-116 

responsive, the classification of the group will be determined in consultation with two known experts in 117 

DCD. Where consensus is not reached, a third DCD expert will adjudicate.   118 
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 119 

Outcome <level 2 heading> 120 
Studies including a measurement known to be an indicator of bone health will be included in the review. 121 

This will include direct measurement via dual-energy X-ray absorptiometry, peripheral quantitative 122 

computed tomography, quantitative ultrasound, and skeletal or bone age, as well as indirect 123 

measurements, such as bone biomarkers and fracture incidence rates.   124 

 125 

Types of studies <level 2 heading> 126 
Study designs to be included, based on Guyatt et al.19 and JBI methodology,20 are cohort series 127 

(prospective and retrospective), case-control studies, cross-sectional studies, case series, and case 128 

reports. Experimental study designs, such as randomized controlled trials, will be included for baseline 129 

measurements only. Cross-sectional studies will be included regardless of the presence of a 130 

comparator population, as measurements may be compared to population norms. Similarly, 131 

experimental study designs will be included regardless of whether they include a non-DCD/LMC 132 

comparator group. Information about the presence and type of comparator population will be recorded 133 

and sensitivity analyses performed, if appropriate. 134 

 135 

Methods <level 1 heading> 136 

The protocol will be performed in accordance with JBI methodology for systematic reviews of etiology 137 

and risk.20 This protocol has been registered with the PROSPERO (CRD42020167301). 138 

 139 

Search strategy <level 2 heading> 140 
The search strategy is designed to locate published and unpublished studies. An initial search of 141 

PubMed and ScienceDirect was undertaken to identify articles on the topic. Search terms were 142 

derived using keywords from titles and abstracts of located articles and index terms to create a search 143 

strategy. This will be adapted to each database, and initial limited searches were run to identify any 144 

further additional keywords. An example search conducted in PubMed is presented in Appendix I. 145 

Reference lists of included studies will be examined to identify additional studies. Authors of major 146 

studies will be contacted for unpublished studies. Forward citation searching will be conducted using 147 

Scopus. If necessary, after a review of search results and study reference lists, search terms will be 148 

updated.   149 

The following databases will be searched from inception until present:  PubMed (Ovid), Embase (Ovid), 150 

Cochrane Central Register of Controlled Trials (Cochrane Library), Informit Health Collection (Informit 151 

Online), and ScienceDirect (Elsevier).  152 

Gray literature will be examined for unpublished data via Google Scholar and  WorldWideScience as 153 

well as searching the following electronic databases: OpenGrey, Trove, Digital Commons Network, 154 

Networked Digital Library of Theses and Dissertations, WorldCat (restricted to theses), DART-Europe 155 

E-theses portal, EThOS, and Scopus. In addition, the following conference websites will be searched: 156 

American Society for Bone and Mineral Research, International Conference on Children’s Bone Health, 157 
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National Conference on Developmental Coordination Disorder (UK), and the International Conference 158 

on Developmental Coordination Disorder. 159 

There is no limitation based on language or publication date; databases will be searched from inception 160 

until present. Studies in languages other than English will be translated as required. 161 

 162 

Study selection <level 2 heading> 163 
Following the search, duplicates will be removed using EndNote X9 (Clarivate Analytics, PA, USA) 164 

and all remaining articles will be uploaded to Rayyan (Qatar Computing Research Institute, Doha, 165 

Qatar)21 for screening. Two reviewers will independently examine the titles and abstracts for reference 166 

to motor competence and bone measurements, which will be sufficient to justify full-text screening. 167 

The full texts of the relevant articles will be reviewed independently for fulfilment of inclusion criteria, 168 

and non-qualifying studies removed. Disagreements as to the inclusion of articles will be resolved via 169 

discussion and then by third author arbitration. Exclusion reasons for full-text articles will be 170 

documented and reported in the review. The process of study selection will be detailed in a flow 171 

diagram as per Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) 172 

guidelines.22 173 

 174 

Assessment of methodological quality <level 2 heading> 175 
Bias will be assessed for each study at the study level using the appropriate JBI critical appraisal 176 

checklist for each study design by two independent reviewers, with third author arbitration for disputes.20 177 

Any identified bias that may reflect the cumulative evidence will be reported in the results. Critical 178 

appraisal results will  be reported in a table for all studies highlighting the strengths and weakness of 179 

each study and how this affects the validity of the study’s findings. Given the expected small number of 180 

studies in this area, studies will not be excluded from analysis based on study quality; however, the 181 

decision to perform meta-analysis will include consideration of level of bias. Meta-analysis will not be 182 

conducted if most of the studies show a high level of bias (bias on more than half of measures, bias not 183 

justifiable based on study design). Subgroup and sensitivity analyses will be performed to explore the 184 

impact of the level of study bias. If there are more than 10 studies included in the meta-analysis, 185 

publication and selective reporting bias will be formally tested using funnel plot asymmetry.   186 

 187 

Data extraction <level 2 heading> 188 

Data will be extracted by two reviewers following a prescribed data extraction form in Appendix II. This 189 

has been modified from the JBI data extraction form for systematic reviews of etiology and risk20 to 190 

include motor competence measures and individual outcomes, as effect measures were considered 191 

unlikely to be in all studies. Data will be extracted into MS Excel (Redmond, Washington, USA) and  192 

cross-checked. Discrepancies will be discussed and referred to a third party should disagreement 193 

remain.   194 

Items extracted will include the diagnostic assessment method, motor impairment measures, measures 195 

of bone health, and those required for sensitivity analysis (eg, medication use). Unadjusted results will 196 
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be extracted as will effect size, if present. Study authors will be contacted to obtain any missing 197 

information. 198 

Given the small number of research projects in this area, care will be taken to avoid multiple reports 199 

from the same study cohort being included. To assist in this, data will be extracted on the authors, 200 

institution, dates of data collection, and ethical approval details.  If it is considered likely that reports are 201 

from the same study, the study author will be contacted. Multiple reports by the same study group will 202 

be linked for inclusion in the study. Data extraction will otherwise be performed as per the Cochrane 203 

Handbook for Systematic Reviews of Interventions.23 and JBI methodology.20 204 

 205 

Data synthesis <level 2 heading> 206 

A narrative synthesis will be performed as per JBI methodology for etiology and risk,20 and reported in 207 

accordance with PRISMA reporting guidelines. This will include a description of the clinical and 208 

methodological characteristics of the studies, including evidence of bias and the plausible impact of any 209 

other outcomes reported (e.g. physical activity levels). Patterns across studies will be explained, 210 

including any heterogeneity between studies, particularly between DCD and LMC populations and for 211 

age-based differences. Quantitative data, including point and interval estimates, with effect sizes 212 

presented as counts for dichotomous data and mean differences for continuous data, will be included 213 

in the narrative summary and graphs used for study comparison.  214 

If two or more studies are identified of having low bias with the same outcome measure, a meta-analysis 215 

will be performed. Odds ratios of abnormal bone phenotype and fracture will be pooled for meta-216 

analyses. If odds ratios are not presented in the text, they will be calculated where possible. Incidence 217 

of abnormal bone phenotype will be calculated when absent using the methodology described in 218 

Bekkering et al24 . Abnormal bone phenotype will be considered present when results are more than 219 

one standard deviation below reference scores for the relevant tool and population, in keeping with 220 

World Health Organization recommendations25. Heterogeneity will be assessed visually and using the 221 

I2 statistic. Both the Mantel-Haenszel fixed effects method and the DerSimonian and Laird random 222 

effects method will be used for meta-analyses, with the random effects model being reported if there 223 

are sufficient events and funnel plot shows no asymmetry23. If events are considered rare, the Maentel-224 

Haneszel model will be used23. If considerable heterogeneity is present, only a narrative synthesis will 225 

be presented.  226 

Subgroup analyses will be done via stratification on a DCD versus a LMC population, and by age group. 227 

For age analyses, studies will be classified based on the primary age group present, as defined by the 228 

mean and 95% confidence interval, based on established trajectories of bone health parameters26,27 229 

into a pediatric (primary age group up to age 12 years), adolescent (12 to 25 years) and adult (older 230 

than 25 years). If possible, adults will be further classified as being between 25 to 40 years of age and 231 

older than 40 years. Sensitivity analyses will be performed as required, for example, to examine the 232 

effects of excluding studies based on sample size or to compare between fixed and random effects 233 

models .  234 
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If there are insufficient studies for meta-analysis, vote counting will be used to determine evidence of 235 

an effect and its direction. Statistical significance and size of effect will not be considered. The impact 236 

will be visualized using harvest plots, with studies weighted using the inverse-variance method. 237 

 238 

Assessing certainty in the findings <level 2 heading> 239 
Quality of evidence will be assessed using a modified Grading of Recommendation, Assessment, 240 

Development and Evaluation (GRADE) approach for prognostic studies as defined by Huguet et al.28 241 

and a Summary of findings created using GRADEpro GDT (McMaster University, ON, Canada). The 242 

Summary of Findings will include the absolute risk for DCD/LMC populations, relative risk estimate, 243 

and a ranking of the quality of the evidence. Assessment of bias and quality will be done by two 244 

assessors working independently who will meet to discuss the results for final appraisal. If agreement 245 

cannot be reached, a decision will be referred to an independent third party. A narrative summary will 246 

be provided of the overall methodological quality of the included studies. 247 
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Acknowledgments 249 
Lydia Dawe, librarian at the Univeristy of Notre Dame, Fremantle, for guidance on the search strategy. 250 

This review will contribute towards a PhD for JT. 251 

 252 

Funding 253 

This systematic review is not directly funded. JT is supported by a Western Australian Bone Research 254 

Collaboration (WABRC) doctoral scholarship. NHH is supported by a Postdoctoral Research Fellowship 255 

with Cancer Council of Western Australia. Funders do not have input onto content development.  256 

 257 

Conflicts of interest 258 

The authors declare no conflict of interest. 259 

 260 

 261 

  262 



Page 8 of 14 

 

References 263 

1. American Psychiatric Association. Neurodevelopmental disorders. In: Diagnostic and statistical 264 

manual of mental disorders [internet]. Arlington, VA: American Psychiatric Association; 2013 265 

[cited 2020 Mar 3]. Available from: https://doi.org/10.1176/appi.books.9780890425596.dsm01. 266 

2. Blank R, Barnett AL, Cairney J, Green D, Kirby A, Polatajko H, et al. International clinical 267 

practice recommendations on the definition, diagnosis, assessment, intervention, and 268 

psychosocial aspects of developmental coordination disorder. Dev Med Child Neurol. 269 

2019;61(3):242-85. 270 

3. Barnett LM, Lai SK, Veldman SLC, Hardy LL, Cliff DP, Morgan PJ, et al. Correlates of gross 271 

motor competence in children and adolescents: a systematic review and meta-analysis. Sports 272 

Med. 2016;46(11):1663-88. 273 

4. Zwicker JG, Harris SR, Klassen AF. Quality of life domains affected in children with 274 

developmental coordination disorder: a systematic review. Child Care Health Dev. 275 

2013;39(4):562-80. 276 

5. Rivilis I, Hay J, Cairney J, Klentrou P, Liu J, Faught BE. Physical activity and fitness in children 277 

with developmental coordination disorder: a systematic review. Res Dev Disabil. 2011;32(3):894-278 

910. 279 

6. Hands B, Larkin D. Physical fitness and developmental coordination disorder. In: Cermak SA, 280 

Dawne L, editors. Developmental coordination disorder. Albany, NY: Delmar; 2002. p. 172-83. 281 

7. Hart NH, Nimphius S, Rantalainen T, Ireland A, Siafarikas A, Newton RU. Mechanical basis of 282 

bone strength: influence of bone material, bone structure and muscle action. J Musculoskelet 283 

Neuronal Interact. 2017;17(3):114-39. 284 

8. Ireland A, Muthuri S, Rittweger J, Adams J, Ward K, Kuh D, et al. Later age at onset of 285 

independent walking is associated with lower bone strength at fracture-prone sites in older men. J 286 

Bone Miner Res. 2017;32(6): 1209-1217. 287 

9. Tan V, Macdonald H, Kim S, Nettlefold L, Gabel L, Ashe M, et al. Influence of physical activity 288 

on bone strength in children and adolescents: a systematic review and narrative synthesis. J 289 

Bone Miner Res. 2014; 29(10): 2161-2181. 290 

10. Zwicker J, Yoon S, MacKay M, Petrie-Thomas J, Rogers M, Synnes A. Perinatal and neonatal 291 

predictors of developmental coordination disorder in very low birthweight children. Arch Dis Child. 292 

2013; 98(2): 1118-1222. 293 

11. Jenkins M, Hart NH, Nimphius S, Chivers P, Rantalainen T, Rothacker KM, et al. 294 

Characterisation of peripheral bone mineral density in youth at risk of secondary osteoporosis - a 295 

preliminary insight. J Musculoskelet Neuronal Interact. 2020;20(1):27-52. 296 

12. Chivers P, Rantalainen T, McIntyre F, Hands B, Weeks B, Beck B, et al. Suboptimal bone 297 

status for adolescents with low motor competence and developmental coordination disorder: it's 298 

sex specific. Res Dev Disabil. 2019;84:57-65. 299 

13. Hands B, Chivers P, McIntyre F, Bervenotti FC, Blee T, Beeson B, et al. Peripheral 300 

quantitative computed tomography (pQCT) reveals low bone mineral density in adolescents with 301 

motor difficulties. Osteoporos Int. 2015;26(6):1809-18. 302 

https://doi.org/10.1176/appi.books.9780890425596.dsm01


Page 9 of 14 

 

14. Tsang W, Guo X, Fong S, Mak K, Pang M. Activity participation intensity is associated with 303 

skeletal development in pre-pubertal children with developmental coordination disorder. Res Dev 304 

Disabil. 2012; 33(6): 1898-1904. 305 

15. Fong S, Vackova D, Choi A, Cheng Y, Yam T, et al. Diversity of activity participation 306 

determines bone mineral content in the lower limbs of pre-pubertal children with developmental 307 

coordination disorder. Osteoporos Int. 2018; 29(4): 917-925. 308 

16. Cantell M, Crawford SG, Tish Doyle-Baker PK. Physical fitness and health indices in children, 309 

adolescents and adults with high or low motor competence. Hum Mov Sci. 2008; 27(2): 344-362. 310 

17. Scott-Roberts S, Purcell C. Understanding the functional mobility of adults with developmental 311 

coordination disorder (DCD) through the international classification of functioning (ICF). Curr Dev 312 

Disord Rep. 2018;5(1):26-33. 313 

18. Geuze RH, Schoemaker MM, Smits-Engelsman BCM. Clinical and research criteria for 314 

developmental coordination disorder—should they be one and the same? Curr Dev Disord Rep. 315 

2015;2(2):127-30.  316 

19. Guyatt GH, Sackett DL, Sinclair JC, Hayward R, Cook DJ, Cook RJ. Users’ guides to the 317 

medical literature. IX. A method for grading health care recommendations. JAMA. 318 

1995;274(22):1800-1804. 319 

20. Moola S, Munn Z, Tufanaru C, Aromataris E, Sears K, Sfetcu R, et al. Chapter 7: Systematic 320 

reviews of etiology and risk. In: Aromataris E, Munn Z, editors. JBI Reviewer's Manual [Internet]. 321 

Adelaide: JBI; 2017 [cited 2020 Mar 3]. Available from: https://reviewersmanual.joannabriggs.org/   322 

21. Ouzzani M, Hammady H, Fedorowicz Z, Elmagarmid A. Rayyan-a web and mobile app for 323 

systematic reviews. Syst Rev. 2016;5(1):210. 324 

22. Moher D, Liberati A, Tetzlaff J, Altman DG; the PRISMA Group. Preferred reporting items for 325 

systematic reviews and meta-analyses: the PRISMA statement. PLoS Med 2009;6(7): e1000097.  326 

23. Higgins JPT, Thomas J, Chandler J, Cumpston M, Li T, Page MJ, et al., editors. Cochrane 327 

handbook for systematic reviews of interventions version 6.0 [internet] Chichester (UK): John 328 

Wiley & Sons; 2019 [cited 2020 Jul 29]  Available 329 

from: https://training.cochrane.org/handbook/current 330 

24. Bekkering GE, Harris RJ, Thomas S, Mayer AM, Beynon R, Ness AR, et al. 2008 How much 331 

of the data published in observational studies of the association between diet and prostate or 332 

bladder cancer is usable for meta-analysis? Am J Epidemiol 2008;167(9): 1017-1026.  333 

25. World Health Organization. WHO scientific group on the assessment of osteoporosis at 334 

primary health care level meeting report. Brussels (Belgium): 2004. 13 p. 335 

26. Nilsson M, Ohlsson C, Odén A, Mellström D, Lorentzon M. Increased physical activity is 336 

associated with enhanced development of peak bone mass in men: a five‐year longitudinal study. 337 

J Bone Miner Res. 2012;27(5):1206-14. 338 

27. Matkovic V, Jelic T, Wardlaw GM, Ilich JZ, Goel PK, Wright JK, et al. Timing of peak bone 339 

mass in Caucasian females and its implication for the prevention of osteoporosis. Inference from 340 

a cross-sectional model. J Clin Invest. 1994;93(2):799-808. 341 



Page 10 of 14 

 

28. Huguet A, Hayden JA, Stinson J, McGrath PJ, Chambers CT, Tougas ME, et al. Judging the 342 

quality of evidence in reviews of prognostic factor research: adapting the GRADE framework. Syst 343 

Rev. 2013;2:71. 344 

 345 
 346 
  347 



Page 11 of 14 

 

Appendix I: Search strategy 348 

PubMed (National Library of Medicine). Search conducted on 23 June 2020. 349 
 350 

Search  Query Records 
retrieved 

#1 "Bone and Bones"[mh:exp] OR "bone density"[MeSH Terms] 
OR "fractures, bone"[MeSH Terms] OR ("osteoporosis, 
postmenopausal"[MeSH Terms] OR "osteoporosis"[MeSH 
Terms]) OR "age determination by skeleton"[MeSH Terms] OR 
"tomography, x-ray computed"[MeSH Terms] OR "Bone 
health"[tw] OR "osteoporosis"[tw] OR ("bone"[tw] AND 
"density"[tw]) OR ("bone"[tw] AND "mineral"[tw] AND 
"content"[tw]) OR ("fractures"[tw] AND "bone"[tw]) OR 
("bone"[tw] AND "fracture"[tw]) OR "age determination by 
skeleton"[MeSH Terms] OR ("age"[tw] AND "skeleton"[tw]) OR 
"age determination by skeleton"[tw] OR "bone mineral 
density"[tw] OR (Skeletal[tw] AND "growth"[tw] AND 
"development"[tw])  

1,192,153 

 

#2 "motor skills disorders"[MeSH Terms:exp] OR "apraxias"[MeSH 
Terms] OR "movement disorders"[MeSH Terms:exp] OR 
"developmental disabilities"[MeSH Terms:exp] OR "learning 
disabilities"[MeSH Terms:exp] OR "psychomotor 
disorders"[MeSH Terms] OR "motor skills"[MeSH Terms:exp] 
OR "motor activity/physiopathology"[Mesh Terms] OR 
("motor"[tw] AND "skills"[tw] AND "disorders"[tw]) OR 
("developmental"[tw] AND "coordination"[tw] AND "disorder"[tw]) 
OR "motor competence"[tw] OR Clumsiness[tw] OR 
"apraxias"[tw] OR "dyspraxia"[tw] OR (Motor[tw] AND 
difficulties[tw]) OR ("learning"[tw]) AND difficulties[tw]) OR 
"physical awkwardness"[tw] OR "ataxia"[MeSH Terms] OR 
"ataxia"[tw] OR ("coordination"[tw] AND "disorder"[tw]) OR 
("coordination"[tw] AND "impairment"[tw]) OR "specific 
developmental disorder of motor function"[tw] OR 
(motorically[tw] AND awkward[tw]) OR "minimal cerebral 
dysfunction"[tw] OR ("minimal"[tw] AND "brain"[tw] AND 
"dysfunction"[tw])  OR ("motor"[tw] AND "control"[tw]) 

229,982 

 

#3 #1 AND #2 5900 

Limited to humans 5661 

 351 

  352 
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Appendix II: Data extraction table  353 

 354 

Study details Variable 

Reviewer  

Study ID/record number  

Date  

Study title  

Authors  

Year  

Journal  

Institution name  

Aim of the study  

Methods  

Motor competence terminology  

Setting (eg, clinical, general population, rural, 
urban) 

 

Location  

Study design  

Date of data collection  

Duration of data collection  

Ethical approval  

Method of data analysis  

Participants  

Recruitment procedure used  

Tool used to measure DSM-5 criterion A 
(impairment of motor skills) 

 

Tool used to measure DSM-5 criterion B 
(impact on daily living) 

 

Tool used to assess DSM-5 criterion C (onset 
in early development) 

 

Tool used to assess DSM-5 criterion D (not 
better explained by comorbidities) 

 

Total number of participants  

Age characteristics  

Sex characteristics  

Pubertal stage (if applicable)  

Motor skill measure (mean, standard 
deviation, 95% confidence interval) 

 

Mean score on daily living measure (mean, 
standard deviation, 95% confidence interval) 

 

Comorbidities  
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Comparison group  

Presence  

Criteria  

Age characteristics  

Sex characteristics  

Pubertal stage (if applicable)  

Outcomes  

Tool used for measurement of bone health  

Body area assessed  

Primary outcome measures  

Secondary outcome measures  

Unit of measurement  

Other factors measured (include tool used and 
units of measurement) 

 

Results  

Risk ratio/relative risk/odds ratio of impaired 
bone health 
P value and 95% confidence interval 

 

Individual outcome measures 

 Estimate of effect with confidence 
interval 

 Standard error of effect  

 P value 

 

Other outcome measure (eg, physical activity 
levels, body mass index, muscle density, 
muscle size, cardiorespiratory fitness 
measures) 

 Estimate of effect with confidence 
interval 

 Standard error of effect  

 Pvalue 

 

Effect measures (risk ratio, relative risk ratio, 
odds ratio) 

 

Results of any subgroup analysis  

Bias  

Presence of incomplete outcome data  

Selective outcome reporting  

Any other bias concerns, such as funding  

Miscellaneous  

Key conclusion of study authors  

Miscellaneous comments from the study 
authors 

 

Any other information necessary for analysis 
of the quality of the study 

 

Any other comments  
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