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ABSTRACT

Objective: The aims of this study were to explore (i) the joint hypermobility, proprioception, and 
developmental functioning in toddlers born preterm, (ii) differences in the proprioception and 
developmental functioning between toddlers with and without joint hypermobility, and (iii) the 
relationship between them.

Materials and Methods: One hundred twelve toddlers born preterm between 24 and 42 months 
of age were included in this observational study. Beighton Score for joint hypermobility assess-
ment and the Bayley Scales of Infant and Toddler Development, Third Edition (Bayley-III) for 
developmental functioning were applied in all toddlers born preterm; however, propriocep-
tion assessment could be applied on 55 of 112 (49.11%) toddlers born preterm due to lack of 
cooperation.

Results: Of 112 toddlers, 30 (26.79%) had joint hypermobility. There were no differences in coop-
eration rate (P = .629) and success rate (P = .887) in the proprioception assessment between 
toddlers with and without joint hypermobility (55 toddlers born preterm), which is similar to the 
cognitive domain (P = .430), language domain (P = .062), and motor domain (P = .619) in the 
Bayley-III. Additionally, none of them were related to each other (P > .05).

Conclusion: Our study findings showed that joint hypermobility has no effect on propriocep-
tion and motor development in toddlers born preterm between 24 and 42 months of age, and 
there is no relationship between them. The possibility of these results might be that movement 
repetition and not only proprioception but also other sensory systems could be important in this 
early period of life.
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INTRODUCTION

Preterm birth is defined as births before 37 completed weeks of gestation,1 and which 
increases the risk of health problems, including morbidities in the early period of life and 
developmental problems in the long term.2,3 When studies on long-term developmental 
outcomes were examined, infants born preterm had a higher risk of cognitive problems, 
language problems, and sensory processing difficulties, in addition to motor problems.4-6 
Williams et al4 reported that motor impairment was reported in 40.5% for mild–moderate 
impairment and 19% for moderate impairment in the children born preterm who were not 
diagnosed with cerebral palsy. Romeo et al7 also found that low motor performance was 
higher in children born preterm who had joint hypermobility than children born preterm 
without joint hypermobility, another important finding was that these children later achieved 
independent walking.

Joint hypermobility is defined as a higher than normal range of movement in a single joint or 
generalized8,9 and is called asymptomatic hypermobility when it is observed as an isolated 
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What is already known 
on this topic?
• Joint hypermobility is common 

in the children born preterm. It 
was known that joint hypermo-
bility could affect propriocep-
tion and motor development 
in children, and all of them 
related to each of them; how-
ever, there is limited research 
on toddlers.

What this study adds on 
this topic?
• A total of 26.79% of the tod-

dlers born preterm had joint 
hypermobility, and the most 
frequently occurring joint 
hypermobility item was “pas-
sive dorsiflexion of the ankle.” 
It was seen that there were no 
differences in the propriocep-
tion findings, including both 
cooperation rate and success 
rate, and developmental func-
tioning outcomes, including 
cognitive, language, and motor 
development, according to joint 
hypermobility in toddlers born 
preterm. Additionally, there 
was no relationship between 
assessment findings as pairs.
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phenomenon from musculoskeletal symptoms, such as pain 
or soft-tissue rheumatism.10 The prevalence of asymptomatic 
hypermobility in the children until 20 years of age was found 
to range from 1.8% to 64.6% in several studies, depending on 
inclusion criteria such as Beighton total score,11-14 and preva-
lence decreased with age.14 Furthermore, Romeo et al7 also 
reported 20% joint hypermobility in the preschool children born 
preterm.

Although joint hypermobility might be an advantage in some 
sports, such as ballet,15 studies reported that joint hypermobility 
was associated with poor proprioception sense in the healthy 
individuals and children,16-18 as well as gross motor develop-
mental delay in the children born preterm.7 Proprioception is 
complex system that derives from mechanoreceptors in the 
muscle, joint capsule, tendon, ligaments, and cutaneous tac-
tile receptors,16 and this system has an important role in motor 
control, motor coordination, and motor planning.19 Jiang et al20 
reported that proprioception was also associated with gross 
motor development in children between 3 and 6 years of age. 
In other words, motor development might be affected by not 
only joint hypermobility but also proprioception.7,20

Motor development is described as adaptive, which is also 
affected by environment and experience, and increasing grad-
ually complex movement sequences.21 Previous studies showed 
that children with risk factors, such as preterm birth, were at 
risk for motor developmental delay.22,23 Developmental func-
tioning, including the language and cognitive development, 
was related to motor development.24,25

Interestingly, although differences which are caused by joint 
hypermobility are seen in the childhood, findings explored that 
there were no differences in motor performance and physical 
activity level in later age like adolescents with and without joint 
hypermobility.26 Therefore, it is important to examine the joint 
hypermobility, proprioception, and developmental functioning 
in toddlers born preterm and compare the proprioception and 
developmental functioning results by separating the toddlers 
born preterm with and without joint hypermobility.

This study aimed to (i) investigate the joint hypermobility, pro-
prioception, and developmental functioning in toddlers born 
preterm, (ii) compare proprioception and developmental func-
tioning between toddlers born preterm with and without joint 
hypermobility, and (iii) explore the relationship among joint 
hypermobility and proprioception, joint hypermobility and 
developmental functioning, and proprioception and develop-
mental functioning.

MATERIALS AND METHODS

Study Design and Participants
One hundred twelve toddlers born preterm, admitted to 
the Developmental and Early Physiotherapy Unit, Faculty of 
Physical Therapy and Rehabilitation, Hacettepe University, 
Ankara, Turkey, were included in this cross-sectional study 
between July and October 2022. The inclusion criteria were: 
(i) born preterm, (ii) be between 24 and 42 months of age, 
and (iii) not having neurologic, genetic, or metabolic disorder. 
Infants who had any risk factor, such as preterm birth, small for 
gestational age, or intracranial hemorrhage, are followed by 

both our unit and different department after discharge from 
the neonatal intensive care unit until about school age. Among 
these, infants who met the inclusion criteria were invited in this 
study. Post hoc power calculation for the differences in the 
motor development of the Bayley Scales of Infant and Toddler 
Development, Third Edition (Bayley-III) between groups with 
and without joint hypermobility showed that the study had 
higher than 99% power using G*Power 3.1.

Written informed consent was obtained from the parents of 
all infants. This study was approved by the Non-interventional 
Clinical Research Ethics Board, Hacettepe University (GO 
22/675).

Measurements
The following measurement methods were performed on the 
same day by 2 experienced physiotherapists who have been 
working in pediatrics field in our unit, which was designed for 
children and made them feel comfortable.

Joint Hypermobility Assessment
The revised version of the Beighton Score was applied for 
assessing the joint hypermobility.7,12 It comprises the following 
5 subcategories (bilateral testing):

1. Passive dorsiflexion of the fifth metacarpophalangeal 
joint. Score is positive if ≥90°,

2. Passive hyperextension of the elbow. Score is positive if 
≥10°,

3. Passive hyperextension of the knee. Score is positive if 
≥10°,

4. Passive apposition of the thumb to the flexor side of the 
forearm, while shoulder is 90° flexed, elbow extended, 
and hand pronated. Score is positive if the whole thumb 
touches the flexor side of the forearm, and

5. Passive dorsiflexion of the ankle joint bilaterally. Score is 
positive when the angle is >30°.7,12

All items were applied both right and left side and took only 
5-10 minutes. If the item determines as positive, 1 point was 
given.7,12 The total score ranged from 0 (absence of joint hyper-
mobility) to 10 (joint hypermobility on all items bilaterally).7,12 A 
cut-off score ≥4 was used to identify joint laxity.27

Proprioception Assessment
Joint position sense testing was performed according to Gray 
et al.28 First, the examiner put a sticker on finger of toddler 
while playing with the toddler with eyes open. The toddler was 
allowed take sticker or play with it. After this process, the exam-
iner put again a sticker on finger of toddler, but this time tod-
dlers’ eyes were closed with parent’s hand, and the toddler’s 
arm was moved by the examiner. The toddler was asked to find 
the sticker with their free hand.28 The test was repeated at least 
3 times upper and lower extremities both right and left side if 
a toddler cooperated (cooperation rate >0%). The whole test 
process took around 10-20 minutes depending on the coopera-
tion level of the toddlers born preterm. It has been seen that 
proprioception assessment is more difficult to perform in these 
group because of cooperation problems due to nature of this 
age group, especially as the age gets younger. For this reason, 
we could not apply proprioception assessment to some of tod-
dlers born preterm (50.89%).
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Cooperation rate (total hits + total misses/total trials), and suc-
cess rate (total hits/total hits + total misses) were calculated for 
each toddler born preterm.28 Additionally, if toddler born pre-
term hits the sticker less than 50% (cooperation rate > 0%), this 
test is called abnormal test.

Developmental Functioning Assessment
All toddlers born preterm were examined for developmental 
functioning using the Bayley-III between 24 and 42 months 
of age by certified assessor. The composite scores for each 
domain of Bayley-III were calculated. The Bayley-III took 
approximately 60-90 minutes to complete, although it depends 
on the age of toddlers.

The Bayley-III scale is one of the most widely used for assess-
ing the developmental functioning in the early period of life. It 
consists of the 3 domains: cognitive, language (receptive and 
expressive), and motor (fine and gross).29 The raw score of 
each 3 domains is converted into a scaled score (a mean of 10 
and a SD of 3), and then composite scores (a mean of 100 and 
a SD of 15) are calculated for cognitive, language, and motor 
scales.29 A composite index score below 70 (i.e., <2 SD) in these 
3 domains indicates severe developmental delay.29

Statistical analysis
The Statistical Package for Social Sciences Software for 
Macintosh, version 25.0 (IBM corp., Armonk, NY, USA) was 
performed for statistical analysis. The normal distribution of 
the variables was evaluated using analytical methods (e.g., 
Kolmogorov–Smirnov test) and visual (e.g., histograms, prob-
ability plots) to determine whether or not they are normally 
distributed. Nonparametric tests were conducted when the 
variables were not normally distributed. Descriptive analyses 
were presented using mean ± SD and median (min-max) for 
continuous variables and using n (%) for nominal variables. The 
assessment results in the between groups were compared using 
the Mann–Whitney U-test for continuous variables (e.g., suc-
cess rate of proprioception assessment). A P-value of less than 
.05 was considered statistically significant for all tests. For the 
analyses of relationships, we used the Spearman correlation 
coefficient (2-tailed). The value of the correlation coefficient 
was classified as 0.90 to 1.00 very high correlation, 0.70 to 0.89 

high correlation, 0.50 to 0.69 moderate correlation, 0.30 to 
0.49 low correlation, and 0.00 to 0.29 little if any correlation.30

RESULTS

The clinical characteristics of 112 toddlers born preterm are 
presented in Table 1.

Joint Hypermobility Assessment
Of 112 toddlers born preterm, 30 (26.79%) were found to have 
joint hypermobility, the total score suggested joint hypermobil-
ity (total score ≥4). The total Beighton score ranged between 
0 and 10 (mean 2.87 ± 1.92) in all toddlers born preterm. The 
most frequently occurring joint hypermobility’ item was “pas-
sive dorsiflexion of the ankle” (95%). “Passive dorsiflexion of the 
fifth metacarpophalangeal joint” (8%), “passive hyperexten-
sion of the elbow” (13.4%), “passive hyperextension of the knee” 
(9%), and “passive apposition of the thumb to the flexor side of 
the forearm” (16%) were observed bilaterally in less than half of 
them. Score 0 was present in 4 (3.57%) toddlers born preterm.

Proprioception Assessment Findings
Proprioception assessment was performed in 55 of 112 (49.11%) 
toddlers born preterm, while 57 (50.89%) toddlers born pre-
term did not cooperate (cooperation rate = 0). The cooperation 
rate ranged between 0.375 and 1 (mean 0.96 ± 0.13), while the 

Table 1. Clinical Characteristics of Toddlers Born Preterm
All Toddlers Born Preterm (n = 112)

Female n (%) 57 (50.9)
Birth weight, grams Mean ± SD 1751.63 ± 647.03

Median (min-max) 1750 (420-4330)
Gestational age, weeks Mean ± SD 31.83 ± 3.24

Median (min-max) 33 (23-36)
Assessment age at 
toddler, months

Mean ± SD 30.61 ± 4.97
Median (min-max) 29.5 (24-42)

Height, cm Mean ± SD 89.13 ± 5.51
Median (min-max) 89 (77-105)

Weight, kg Mean ± SD 12.82 ± 2.12
Median (min-max) 12.5 (9-18)

Table 2. Bayley-III Composite Score and Proprioception Assessment in Toddlers Born Preterm
Toddlers With Joint 

Hypermobility
Toddlers Without Joint 

Hypermobility Pa

Proprioception assessment (n = 55) (n = 18) (n = 37)
Cooperation rate Mean ± SD 0.961 ± 0.15 0.960 ± 0.12 .629

Median (min-max) 1 (0.375-1) 1 (0.375-1)
Success rate Mean ± SD 0.946 ± 0.11 0.945 ± 0.12 .887

Median (min-max) 1 (0.583-1) 1 (0.400-1)
Bayley-III composite score (n = 112) (n = 30) (n = 82)
Cognitive domain Mean ± SD 106.67 ± 19.09 103.90 ± 18.05 .430

Median (min-max) 105 (70-145) 100 (60-145)
Language domain Mean ± SD 105.77 ± 17.43 99.31 ± 17.28 .062

Median (min-max) 106 (68-150) 97 (65-150)
Motor domain Mean ± SD 95.03 ± 15.88 93.63 ± 12.78 .619

Median (min-max) 97 (61-136) 94 (58-130)
aMann–Whitney U-test. P < .05 is statistically significant.
Bayley-III, Bayley Scales of Infant and Toddler Development, Third Edition.
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success rate ranged between 0.40 and 1 (mean 0.95 ± 0.12) in 
55 toddlers born preterm. The number of abnormal tests was 
only 1.

Developmental Functioning Outcomes
Bayley-III was applied on all toddlers born preterm. The 
Bayley-III composite score ranged between 60 and 145 (mean 
104.64 ± 18.29) in the cognitive domain, 65 and 150 (101.04 ± 
17.48) in the language domain for, and 58 and 136 (94.01 ± 
13.62) in the motor domain for all toddlers born preterm.

Differences in the Proprioception Assessment Findings and 
Developmental Functioning Outcomes According to Joint 
Hypermobility
There were no differences in the cooperation rate and suc-
cess rate between toddlers born preterm with and without joint 
hypermobility (P = .629, and P = .887, respectively) (Table 2).

There were no differences on the cognitive domain, language 
domain, and motor domain between toddlers born preterm 
with and without joint hypermobility (P = .430, P = .062, and P 
= .619, respectively) (Table 2).

The Relationship of the Findings of Assessment Methods in 
Pairs
There was no relationship among joint hypermobility and pro-
prioception, joint hypermobility and developmental function-
ing, and proprioception, and developmental functioning in the 
toddlers born preterm (Table 3).

DISCUSSION

This study demonstrated that the frequency of the joint 
hypermobility was 26.79% in the toddlers born preterm. 
Other studies reported a wide range of prevalence of the 

joint hypermobility between 7% and 64.6% in the preschool 
children.7,12,13 Furthermore, there were no differences in the 
proprioception findings and development functioning out-
comes between toddlers born preterm with and without joint 
hypermobility, as well as no relationship among joint hyper-
mobility and proprioception, joint hypermobility and develop-
mental functioning, and proprioception and developmental 
functioning.

Interestingly, the findings of the review conducted by Smith 
et al31 reported that individuals with joint hypermobility had 
poor lower limb proprioception, although upper limb proprio-
ception results were unclear. Fatoye et al18 also revealed that 
children with joint hypermobility aged 8-15 years had poorer 
knee proprioception than children without joint hypermobility, 
which is similar to the results in adults reported by Hall et al.16 
However, we did not find any differences in the propriocep-
tion between the toddlers born preterm with and without joint 
hypermobility, as well as the relationship between proprio-
ception and joint hypermobility. The first possible explanation 
for this might be damage to the receptors due to abnormal 
joint biomechanics in the long term, which results from joint 
hypermobility.18,32 On the other hand, our method of proprio-
ception assessment, which is applied with a sticker, might be 
affected by touch sense. Hillier et al33 reported that some test 
methods might be controversial for proprioception due to 
touch sense.

In addition to proprioception, motor development might also 
be affected by joint hypermobility.7 It has been reported that 
children born preterm with joint hypermobility was able to 
achieve independent walking in upcoming times. 7 Recently, 
Lamari et al34 also found that the higher total Beighton scores 
showed a tendency to not crawl or crawl differently, delayed 
ambulation, and impaired school performance. However, 
several previous studies showed that there was no relation-
ship between the motor performance and joint hypermobility 
by de Boer et al35 and Engelbert et al.36 The findings of this 
study provide evidence that developmental functioning, such 
as motor, language, or cognitive development, did not differ in 
the toddlers born preterm with and without joint hypermobility 
and not related to joint hypermobility. The reason of this could 
be that motor development is not only dependent upon joint 
hypermobility but also on other accompanying minor prob-
lems such as developmental coordination disorder. Jelsma 
et al37 revealed that motor performance and joint mobility are 
not related in the healthy children, while motor performance 
is related to joint mobility in the children with developmental 
coordination disorder. Furthermore, Romeo et al38 recently 
reported that there was a higher incidence of motor delay 
or developmental coordination disorder in children with joint 
hypermobility.

Proprioception and motor development, which are associated 
with joint hypermobility,7,16-18 were also related to each other.20 
Additionally, it was reported that angle error of knee proprio-
ception sense decreased with aging between 3 and 6 years 
of age.20 Furthermore, some studies previously reported pro-
prioceptive dysfunction related to poor motor performance in 
children who had atypical development.39,40 On the other hand, 
proprioception comprises the sense of joint position, movement, 

Table 3. Examination of the Relationships Between the Findings 
as Pairwise

P r
Joint Hypermobility

Proprioception assessment 
(n = 55)
Cooperation rate .365 0.125
Success rate .936 -0.011
Bayley-III (n = 112)
 Cognitive domain .277 0.104
 Language domain .077 0.168
 Motor domain .358 0.088

Proprioception assessment (n = 55)
Cooperation rate

Bayley-III
 Cognitive domain .582 0.076
 Language domain .798 0.035
 Motor domain .117 0.214

Success rate
Bayley-III
 Cognitive domain .420 0.111
 Language domain .517 0.089
 Motor domain .452 0.103
Spearman correlation coefficient. P < .05 is statistically significant.
Bayley-III, Bayley Scales of Infant and Toddler Development, Third Edition.
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and force41-43 and plays an important role in motor develop-
ment together with tactile sense and vestibular sense.44,45 The 
information from proprioception, tactile, and visual sense is 
required to enable the children to learn a new skill.46 Those 
findings, which were reflected by the present study, demon-
strated that not only proprioception but also other sensory sys-
tems, especially tactile, visual, or vestibular, might be important 
for developing new motor skills.

The limitation of this study was that proprioception assessment 
demands high levels of attention and applies with eyes closed 
in toddlers which becomes problematic for some toddlers, 
especially for lower ages.

CONCLUSION

This study demonstrated the results of the joint hypermobil-
ity, proprioception, and developmental functioning together 
in toddlers born preterm between 24 and 42 months of age. 
There were no differences in proprioception and develop-
mental functioning between toddlers born preterm with and 
without joint hypermobility and no relationship between them. 
However, toddlers born preterm might have the risk of joint 
hypermobility, reduced proprioception acuity, and poor devel-
opmental functioning; therefore, detailed assessment may help 
us to understand the problems in the clinic. On the other hand, 
the differences might increase with the repetition of movement 
as getting older. For this reason, results of more long-term fol-
low-up assessment in these toddlers would help us to clarify 
this. Additionally, along with proprioception, other senses might 
be important for motor development, and it is suggested that 
the assessment of other sensory systems should be performed 
in this period of life in future studies.

Ethics Committee Approval: This study was approved by Ethics Com-
mittee of Hacettepe University (Approval No: GO 22/675, Date: 
05.07.2022).

Informed Consent: Written informed consent was obtained from all 
parents of all infants who were included in this study.

Peer-review: Externally peer-reviewed.

Author Contributions: Concept – B.N.Y.L., A.M.; Design – B.N.Y.L., A.M.; 
Supervision – A.M.; Resources – B.N.Y.L., A.M.; Materials – B.N.Y.L., 
A.M.; Data Collection and/or Processing – B.N.Y.L., A.M.; Analysis and/
or Interpretation – B.N.Y.L.; Literature Search – B.N.Y.L.; Writing – 
B.N.Y.L.; Critical Review – A.M. 

Declaration of Interests: The authors have no conflict of interest to 
declare.

Funding: This study received no funding.

REFERENCES

1. Blencowe H, Cousens S, Oestergaard MZ, et al. National, regional, 
and worldwide estimates of preterm birth rates in the year 2010 
with time trends since 1990 for selected countries: a systematic 
analysis and implications. Lancet. 2012;379(9832):2162-2172. 
[CrossRef]

2. Platt MJ. Outcomes in preterm infants. Public Health. 2014;128(5): 
399-403. [CrossRef]

3. Saigal S, Doyle LW. An overview of mortality and sequelae of pre-
term birth from infancy to adulthood. Lancet. 2008;371(9608):261-
269. [CrossRef]

4. Williams J, Lee KJ, Anderson PJ. Prevalence of motor-skill impair-
ment in preterm children who do not develop cerebral palsy: a 
systematic review. Dev Med Child Neurol. 2010;52(3):232-237. 
[CrossRef]

5. Kodric J, Sustersic B, Paro-Panjan D. Relationship between neuro-
logical assessments of preterm infants in the first 2 years and cog-
nitive outcome at school age. Pediatr Neurol. 2014;51(5):681-687. 
[CrossRef]

6. van Noort-van der Spek IL, Franken MCJ, Weisglas-Kuperus N. 
Language functions in preterm-born children: a systematic 
review and meta-analysis. Pediatrics. 2012;129(4):745-754. 
[CrossRef]

7. Romeo DM, Velli C, Lucibello S, et al. Joint laxity in preschool chil-
dren born preterm. J Pediatr. 2018;197:104-108. [CrossRef]

8. Smits-Engelsman B, Klerks M, Kirby A. Beighton score: a valid 
measure for generalized hypermobility in children. J Pediatr. 
2011;158(1):119-123. [CrossRef]

9. Castori M, Tinkle B, Levy H, Grahame R, Malfait F, Hakim A. A 
framework for the classification of joint hypermobility and related 
conditions. Am J Med Genet C Semin Med Genet. 2017;175(1):148-
157. [CrossRef]

10. Tinkle BT. Symptomatic joint hypermobility. Best Pract Res Clin 
Rheumatol. 2020;34(3):101508. [CrossRef]

11. Sağ S, Kalyoncu M. Is Generalized joint hypermobility associated 
with inguinal hernia in children? Turk Arch Pediatr. 2022;57(3):368-
369. [CrossRef]

12. Romeo DM, Lucibello S, Musto E, et al. Assessing joint hypermobil-
ity in preschool-aged children. J Pediatr. 2016;176:162-166. 
[CrossRef]

13. Lamari NM, Chueire AG, Cordeiro JA. Analysis of joint mobility pat-
terns among preschool children. Sao Paulo Med J. 2005;123(3):119-
123. [CrossRef]

14. Sobhani-Eraghi A, Motalebi M, Sarreshtehdari S, Molazem-San-
andaji B, Hasanlu Z. Prevalence of joint hypermobility in children 
and adolescents: a systematic review and meta-analysis. J Res 
Med Sci. 2020;25:104. [CrossRef]

15. McCormack M, Briggs J, Hakim A, Grahame R. Joint laxity and the 
benign joint hypermobility syndrome in student and professional 
ballet dancers. J Rheumatol. 2004;31(1):173-178.

16. Hall MG, Ferrell WR, Sturrock RD, Hamblen DL, Baxendale RH. The 
effect of hypermobility syndrome on knee joint proprioception. Br 
J Rheumatol. 1995;34(2):121-125. [CrossRef]

17. Yousefzadeh A, Khalkhali Zavieh M, Khademi K, Rahimi A. Studying 
the knee joint proprioception in generalized joint hypermobility as 
compared to healthy subjects. J Res Rehabil Sci. 2012;8(1):1-9.

18. Fatoye F, Palmer S, Macmillan F, Rowe P, van der Linden M. Pro-
prioception and muscle torque deficits in children with hypermo-
bility syndrome. Rheumatology (Oxford). 2009;48(2):152-157. 
[CrossRef]

19. Scott SH. The computational and neural basis of voluntary motor 
control and planning. Trends Cogn Sci. 2012;16(11):541-549. [CrossRef]

20. Jiang GP, Jiao XB, Wu SK, et al. Balance, proprioception, and gross 
motor development of Chinese children aged 3 to 6 years. J Mot 
Behav. 2018;50(3):343-352. [CrossRef]

21. Hadders-Algra M. Variation and variability: key words in human 
motor development. Phys Ther. 2010;90(12):1823-1837. [CrossRef]

22. de Kieviet JF, Piek JP, Aarnoudse-Moens CS, Oosterlaan J. Motor 
development in very preterm and very low-birth-weight children 
from birth to adolescence: a meta-analysis. JAMA. 2009;302(20): 
2235-2242. [CrossRef]

23. Li SJ, Tsao PN, Tu YK, et al. Cognitive and motor development in 
preterm children from 6 to 36 months of age: trajectories, risk 
factors and predictability. Early Hum Dev. 2022;172:105634. 
[CrossRef]

411

https://doi.org/10.1016/S0140-6736(12)60820-4
https://doi.org/10.1016/j.puhe.2014.03.010
https://doi.org/10.1016/S0140-6736(08)60136-1
https://doi.org/10.1111/j.1469-8749.2009.03544.x
https://doi.org/10.1016/j.pediatrneurol.2014.07.024
https://doi.org/10.1542/peds.2011-1728
https://doi.org/10.1016/j.jpeds.2018.02.008
https://doi.org/10.1016/j.jpeds.2010.07.021
https://doi.org/10.1002/ajmg.c.31539
https://doi.org/10.1016/j.berh.2020.101508
https://doi.org/10.5152/TurkArchPediatr.2022.21015
https://doi.org/10.1016/j.jpeds.2016.05.072
https://doi.org/10.1590/s1516-31802005000300006
https://doi.org/10.4103/jrms.JRMS_983_19
https://doi.org/10.1093/rheumatology/34.2.121
https://doi.org/10.1093/rheumatology/ken435
https://doi.org/10.1016/j.tics.2012.09.008
https://doi.org/10.1080/00222895.2017.1363694
https://doi.org/10.2522/ptj.20100006
https://doi.org/10.1001/jama.2009.1708
https://doi.org/10.1016/j.earlhumdev.2022.105634


Joint Hypermobility, Proprioception, and Development Turk Arch Pediatr 2023; 58(4): 407-412

24. Veldman SLC, Santos R, Jones RA, Sousa-Sá E, Okely AD. Associa-
tions between gross motor skills and cognitive development in tod-
dlers. Early Hum Dev. 2019;132:39-44. [CrossRef]

25. Gonzalez SL, Alvarez V, Nelson EL. Do gross and fine motor skills 
differentially contribute to language outcomes? A systematic 
review. Front Psychol. 2019;10:2670. [CrossRef]

26. Van Meulenbroek T, Huijnen I, Stappers N, Engelbert R, Verbunt J. 
Generalized joint hypermobility and perceived harmfulness in 
healthy adolescents; impact on muscle strength, motor perfor-
mance and physical activity level. Physiother Theor Pract. 
2021;37(12):1438-1447. [CrossRef]

27. Singh H, McKay M, Baldwin J, et al. Beighton scores and cut-offs 
across the lifespan: cross-sectional study of an Australian popula-
tion. Rheumatology (Oxford). 2017;56(11):1857-1864. [CrossRef]

28. Gray EM, Tomlison KG, Kileny S, Leber SM. Joint position sense test-
ing in young children. J Child Neurol. 2019;34(3):128-131. [CrossRef]

29. Bayley N. Bayley Scales of Infant and Toddler Development: 
Administration Manual. United States of America: Harcourt Assess-
ment; 2006.

30. Asuero AG, Sayago A, González AG. The correlation coefficient: 
an overview. Crit Rev Anal Chem. 2006;36(1):41-59. [CrossRef]

31. Smith TO, Jerman E, Easton V, et al. Do people with benign joint 
hypermobility syndrome (BJHS) have reduced joint propriocep-
tion? A systematic review and meta-analysis. Rheumatol Int. 
2013;33(11):2709-2716. [CrossRef]

32. Mallik AK, Ferrell WR, McDonald AG, Sturrock RD. Impaired pro-
prioceptive acuity at the proximal interphalangeal joint in patients 
with the hypermobility syndrome. Br J Rheumatol. 1994;33(7):631-
637. [CrossRef]

33. Hillier S, Immink M, Thewlis D. Assessing proprioception: a system-
atic review of possibilities. Neurorehabil Neural Repair. 
2015;29(10):933-949. [CrossRef]

34. Lamari MM, Lamari NM, Araujo-Filho GM, Medeiros MP, Pugliesi 
Marques VR, Pavarino ÉC. Psychosocial and motor characteristics 
of patients with hypermobility. Front Psychiatry. 2021;12:787822. 
[CrossRef]

35. de Boer RM, van Vlimmeren LA, Scheper MC, Nijhuis-van der 
Sanden MW, Engelbert RH. Is motor performance in 5.5-year-old 
children associated with the presence of generalized joint hyper-
mobility? J Pediatr. 2015;167(3):694-701.e1. [CrossRef]

36. Engelbert RH, Kooijmans FT, van Riet AM, Feitsma TM, Uiter-
waal CS, Helders PJ. The relationship between generalized joint 
hypermobility and motor development. Pediatr Phys Ther. 
2005;17(4):258-263. [CrossRef]

37. Jelsma LD, Geuze RH, Klerks MH, Niemeijer AS, Smits-Engels-
man BC. The relationship between joint mobility and motor per-
formance in children with and without the diagnosis of 
developmental coordination disorder. BMC Pediatr. 2013;13(1):35. 
[CrossRef]

38. Romeo DM, Venezia I, De Biase M, et al. Developmental coordina-
tion disorder and joint hypermobility in childhood: a narrative 
review. Children (Basel). 2022;9(7):1011. [CrossRef]

39. Riquelme I, Hatem SM, Montoya P. Abnormal pressure pain, touch 
sensitivity, proprioception, and manual dexterity in children with 
autism spectrum disorders. Neural Plast. 2016;2016:1723401. 
[CrossRef]

40. Lane AE, Dennis SJ, Geraghty ME. Brief report: further evidence of 
sensory subtypes in autism. J Autism Dev Disord. 2011;41(6):826-
831. [CrossRef]

41. Schmidt R, Lee T. Motor Learning and Performance: from Princi-
ples to Application. 5th ed. Champaign, IL: Human Kinetics; 2014.

42. Sherrington CS. The Integrative Action of the Nervous System. New 
Haven, CT: Yale University Press; 1906.

43. Proske U, Schaible HG, Schmidt RF. Joint receptors and kinaesthe-
sia. Exp Brain Res. 1988;72(2):219-224. [CrossRef]

44. Ayres AJ. Sensory Integration and Learning Disorders. Los Angeles, 
CA: Western Psychological Services; 1972.

45. Bundy AC, Lane SE, Murray EA. Sensory Integration: Theory and 
Practice. 2nd ed. Philadelphia, PA: F. A. Davis Company; 2002.

46. Chu VWT. Assessing proprioception in children: a review. J Mot 
Behav. 2017;49(4):458-466. [CrossRef]

412

https://doi.org/10.1016/j.earlhumdev.2019.04.005
https://doi.org/10.3389/fpsyg.2019.02670
https://doi.org/10.1080/09593985.2019.1709231
https://doi.org/10.1093/rheumatology/kex043
https://doi.org/10.1177/0883073818812348
https://doi.org/10.1080/10408340500526766
https://doi.org/10.1007/s00296-013-2790-4
https://doi.org/10.1093/rheumatology/33.7.631
https://doi.org/10.1177/1545968315573055
https://doi.org/10.3389/fpsyt.2021.787822
https://doi.org/10.1016/j.jpeds.2015.06.034
https://doi.org/10.1097/01.pep.0000186505.32548.84
https://doi.org/10.1186/1471-2431-13-35
https://doi.org/10.3390/children9071011
https://doi.org/10.1155/2016/1723401
https://doi.org/10.1007/s10803-010-1103-y
https://doi.org/10.1007/BF00250245
https://doi.org/10.1080/00222895.2016.1241744

