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Brief Report
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Abstract: The General Movements Assessment provides early insight into motor devel-
opment’s range of motion; however, its relationship with joint kinematics, such as hip
abduction range of motion, remains underexplored. This study analyzed hip abduction
kinematics during General Movements, evaluating potential sex differences and variations
in movement patterns (Fidgety vs. Writhing), and aimed to provide quantitative data that
complement qualitative pediatric assessments. This cross-sectional observational study
analyzed video recordings of spontaneous motor activity in 32 infants under three months
of corrected age. Hip abduction range of motion was extracted using biomechanical analy-
sis during General Movements. Interrater reliability was evaluated using Fleiss’s Kappa.
Correlations were assessed using Pearson’s test, and a two-way ANOVA examined the
effects of sex and the type of movements on range of motion. Interrater reliability for move-
ment classification was excellent (Kappa = 0.909, p < 0.001). No significant correlations
were found between sex or General Movements type and hip abduction range of motion
(p > 0.68). Two-way ANOVA showed no significant effects of sex, movement pattern, or
their interaction on range of motion in either hip (right: p = 0.726, left: p = 0.823), with small
effect sizes (η2 < 0.013). A minor asymmetry favoring the right hip was observed but was
not clinically significant. Sex and General Movements type did not significantly influence
hip abduction range of motion in infants under three months. Early joint mobility appears
consistent across sexes and movement patterns, supporting its reliability as a biomechanical
marker of typical development.

Keywords: infant neuromotor development; hip abduction range of motion; General
Movements Assessment; kinematic analysis; early motor patterns

1. Introduction
General Movements (GMs) represent spontaneous and complex body movements

observed in fetuses and continue to be observed in infants until approximately 20 weeks of
corrected age [1]. These movement patterns serve as early indicators of optimal nervous
system functionality, with their quality, variability, and specific characteristics reflecting
normative motor behavior during the initial stages of life [1,2].

The assessment of GMs in neonates has emerged as the preferred method for eval-
uating their optimal neuromotor development [3]. Two types of typical movements are
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clearly defined in the infant without brain injury: Writhing movements (WMs) and Fidgety
movements (FMs). WMs are easily observable during the first 6 to 9 weeks post-term,
presenting small to moderate amplitude and slow to moderate velocity, characterized by
their elliptical shape [4]. On the other hand, FMs are present up to 15 or 20 weeks post-term
and are characterized by being meandering, with small amplitude and variable velocity [5].

Two methodologies have been proposed to evaluate the quality of FMs, whose clini-
cal significance is crucial for the early detection of cerebral palsy. Prechtl postulated the
GM Assessment (GMA), which focuses on the kinematic characteristics of this movement,
classifying the organization of FMs as continuous, intermittent, sporadic, and absent, con-
sidering the latter two as atypical, and includes in this model those FMs of exaggerated
appearance [6,7]. Conversely, the Hadders-Algra classification emphasizes the compre-
hensive assessment of the repertoire of FMs in terms of both variation and complexity.
This classification delineates four distinct categories: normal-optimal, normal-suboptimal,
moderately atypical, and definitely atypical [8–10].

In this regard, various methodologies exist for evaluating GMs in depth, which en-
compass qualitative techniques relying on visual observation of motor patterns [11], as
well as quantitative methods employing advanced automated technologies. Those tech-
nologies include accelerometers [12], three-dimensional (3D) motion capture systems [13],
motion sensors [2], and 3D cameras, all of which serve to facilitate the recognition and
comprehensive analysis of motor skills [14].

While GMs are primarily established and examined using predominantly visual quali-
tative methodologies, the observed patterns may be significantly influenced by anatomical
and biomechanical differences related to sex [15]. In adult populations, where these pa-
rameters are clearly defined, significant structural differences are observed in the pelvic
ring between males and females [16]. These differences impact the mobility of the pelvic
joints and the range of motion in different planes of the lower extremities. Consequently,
when compared to females, adult males typically exhibit longer femoral necks, increased
widening of the femoral canal, greater femoral displacements, higher neck-shaft angles,
and reduced femoral anteversion [17].

In the biomechanical analysis of the pelvis, the anteroposterior diameter of the upper
pelvic opening is a significant reference point for differentiating between male and female
pelvises. A critical subpoint in this assessment is the anterior superior iliac spine (ASIS)
measurement. The distance between the ASIS in females is generally wider than in males,
which can influence motor development and affect how individuals perform various
physical and functional activities related to their motor capabilities [18].

The anatomical differences between men and women significantly influence their
biomechanics and gait patterns. In males, the pubic angle ranges from 48◦ to 81◦, while
in females, this angle is comparatively wider, averaging 82◦ and extending from 64◦

to 100◦ [19]. This increased amplitude serves a biomechanical purpose by facilitating
childbirth and allowing the vaginal canal to expand due to the pelvis’s enlargement and
retroversion. This process, combined with the activation of specific muscles, particularly
the elevator ani, plays a crucial role in regulating the descent of the fetal head during
delivery [20].

Furthermore, notable differences in gait exist between males and females in adulthood.
Females display a more pronounced range of adduction and internal rotation at the hip,
attributed to their hip distance-to-femur length ratio [21]. The latter is typically shorter in
females, who also possess a greater bilateral acetabular distance than males. Consequently,
these anatomical traits are not only evolutionary adaptations but also have a fundamental
influence on the locomotion and biomechanics of each individual sex [22].
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The anatomical distinctions and biomechanical variances between males and females
may considerably influence the amplitude of hip joint movement during the early stages
of development. However, despite the potential significance of these differences, existing
research has centered mainly on broad descriptions of motor development, frequently
overlooking a comprehensive analysis of sex differences and their consequences for motor
task performance during this developmental phase [1–3,5,7,8].

The examination of hip abduction range of motion (RoM) in infants under three
months of age is a crucial aspect in evaluating early neuromotor development, particularly
in the context of GM, which acts as a predictive indicator of neurological integrity [23]. As
a biomechanical parameter, hip abduction not only reflects joint and muscle health but may
also serve as an early indicator of pathological conditions such as developmental dysplasia
of the hip, a disorder where early detection is crucial for preventing long-term orthopedic
complications [24].

The justification for exploring this range of motion (RoM) within the context of gen-
eral movement (GM) is based on the understanding that these spontaneous movements
represent coordinated patterns arising from the developing central nervous system. Subtle
variations in abduction amplitude may be associated with neuromotor dysfunctions or
musculoskeletal restrictions of a muscular or articular nature, which might not be detected
through conventional examination methods. Moreover, since GM assessments are generally
qualitative, quantifying RoM would furnish an objective criterion that would complement
the analysis of GM, thereby improving the sensitivity and accuracy of diagnostic evalua-
tions [25].

This study aims to analyze hip joint abduction RoM during GM, evaluate potential sex
differences and variations in movement patterns (FM vs. WM), and provide quantitative
data that complement qualitative GMA.

2. Material and Methods
2.1. Study Design/Ethics

This research was conducted as a descriptive, cross-sectional, observational study
examining the kinematic parameters of hip joint abduction range of motion (ABD RoM)
during active lower limb movements in infants under three months of age while performing
General Movements (GMs). The study protocol was approved by the Human Research
Ethics Committee of the Pontifical Catholic University of Ecuador (Approval Code: 2019-
61-EO). Before participation, written informed consent was obtained from all participating
infants’ parents or legal guardians. The study adhered to the ethical guidelines established
in the Declaration of Helsinki, ensuring the protection of participants’ rights, confidentiality,
and well-being throughout the research process.

2.2. Participants

A total of 32 infants younger than three months of corrected age were included
in the study, selected using a non-probability purposive sampling strategy to meet the
specific objectives of the research. Eligibility criteria required that participants had no
known neurological risk factors and had obtained an APGAR score above eight at both
one and five minutes after birth. Infants were excluded if they had experienced respiratory
difficulties during delivery or presented with pre-existing conditions, such as genetic
or motor disorders, or no prior lower limb pathology, as these could interfere with the
evaluation of spontaneous motor activity. The sample comprised both full-term and
preterm infants, allowing for broader population representation and increasing the external
validity of the results.
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2.3. Procedure and Video Processing

Initially, GMs were categorized by the type of movement they exhibited. To achieve
this, two physiotherapists, trained and certified in the GMA and with over 10 years of
experience in baby assessment, analyzed the active movements in videos of the subjects
and classified them into WM and FM. The two primary evaluators made their decisions
independently. A third physiotherapist, trained and qualified in GMA, was available to
clarify definitions or classification criteria for these movements. However, this third expert
did not directly influence the original evaluators’ ratings, serving solely as a facilitator
rather than an additional assessor.

The video was captured by a 23 MP, 24 mm wide HDR camera. The recording protocol
for the evaluation was followed as determined by the GMA [7], with no external stimuli
that could modify movement, nor wires or skin markers attached to or marked on their
extremities. All children were evaluated with bare lower limbs, which allowed for the
identification of each joint later.

The resources were then processed using the open-access Kinovea® biomechanical
analysis system [26]. This application enables the processing of 2D video images by
analyzing kinematic and kinetic variables. In this sense, the kinematic variable of articular
amplitude was extracted at the reference points of the hip joint in the lower limbs, using
the anatomical points described in the literature for evaluating ranges of motion and
goniometry [27]. The reference point of the goniometer axis was placed on the ASIS of the
hip side being measured, with its fixed arm projected perpendicular to the imaginary line
that connects the contralateral ASIS, and its mobile arm aligned with the femoral diaphysis
toward the center of the patella in each lower limb. This setup allowed for the identification
of the RoM for abduction during the active movement of the lower limbs in this plane
and anteroposterior view exclusively. Once the reference points were positioned, the hip
abduction trajectory was tracked in each frame during the GM execution.

2.4. Statistical Analysis

The statistical analysis was conducted using IBM SPSS Statistics version 28.0. First,
the inter-assessor reliability of the movement classification within the GMA application
was analyzed using the Fleiss Kappa index. The Shapiro–Wilk test was applied to assess
the normality of the distribution of the continuous variables, with a significance level set at
p < 0.05. Descriptive statistics were used to summarize the kinematic variable of hip ABD
RoM, including the mean and standard deviation.

Pearson’s correlation statistic was used to analyze the relationship among hip ABD
RoM, the infant’s sex, and type of GM. This correlation analysis complemented the group
comparison by identifying patterns of covariation across joints, providing further insight
into the bilateral coordination of spontaneous lower limb movements in early infancy.

To explore the effects of sex and type of GM (WM vs. FM) on hip ABD RoM, a two-way
analysis of variance (ANOVA) was conducted. This approach enabled us to assess the
main effects of sex and movement pattern, as well as the interaction effect between sex and
movement pattern on the outcome variable.

Additionally, the effect size for each main effect and interaction was calculated us-
ing eta-squared (η2) to determine the magnitude of influence of each factor. Statistical
significance was set at p < 0.05 for all tests.
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3. Results
3.1. Frequency Statistics

The frequency statistics showed that the sample consisted of 62.5% male and 37.5%
female participants. Concerning the type of GM, 71.9% of the sample exhibited FMs, while
28.1% demonstrated WMs (Figure 1).
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Figure 1. Frequency statistics sex and type of GM.

3.2. Interrater Reliability

The Fleiss Kappa index showed statistically significant interrater reliability for the
General Movements Assessment (GMA) video classification (Kappa = 0.909, p < 0.001),
indicating an almost perfect level of agreement among evaluators. The normality of the
data was assessed using the Shapiro–Wilk test, and the homogeneity of variances was
verified with Levene’s test. Statistical significance was set at p < 0.05, which supports the
use of parametric methods in subsequent analyses.

3.3. Laterality and Overall RoM Patterns

Central tendency analysis revealed a consistent asymmetry, with a slightly greater
right hip RoM (58.36◦) compared to the left (55.31◦), representing a mean difference of 0.79◦.
Maximum RoM values were higher in females (right: 80.37◦, left: 79.58◦) than in males
(right: 76.46◦, left: 76.63◦), which aligns with the higher dispersion observed in girls.

3.4. Correlation Analyses

Pearson’s correlation analyses by groups confirmed the absence of statistically signif-
icant associations between sex and hip RoM (right: r = 0.069, p = 0.707; left: r = −0.074,
p = 0.688) or between GM classification and hip RoM (right: r = −0.073, p = 0.693; left:
r = 0.053, p = 0.772). All correlations were trivial in magnitude (|r| < 0.08) (Table 1).

Although minor lateral differences in hip mobility were observed favoring the right
side, neither sex nor GM classification significantly influenced hip ABD RoM in this
cohort of infants. The results suggest that early hip joint mobility demonstrates consistent
biomechanical coupling, irrespective of sex or movement quality, supporting the notion
that these factors are not reliable predictors of hip RoM in early infancy.
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Table 1. Pearson’s correlation analysis.

Variable Pair r p-Value

Sex
Right Hip ABD RoM 0.069 0.707
Left Hip ABD RoM −0.074 0.688

GM Type Right Hip ABD −0.073 0.693
Left Hip ABD 0.053 0.772

ABD: abduction; and RoM: range of motion.

3.5. Effects of Sex and General Movement Type on Hip Abduction Range of Motion

A two-way analysis of variance (ANOVA) was conducted to evaluate the effects of
sex, GM type, and their interaction on the RoM of hip ABD in both the right and left lower
limbs. The results showed no significant main effects of sex or GM type, nor a significant
interaction effect between these factors on hip abduction RoM in either limb (all p > 0.05)
(Table 2).

Table 2. Two-way ANOVA results for hip abduction RoM by sex and GM type.

Factor Right Hip F Right Hip p Right Hip η2 Left Hip F Left Hip p Left Hip η2

Sex 1.23 0.277 0.013 0.26 0.613 0.003
GM Type 2.25 0.145 0.024 0.05 0.828 0.001
Sex × GM Type 0.01 0.924 0.0002 0.15 0.703 0.004

GM: General movement.

To quantify the magnitude of the observed effects, eta-squared (η2) values were
calculated. For the right hip, η2 values were 0.012 for sex, 0.013 for GM type, and <0.001 for
the interaction. For the left hip, η2 values were 0.011 for sex, 0.009 for GM type, and 0.004
for the interaction (Figure 2).
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Figure 2. Effect sizes (η2) for the factors sex, GM type, and their interaction on hip ABD RoM.

These findings suggest that sex and GM pattern do not significantly influence hip
abduction RoM in this group of infants under three months of corrected age.
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4. Discussion
This study aimed to analyze hip joint ABD RoM during GM, evaluate potential sex

differences and variations in movement patterns (FM vs. WM), and provide quantitative
data that complement qualitative GMA in infants under three months of corrected age
using a quantitative biomechanical approach. The findings indicate that neither sex nor
GM type significantly impacted hip RoM, and the observed differences between the right
and left limbs were minimal, suggesting overall biomechanical symmetry at this early stage
of neuromotor development [28].

The almost perfect interrater reliability observed for the General Movements Assess-
ment (Fleiss’s Kappa = 0.909, p < 0.001) reinforces the methodological robustness of GM
classification in video-based analysis. This level of agreement aligns with previous findings
in the literature [29,30], supporting the utility of GMA as a reliable clinical tool even when
applied by trained raters using offline recordings.

Although descriptive analyses revealed slightly greater right-side RoM and a tendency
for females to display broader movement ranges, these differences were not statistically
significant, as confirmed by both Pearson’s correlations and two-way ANOVA. The small
effect sizes (η2 < 0.013 across all comparisons) suggest that any apparent variations are
likely due to typical developmental variability rather than systematic influences related to
sex or movement type.

Although not significant, the small effect size observed for GM type in the right hip
suggests a potential influence of movement quality on joint kinematics. This coincides with
prior findings that associate the Fidgety phase of GM with greater motor complexity and
variability, potentially facilitating broader joint excursions [23,31].

On the other hand, the absence of sex-related differences in RoM during early infancy
aligns with studies indicating that biomechanical dimorphisms—such as differences in joint
laxity or muscle tone—are generally more prominent in later stages of development [32]. At
this early stage (<3 months corrected age), musculoskeletal structures and motor patterns
are largely shaped by neurological maturation, which is expected to be relatively similar
across sexes, particularly in neurologically healthy infants [6]. Moreover, the lack of
interaction between sex and GM type suggests that the pattern of movement expression
occurs independently of sex at this age, supporting the robustness of the GMA across
demographic variables [3,33].

The lack of significant associations between GM type (FM vs. WM) and hip RoM
also provides insight on the independence of motor quality and joint RoM at this stage
development. While FMs are generally associated with typical neurological outcomes,
such as those affecting the lower limbs [34], their presence in this cohort was not linked
to increased hip abduction. This suggests that qualitative aspects of movement may not
directly correspond to joint-specific kinematic metrics.

According to our findings in the Pearson correlation coefficient, the relationship
between joint RoM in the hip and sex is minimal, as the kinematic movements of humans
are primarily affected by aging rather than sex differences [35]. For instance, an increase in
stride time fluctuation indicates a notable change in the motor production of gait, which is
significantly influenced by the aging process [36]. This phenomenon may also be related
to changes in the muscle component, as the loss of muscle mass and strength with age,
particularly in the muscles responsible for leg flexion and extension, can compromise the
efficiency and control of movement during the stride in future stages [37].

This could be due to the activities performed by infants at this stage of their lives,
which do not have the motor and environmental requirements that would lead to significant
differences in active development movement. However, across the neurodevelopment
process, these requirements are significantly influenced by biological sex due to differences
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in anatomy, physiology, and hormone levels [38]. Therefore, in infants—since they have
not been exposed to distinct training stimuli during their first months of life, and their
environmental and sensory–motor demands are similar regardless of sex—these kinematic
changes are not observed in the studied population.

From a clinical perspective, this finding contributes to the growing body of evidence
supporting GMA’s generalizability and its potential for early detection of neurodevelop-
mental impairments [39]. However, they do not reliably predict sex-based differences in
hip joint RoM during spontaneous movement, regardless of sex.

Despite the methodological rigor applied, this study has certain limitations that must
be acknowledged when interpreting the findings. First, the small sample size limits the
generalizability of the results and decreases the statistical power to detect subtle differences
between groups, particularly regarding sex and GM type. Additionally, the cross-sectional
design limits inferences about developmental change over time, and the modest sample
size may restrict the detection of small effect sizes or subtle interactions. Longitudinal
research is needed to examine whether early RoM parameters predict later motor outcomes
or relate to neurological risk in clinical populations.

Finally, the kinematic analysis was conducted in a two-dimensional framework which,
although valid and accessible, cannot accurately capture out-of-plane displacements, thus
limiting the comprehensive characterization of joint mobility. Lastly, the decision to focus
exclusively on hip abduction, while relevant to early postural control, excluded other
joint parameters that could provide a more holistic understanding of motor development.
These limitations highlight the need for future studies employing larger samples, three-
dimensional analyses, and multivariate approaches to gain a deeper and more precise
understanding of motor development during the first months of life.

5. Conclusions
This study contributes to the understanding of spontaneous motor activity by quan-

titatively analyzing the hip ABD RoM in infants under three months of corrected age
during GM. The results did not reveal statistically significant sex-based differences in this
kinematic parameter despite greater variability in female infants (right hip SD: 21.92◦

vs. males’ 10.21◦). Although the results did not show statistically significant effects of
sex, movement pattern, or their interaction, the observed trends suggest that FMs may be
associated with slightly greater joint mobility compared to WM patterns. These preliminary
findings reinforce the notion that early motor variability, particularly during FM, may
reflect more advanced neuromotor organization, independent of sex.

Importantly, the absence of sex-based differences highlights the developmental homo-
geneity observed in early infancy and supports the clinical utility of the GMA as a robust
tool applicable to both sexes. The incorporation of objective biomechanical analysis in
this context contributes valuable quantitative data to a traditionally qualitative field and
emphasizes the potential for enhancing early detection strategies by combining movement
classification with kinematic measures.

Future studies involving larger cohorts, longitudinal designs, and advanced multivari-
ate modeling are recommended to validate and expand upon these findings and to explore
how early kinematic profiles relate to long-term neurodevelopmental outcomes.

Author Contributions: Conceptualization, L.F.F.-S., B.M.T.G. and C.M.C.I.; methodology, L.F.F.-S. and
J.P.H.P.; software, L.F.F.-S., B.M.T.G. and C.M.C.I.; validation, L.F.F.-S., B.M.T.G. and C.M.C.I.; formal
analysis, L.F.F.-S.; investigation, L.F.F.-S.; resources, L.F.F.-S.; data curation, B.M.T.G. and C.M.C.I.;
writing—original draft preparation, L.F.F.-S., B.M.T.G., C.M.C.I. and J.P.H.P.; writing—review and
editing, L.F.F.-S. and J.P.H.P.; visualization, L.F.F.-S.; supervision, L.F.F.-S.; project administration,



Children 2025, 12, 651 9 of 11

L.F.F.-S.; funding acquisition, L.F.F.-S. All authors have read and agreed to the published version of
the manuscript.

Funding: This research was funded by the Pontifical Catholic University of Ecuador, grant number
004-UIO-2019.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Human Research Ethics Committee of the Pontifical Catholic
University of Ecuador (Code 2019-61-EO, 25 April 2019).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the
study.

Data Availability Statement: The data supporting the conclusions of this article will be made
available by the authors on request. The data are not publicly available due to ethical restrictions on
sharing personal data.

Acknowledgments: We thank the Pontifical Catholic University of Ecuador for supporting and
funding this research project.

Conflicts of Interest: The authors declare no conflicts of interest.

Abbreviations
The following abbreviations are used in this manuscript:

GM General Movements
FM Fidgety movements
WM Writhing movements
ASIS Anterior superior iliac spine
ABD Abduction
RoM Range of motion

References
1. Wu, Y.C.; van Rijssen, I.M.; Buurman, M.T.; Dijkstra, L.J.; Hamer, E.G.; Hadders-Algra, M. Temporal and spatial localisation of

general movement complexity and variation—Why Gestalt assessment requires experience. Acta Paediatr. Int. J. Paediatr. 2021,
110, 290–300. [CrossRef] [PubMed]

2. Balta, D.; Kuo, H.; Wang, J.; Porco, I.G.; Morozova, O.; Schladen, M.M.; Cereatti, A.; Lum, P.S.; Della Croce, U. Characterization of
Infants’ General Movements Using a Commercial RGB-Depth Sensor and a Deep Neural Network Tracking Processing Tool: An
Exploratory Study. Sensors 2022, 22, 7426. [CrossRef]

3. Einspieler, C.; Bos, A.F.; Spittle, A.J.; Bertoncelli, N.; Burger, M.; Peyton, C.; Toldo, M.; Utsch, F.; Zhang, D.; Marschik, P.B. The
General Movement Optimality Score-Revised (GMOS-R) with Socioeconomically Stratified Percentile Ranks. J. Clin. Med. 2024,
13, 2260. [CrossRef]

4. Chirigos, A.J.; Ostrander, B.; Burton, V.J.; Mirecki, M.; Maitre, N.L. Prechtl’s General Movements Assessment at writhing age
guides MRI use in clinical implementation network. Pediatr. Res. 2024, 95, 1188–1190. [CrossRef] [PubMed]

5. Letzkus, L.; Pulido, J.V.; Adeyemo, A.; Baek, S.; Zanelli, S. Machine learning approaches to evaluate infants’ general movements
in the writhing stage—A pilot study. Sci. Rep. 2024, 14, 4522. [CrossRef] [PubMed]

6. Einspieler, C.; Prechtl, H.F.R. Prechtl’s assessment of general movements: A diagnostic tool for the functional assessment of the
young nervous system. Ment. Retard. Dev. Disabil. Res. Rev. 2005, 11, 61–67. [CrossRef] [PubMed]

7. Aizawa, C.Y.P.; Einspieler, C.; Genovesi, F.F.; Ibidi, S.M.; Hasue, R.H. The general movement checklist: A guide to the assessment
of general movements during preterm and term age. J. Pediatr. 2021, 97, 445–452. [CrossRef]

8. Barnes, F.; Graham, L.; Loganathan, P.; Nair, V. General Movement Assessment Predicts Neuro-Developmental Outcome in Very
Low Birth Weight Infants at Two Years—A Five-Year Observational Study. Indian. J. Pediatr. 2021, 88, 28–33. [CrossRef]

9. Hadders-Algra, M.; Tacke, U.; Pietz, J.; Rupp, A.; Philippi, H. Predictive value of the General Movements Assessment and
Standardized Infant NeuroDevelopmental Assessment in infants at high risk of neurodevelopmental disorders. Dev. Med. Child.
Neurol. 2024, 66, 1361–1368. [CrossRef]

10. Meinecke, L.; Breitbach-Faller, N.; Bartz, C.; Damen, R.; Rau, G.; Disselhorst-Klug, C. Movement analysis in the early detection of
newborns at risk for developing spasticity due to infantile cerebral palsy. Hum. Mov. Sci. 2006, 25, 125–144. [CrossRef]

https://doi.org/10.1111/apa.15300
https://www.ncbi.nlm.nih.gov/pubmed/32274828
https://doi.org/10.3390/s22197426
https://doi.org/10.3390/jcm13082260
https://doi.org/10.1038/s41390-023-02856-z
https://www.ncbi.nlm.nih.gov/pubmed/37919380
https://doi.org/10.1038/s41598-024-54297-1
https://www.ncbi.nlm.nih.gov/pubmed/38402234
https://doi.org/10.1002/mrdd.20051
https://www.ncbi.nlm.nih.gov/pubmed/15856440
https://doi.org/10.1016/j.jped.2020.09.006
https://doi.org/10.1007/s12098-020-03365-1
https://doi.org/10.1111/dmcn.15901
https://doi.org/10.1016/j.humov.2005.09.012


Children 2025, 12, 651 10 of 11

11. Alexander, C.; Amery, N.; Salt, A.; Morgan, C.; Spittle, A.; Ware, R.S.; Elliott, C.; Valentine, J. Inter-rater reliability and agreement
of the General Movement Assessment and Motor Optimality Score-Revised in a large population-based sample. Early Hum. Dev.
2024, 193, 106019. [CrossRef] [PubMed]

12. Jardine, L.A.; Mausling, R.M.; Caldararo, D.; Colditz, P.W.; Davies, M.W. Accelerometer measures in extremely preterm and
or extremely low birth weight infants and association with abnormal general movements assessments at 28- and 32-weeks
postmenstrual age. Early Hum. Dev. 2022, 174, 105685. [CrossRef] [PubMed]

13. Tacchino, C.; Impagliazzo, M.; Maggi, E.; Bertamino, M.; Blanchi, I.; Campone, F.; Durand, P.; Fato, M.; Giannoni, P.; Iandolo,
R.; et al. Spontaneous movements in the newborns: A tool of quantitative video analysis of preterm babies. Comput. Methods
Programs Biomed. 2021, 199, 105838. [CrossRef]

14. Solopova, I.A.; Selionov, V.A.; Dolinskaya, I.Y.; Keshishian, E.S. General Movements as a Factor Reflecting the Normal or Impaired
Motor Development in Infants. Hum. Physiol. 2020, 46, 432–442. [CrossRef]

15. Sizer, P.S.; James, C.R. Considerations of Sex Differences in Musculoskeletal Anatomy BT—The Active Female: Health Issues Throughout
the Lifespan; Robert-McComb, J.J., Norman, R., Zumwalt, M., Eds.; Humana Press: Totowa, NJ, USA, 2008; pp. 25–54. [CrossRef]

16. Leong, A. Sexual dimorphism of the pelvic architecture: A struggling response to destructive and parsimonious forces by natural
& mate selection. McGill J. Med. 2020, 9, 61–66. [CrossRef]

17. Castagnini, F.; Bordini, B.; Cosentino, M.; Di Liddo, M.; Tella, G.; Masetti, C.; Traina, F. Age and Sex Influence the Use of Modular
Femoral Components in Total Hip Arthroplasty Performed for Primary Osteoarthritis. J. Clin. Med. 2023, 12, 984. [CrossRef]

18. Taylor-Haas, J.A.; Long, J.T.; Garcia, M.C.; Rauh, M.J.; Paterno, M.V.; Brindle, R.A.; Bazett-Jones, D.M.; Ford, K.R. The influence of
maturation and sex on pelvis and hip kinematics in youth distance runners. J. Sci. Med. Sport. 2022, 25, 272–278. [CrossRef]

19. Kiapour, A.; Joukar, A.; Elgafy, H.; Erbulut, D.U.; Agarwal, A.K.; Goel, V.K. Biomechanics of the Sacroiliac Joint: Anatomy,
Function, Biomechanics, Sexual Dimorphism, and Causes of Pain. Int. J. Spine Surg. 2020, 14, S3–S13. [CrossRef]

20. Desseauve, D.; Fradet, L.; Gachon, B.; Cherni, Y.; Lacouture, P.; Pierre, F. Biomechanical comparison of squatting and “optimal”
supine birth positions. J. Biomech. 2020, 105, 109783. [CrossRef]

21. Liu, J.; Lewton, K.L.; Colletti, P.M.; Powers, C.M. Hip Adduction during Running: Influence of Sex, Hip Abductor Strength and
Activation, and Pelvis and Femur Morphology. Med. Sci. Sports Exerc. 2021, 53, 2346–2353. [CrossRef]

22. Xie, P.P.; István, B.; Liang, M. Sex-specific differences in biomechanics among runners: A systematic review with meta-analysis.
Front. Physiol. 2022, 13, 994076. [CrossRef] [PubMed]

23. Øberg, G.K.; Jacobsen, B.K.; Jørgensen, L. Predictive value of general movement assessment for cerebral palsy in routine clinical
practice. Phys. Ther. 2015, 95, 1489–1495. [CrossRef]

24. Braga, S.R.; Júnior, A.R.; Akkari, M.; Sassioto Silveira Figueiredo, M.J.P.; Waisberg, G.; Santili, C. Developmental Dysplasia of the
Hip—Part 1. Rev. Bras. Ortop. 2022, 58, E839–E846. [CrossRef]

25. Lim, Y.; Chambers, T.; Walck, C.; Siddicky, S.; Mannen, E.; Huayamave, V. Challenges in Kinetic-Kinematic Driven Musculoskeletal
Subject-Specific Infant Modeling. Math. Comput. Appl. 2022, 27, 1. [CrossRef]

26. Puig-Diví, A.; Escalona-Marfil, C.; Padullés-Riu, J.M.; Busquets, A.; Padullés-Chando, X.; Marcos-Ruiz, D. Validity and reliability
of the Kinovea program in obtaining angles and distances using coordinates in 4 perspectives. PLoS ONE 2019, 14, e0216448.
[CrossRef]

27. Norkin, C.; White, J. Manual de Goniometría: Evaluación de la Movilidad Articular; Paidotribo: Barcelona, Spain, 2019; Volume 592.
28. Mondal, R.; Nandy, A.; Datta, D.; Majumdar, R.; Hazra, A.; Das, S.K. Newborn joint mechanics. J. Matern. Fetal Neonatal. Med.

2022, 35, 7259–7266. [CrossRef] [PubMed]
29. Valentin, T.; Uhl, K.; Einspieler, C. The effectiveness of training in Prechtl’s method on the qualitative assessment of general

movements. Early Hum. Dev. 2005, 81, 623–627. [CrossRef]
30. Gao, Q.; Yao, S.; Tian, Y.; Zhang, C.; Zhao, T.; Wu, D.; Yu, G.; Lu, H. Automating General Movements Assessment with quantitative

deep learning to facilitate early screening of cerebral palsy. Nat. Commun. 2023, 14, 1–11. [CrossRef]
31. Pires, C.D.S.; Marba, S.T.M.; Caldas, J.P.D.S.; Stopiglia, M.D.C.S. Predictive value of the general movements assessment in preterm

infants: A meta-analysis. Rev. Paul. Pediatria 2020, 38, e2018286. [CrossRef]
32. Beunen, G.; Malina, R.M. Growth and biologic maturation: Relevance to athletic performance. Young Athl. 2008, 1, 3–17.

[CrossRef]
33. Boswell, L.; Adde, L.; Fjørtoft, T.; Pascal, A.; Russow, A.; Støen, R.; Thomas, N.; Broeck, C.V.D.; de Regnier, R.-A. Development of

Movement and Postural Patterns in Full-Term Infants Who Are at Low Risk in Belgium, India, Norway, and the United States.
Phys. Ther. 2024, 104, pzae081. [CrossRef] [PubMed]

34. Utsch, F.; Silva, L.B.; da Cunha Júnior, A.L.; Alves, E.P.; Diniz Silva, C.R.; Vilaça, D.M.F.; Antunes, A.A.M. The role of fidgety
movements and early motor repertoire in predicting mobility outcomes in infants with myelomeningocele. Eur. J. Paediatr. Neurol.
2024, 51, 41–48. [CrossRef] [PubMed]

35. Araki, S.; Kiyama, R.; Nakai, Y.; Kawada, M.; Miyazaki, T.; Takeshita, Y.; Makizako, H. Sex differences in age-related differences
in joint motion during gait in community-dwelling middle-age and older individuals. Gait Posture 2023, 103, 153–158. [CrossRef]

https://doi.org/10.1016/j.earlhumdev.2024.106019
https://www.ncbi.nlm.nih.gov/pubmed/38718464
https://doi.org/10.1016/j.earlhumdev.2022.105685
https://www.ncbi.nlm.nih.gov/pubmed/36240534
https://doi.org/10.1016/j.cmpb.2020.105838
https://doi.org/10.1134/S036211972004012X
https://doi.org/10.1007/978-1-59745-534-3_3
https://doi.org/10.26443/mjm.v9i1.602
https://doi.org/10.3390/jcm12030984
https://doi.org/10.1016/j.jsams.2021.09.193
https://doi.org/10.14444/6077
https://doi.org/10.1016/j.jbiomech.2020.109783
https://doi.org/10.1249/MSS.0000000000002721
https://doi.org/10.3389/fphys.2022.994076
https://www.ncbi.nlm.nih.gov/pubmed/36213228
https://doi.org/10.2522/ptj.20140429
https://doi.org/10.1055/s-0042-1758371
https://doi.org/10.3390/mca27030036
https://doi.org/10.1371/journal.pone.0216448
https://doi.org/10.1080/14767058.2021.1946784
https://www.ncbi.nlm.nih.gov/pubmed/34376101
https://doi.org/10.1016/j.earlhumdev.2005.04.003
https://doi.org/10.1038/s41467-023-44141-x
https://doi.org/10.1590/1984-0462/2020/38/2018286
https://doi.org/10.1002/9780470696255.ch1
https://doi.org/10.1093/ptj/pzae081
https://www.ncbi.nlm.nih.gov/pubmed/38952013
https://doi.org/10.1016/j.ejpn.2024.05.006
https://www.ncbi.nlm.nih.gov/pubmed/38796917
https://doi.org/10.1016/j.gaitpost.2023.05.009


Children 2025, 12, 651 11 of 11

36. Bailey, C.A.; Porta, M.; Pilloni, G.; Arippa, F.; Côté, J.N.; Pau, M. Does variability in motor output at individual joints predict
stride time variability in gait? Influences of age, sex, and plane of motion. J. Biomech. 2020, 99, 109574. [CrossRef] [PubMed]

37. Aartolahti, E.; Lönnroos, E.; Hartikainen, S.; Häkkinen, A. Long-term strength and balance training in prevention of decline in
muscle strength and mobility in older adults. Aging Clin. Exp. Res. 2020, 32, 59–66. [CrossRef]

38. Hunter, S.K.; Angadi, S.S.; Bhargava, A.; Harper, J.; Hirschberg, A.L.; Levine, B.D.; Moreau, K.L.; Nokoff, N.J.; Stachenfeld, N.S.;
Bermon, S. The Biological Basis of Sex Differences in Athletic Performance: Consensus Statement for the American College of
Sports Medicine. Transl. J. Am. Coll. Sports Med. 2023, 8, 1–33. [CrossRef]

39. Kwong, A.K.L.; Fitzgerald, T.L.; Doyle, L.W.; Cheong, J.L.Y.; Spittle, A.J. Predictive validity of spontaneous early infant movement
for later cerebral palsy: A systematic review. Dev. Med. Child. Neurol. 2018, 60, 480–489. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/j.jbiomech.2019.109574
https://www.ncbi.nlm.nih.gov/pubmed/31870659
https://doi.org/10.1007/s40520-019-01155-0
https://doi.org/10.1249/TJX.0000000000000236
https://doi.org/10.1111/dmcn.13697

	Introduction 
	Material and Methods 
	Study Design/Ethics 
	Participants 
	Procedure and Video Processing 
	Statistical Analysis 

	Results 
	Frequency Statistics 
	Interrater Reliability 
	Laterality and Overall RoM Patterns 
	Correlation Analyses 
	Effects of Sex and General Movement Type on Hip Abduction Range of Motion 

	Discussion 
	Conclusions 
	References

