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Objectives To describe writhing General Movements Assessment (GMA) classification and General Movement 
Optimality Score–Revised (GMOS-R) profiles in the general population; to explore relationships between 
GMOS-R scores and GMA classification, age of assessment and infant socio-demographic factors; and to 
establish the inter-rater reproducibility of writhing age GMA classification and GMOS-R.

Study design A cross-sectional study of 1861 infants recruited from the general population in Perth, Western 
Australia, including 7.5% born preterm. Parent-recorded videos were collected between 41- and 45-weeks 
post-menstural age, when writhing movements are typically observed. General movements (GMs) classification 
and GMOS-R were assessed independently by at least 2 experienced advanced-trained clinicians.

Results The majority of infants’ GMs were classified as normal (66.8%) or poor repertoire (33.2%), with one in-

fant’s movements classified as cramped synchronized (0.1%). The median GMOS-R score was 33 (interquartile 
range 27-36). The GMOS-R differentiated GMA classifications. Lower gestational age, any nursery admission, mi-

nority ethnicity, and older age at video collection were each associated with a small but statistically significant 
reduction in GMOS-R scores. GMA classification had excellent inter-rater reliability and agreement. Total 
GMOS-R had excellent inter-rater reliability and moderate agreement.

Conclusions Although most infants had normal GMs there was a high prevalence of poor repertoire GMs in the 
general population. GMOS-R scores effectively differentiated movement quality within the poor repertoire classifi-

cation. This study provides population-based percentile ranks for interpreting individual post-term GM assess-

ments and as a reference for future research. (J Pediatr 2026;291:114962).

G 
eneral movements (GMs) are age specific, endogenously created, spontaneous movements of the whole body, 1 which 
are predictive of cerebral palsy 2 and associated with other neurodevelopmental outcomes. 3-5 Present in fetuses and 
infants, writhing GMs can be observed across the preterm, term and post term period until 45-46 weeks postmenstrual 

age (PMA). After 45-46 weeks PMA, the character of movements changes and at 9-20 weeks post-term, fidgety age GMs 
emerge. 6 Prechtl’s General Movements Assessment (GMA) is an observational tool used to assess GMs based on pattern recog-

nition by gestalt perception. 7 Although associated with diagnosis of cerebral palsy 8,9 there is emerging evidence that writhing 
GMA may be also associated with cognitive development 10-15 and other neurodevelopmental disorders. 16,17 It is recommended 
and routinely used in early assessment of high-risk infants, 18 and there is an increasing interest in the use of the GMA in low-risk 
populations as an early screening tool for neurodevelopmental outcomes.

Assessment of an infant video at writhing age allows classification as either normal or abnormal, with abnormal movements 
classified as poor repertoire, cramped synchronized or chaotic. 19,20 Clinical interpretation varies across abnormal writhing 
GMA classifications. Cramped synchronized movement is strongly associated with abnormal developmental outcomes; 21,22 

however, poor repertoire classification alone does not necessarily indicate a poor prognosis. 14,23

The GM optimality score, a semi-quantified, detailed scoring of writhing age

movements may be conducted alongside the GMA classification to provide addi-

tional detail and aid clinical interpretation. First proposed by Prechtl, 19 it has un-

dergone several iterations. 24 The current version, the General Movement

Optimality Score – Revised (GMOS-R) was published in 2024. 25 The GMOS-R

has a total score of 38 with a higher score indicating more optimal writhing
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movements. The total GMOS-R score includes the GMA 
classification itself (normal/poor repertoire/cramped syn-

chronized/chaotic) comprising a maximum of 2 points, 
with the remaining 36 points made up of neck and trunk 
movement and 8 detailed scoring components of movement 
for both upper and lower limbs. Components include ampli-

tude, speed, spatial range, proximal and distal rotations, 
beginning and end of movements, and stiffness. Each item 
is scored on a scale of 0-2 with 2 indicating optimal perfor-

mance, 1 less optimal, and 0 nonoptimal. Optimality scoring 
at writhing age has been found to have good interrater reli-

ability 6,25 and is increasingly used in both clinical and 
research settings 17,26 for early detection of risk of cerebral 
palsy and other neurodevelopmental conditions.

Despite potential application as a screening tool in the gen-

eral population, most research focuses on infants known to 
be at high-risk of adverse neurodevelopmental outcomes 
(such as preterm infants or those with neonatal complica-

tions), where the prevalence of abnormal writhing move-

ments is reported to be between 61% and 75%. 13,16,25 

Publication of the latest version of the GMOS-R included 
outcomes from a large international cohort of 1983 infants, 
the majority of whom were considered high-risk. 25 Results 
indicate 59% were classified with poor repertoire, 15% 
cramped synchronized movements, and 1% chaotic move-

ments, which were presented alongside percentile ranks so-

cioeconomically stratified by country of birth. However, 
there is a lack of research for both writhing classification 
prevalence and GMOS-R score distributions in the general 
population, and their relationship with infant and sociode-

mographic factors. Population based research has the poten-

tial to improve early detection and allow early intervention 
for neurodevelopmental delays in the low-risk, term popula-

tion and provide a critical point of reference for investiga-

tions into these delays in high-risk children.

The primary aim of this study is to describe term-age 
writhing GMA classification and GMOS-R profiles in the 
general population. The secondary aims are to explore rela-

tionships between GMOS-R scores and GMA classification, 
age of assessment and infant socio-demographic factors, 
and to establish the inter-rater reliability and agreement of 
writhing age GMA classification and GMOS-R.

Methods

This cross-sectional sub-study was part of Early Moves, a 
large population-based prospective cohort study conducted 
in Perth, Western Australia. 27,28 Participants were recruited 
from 2 maternity hospitals: Joondalup Health Campus as a 
subproject of ORIGINS, 29,30 or St John of God Public and 
Private Hospitals Midland. Video data collection occurred 
between November 2019 and March 2024, and video assess-

ment occurred between May 2021 and April 2024. Ethics 
approval was provided by Ramsay Health Care WA | SA 
HREC (1902), St John of God Health Care HREC (1767), 
and WA Child and Adolescent Health Service HREC (4801).

Participants

Any mother intending to give birth or who had recently given 
birth at one of the study hospitals was eligible to participate 
with their infant(s) in the Early Moves study. Exclusion 
criteria included mothers with insufficient English to provide 
informed consent or infants enrolled in an ORIGINS inter-

ventional research study that aims to promote cognitive 
and language development. 27 All participants with least one 
scorable writhing video uploaded were included in 
this study. 28

Infant clinical and maternal socio-demographic data were 
extracted from hospital records including standardized data 
collected by attending midwives for the statewide Western 
Australia Midwives Notification System. 31 Preterm was 
defined as per the World Health Organization guidelines 
(<37 weeks). 32 Admission to special care nursery describes 
admission to nursery at the primary birth site in full days. 
Maternal ethnicity was self-reported. Socioeconomic status 
was measured by the Index of Socio-Economic Advantage 
and Disadvantage which summarizes information about 
the economic and social conditions of people and house-

holds within an area, including both relative advantage 
and disadvantage measures. 33 Maternal ethnicity and socio-

economic status are reported to inform generalizability of 
results and to explore the relationship between socio-

demographic factors and outcomes of the GMA, as previ-

ously identified in high-risk cohorts. 25 For this exploratory 
analysis, families residing in the lowest 2 quintiles were 
classed as having low socioeconomic status. Due to the small 
number of participants recorded as from minority ethnic-

ities, we grouped these participants into a single category 
for comparative analysis. This approach was taken to ensure 
sufficient statistical power and to enable preliminary explo-

ration of potential differences in outcomes between Cauca-

sian and minority ethnic groups. We acknowledge that this 
category is heterogeneous and may encompass a range of 
cultural and social backgrounds and results should be inter-

preted accordingly.

Video Collection and Selection

To increase the likelihood of one scorable video being at-

tained within the writhing period, 2 writhing videos were 
submitted per participant: Video A was collected between 
41.0 and 42.9 weeks and Video B was collected between 
43.0 and 44.9 weeks PMA as per published protocol. 27 Re-

cordings were 3 minutes in length and were collected by par-

ents using the Baby Moves research app. 34,35 Videos were not 
considered scorable if infant or environmental factors or 
video quality prevented assessment of GMA classification, 
or if the baby was less than 5 days postnatal age, despite being 
41 weeks PMA, as it takes time for the GMs to normalize after 
birth. 36 Full details on infant, environmental or video factors 
that are considered to affect scoring have been previously 
published. 28 If one or more components of GMOS-R were 
unable to be assessed due to infant, environmental or video 
factors (eg, distal rotatory components obscured by 
clothing), full GMOS-R score was not calculated.
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A single video per participant was included for analysis. If 
Video A was scorable for GMA classification and GMOS-R, 
this was assessed and used for analysis, and Video B was 
not reviewed. If Video A was not uploaded or uploaded but 
not scorable for GMA classification and/or GMOS-R, the 
Video B was assessed and used for analysis. If neither video 
was scorable for GMOS-R, but both were scorable for 
GMA classification, data for Video B were used.

General Movement Assessment

Assessors consisted of 7 senior physiotherapists with 
advanced training in Prechtl’s GMA and experience using 
the GMA with neonates in a tertiary clinical setting. Prior 
to commencing work with the Early Moves study, project as-

sessors had a mean of 5.2 years (range 3-8 years) experience 
conducting GMA classification and 1.3 years (range 0-4 years) 
experience conducting GMOS assessments. All assessors 
(including those with previous advanced training) completed 
GMs Advanced Course B in Perth, Western Australia, in May 
2021, conducted by the GM Trust [hyperlink: General 
Movements Trust-The Prechtl General Move-

ment Assessment].

The scorable videos were independently assessed by 2 
randomly selected assessors, who were masked to birth history 
including gestational age and any clinical information. Each 
video was first assessed for GMA classification using the gestalt 
assessment. Writhing movements are classified as normal 
when movements are variable, fluent, and show complex se-

quences throughout the whole body. Abnormal movements 
lacking the variability, fluidity and smoothness of normal 
movements are classified as (1) poor repertoire when move-

ments lack complexity and sequences are monotonous and re-

petitive, (2) cramped synchronized when movements are 
characterised by rigidity, simultaneous contraction and relax-

ation of the limbs and trunk, or (3) chaotic when movements 
are large amplitude, jerky, and disorganized. Examples of 
normal and poor repertoire movements are shown in Video 
1, available at www.jpeds.com and Video 2, available at 
www.jpeds.com. The same 2 assessors independently 
conducted the full GMOS-R assessment 1 day later to 
reduce likelihood of gestalt scoring influencing GMOS-R 
assessment as per recommended guidelines. 25

As per published protocol, 27 if the 2 independent assess-

ments of each video showed a different GMA classification, 
or the GMOS-R scores were different by more than 5 points, 
a third assessor (AJS, CM, or NA), masked to clinical history 
and previous assessment outcomes, conducted a final assess-

ment. This third assessment was used for the purpose of final 
analysis. If a third assessment was not conducted due to satis-

factory agreement between the first and second assessment, 
the assessment used for analysis was randomly selected be-

tween the 2.

Statistical Analysis

Descriptive statistics, including count and percentage for cat-

egorical variables, mean and standard deviation (SD) for nor-

mally distributed variables and median and interquartile

range (IQR) for non-parametric variables were used. To 
explore differences in GMOS-R distribution between GMA 
classifications, infant factors (sex, prematurity, and special 
care nursery stay), maternal sociodemographic factors 
(ethnicity, socioeconomic status) and video factors (age at 
video collection), the Mann–Whitney test was used.

For categorical variables (GMA classification and GMOS-

R items) inter-rater reliability was assessed using Gwet’s 
Agreement Coefficient 1 (AC 1 ), 37 whereas inter-rater agree-

ment was assessed using percentage agreement with 95% 
confidence intervals (CIs). Reliability and agreement for cat-

egorical outcomes were interpreted using definitions of slight 
(0.00-0.20), fair (0.21-0.40), moderate (0.41-0.60), substan-

tial (0.61-0.80) and almost perfect (0.81-1.00). 38 For the total 
GMOS-R assessment, intraclass correlation coefficient (ICC) 
using a two-way random effects model for absolute agree-

ment inter-rater reliability was analyzed and interpreted us-

ing definitions of poor (<0.4), weak (0.4-0.54) moderate 
(0.55-0.69), good (0.70-0.84) and excellent (>0.85). 39 Inter-

rater agreement was assessed using limits of agreement. 40 

Clinically acceptable limits of agreement were set a priori 
as ± 5 points. 27 All statistical analysis was conducted in Stata 
v16 (StataCorp, Texas USA). 41

Results

Writhing videos were uploaded for 2165 participants, of 
which 1861 were scorable for GM classification and included 
for analysis. More detailed exploration of video quality and 
factors influencing video upload have been reported else-

where. 28 Of infants with a scorable video, 1722 were born 
at term and 139 were born preterm. Infants had a mean gesta-

tional age of 39.0 weeks (SD 1.6, range 26.3-42.9) and mean 
birthweight of 3354g (SD 530, range 811 – 4940). Participant 
characteristics are presented in Table I. Average age of infants 
at video collection was 42.9 weeks PMA (SD 1.1) with 462 
(24.8%) recordings completed during the term period – by 
41.9 weeks – and 1399 (75.2%) recorded during the post-

term period – after 42 weeks. Average postnatal age at 
video collection was 3.9 weeks (SD 1.9, range 0.6-14.9).

GMA Classification

The majority of infants (n = 1243; 66.8%) were classified with 
normal GMs, and almost a third (n = 617; 33.2%) were clas-

sified with poor repertoire GMs. One infant (0.1%) was clas-

sified as having cramped synchronized GMs, and no infants 
had chaotic GMs.

GMOS-R Scores

Videos were of sufficient quality for GMOS-R scoring for 
1703 infants (91.5%). Median GMOS-R was 33, with an 
IQR of 27 to 36 (see Table II) and total range of 14 to 38. 
Sub scores were similar for the lower and upper extremity 
with both showing a mean of 14 and IQR of 12 to 15. As 
shown in Figure 1, infants classified with normal writhing 
movements scored significantly higher (Z = 33.45,
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P < .001) and had a smaller range (range = 11 points; 27-38) 
than those classified with poor repertoire writhing 
movements (range = 18 points; 14-32). The single infant 
with cramped synchronized movements had a GMOS-

R of 14.

Within the category of normal writhing movements, each 
optimal criterion (ie, score of 2) was met by more than 70% 
of infants, with the exception of upper and lower extremity 
distal rotatory components, which was observed in 62% 
and 69% of infants respectively (Table III). Among infants 
with normal writhing movements, sub scores were similar

for the lower and upper extremity with both showing a 
mean of 15 and IQR of 14 to 16.

Within the category of poor repertoire writhing move-

ments, each optimal criterion was met by 20-65% of infants, 
with the exception of the trunk (6%) (Table III). Among 
infants with poor repertoire writhing movements, sub 
scores were similar for the lower and upper extremity with 
both showing a mean of 11, and IQR of 9 to 12 for lower 
extremity, and 10 to 12 for upper extremity.

GMA and Infant Factors

In infants born at term, 32.5% were classified as having poor 
repertoire movements, compared with 40.6% of infants born 
preterm, though this difference did not reach statistical sig-

nificance (χ 2 = 3.69, P = .055). As shown in Figure 2A, 
gestational age had a small statistically significant effect on 
GMOS-R scores, with term-born infants having higher 
GMOS-R scores than infants born preterm (Z = 2.66, 
P = .008). Gestational age was also associated with a small 
statistically significant reduction in GMOS-R scores 
amongst those classified as normal (Z = 1.97, P = .049), 
but there was no effect among those classified with poor 
repertoire (Z = 0.61, P = .545).

No statistically significant difference was found in GMA 
classification between male infants (34.7% poor repertoire) 
compared with female infants (31.3% poor repertoire;

χ 2 = 3.35, P = .187). As shown in Figure 2B, infant sex had 
no effect on GMOS-R scores in the overall group 
(Z = − 1.10, P = .27), among those classified with normal 
GMs (Z = 0.63, P = .532), or poor repertoire 
(Z = − 0.61, P = .541).

In infants admitted to a special care nursery, 35.6% were 
classified as having poor repertoire movements, compared 
with 32.4% of infants without nursery admission, 
though this difference did not reach statistical 
significance (χ 2 = 5.45, P = .066). As shown in Figure 2C, 
admission to a special care nursery had a small statistically 
significant effect on GMOS-R scores overall (Z = 1.98, 
P = .047), but was unrelated to GMOS-R among those 
classified as normal (Z = 1.41, P = .157) or poor repertoire 
(Z = − 0.31, P = .753).

GMA and Maternal Socio-Demographic Factors 
Infants residing in low socioeconomic areas were more likely 
to be classified as having poor repertoire movement (35.2%) 
compared with those in higher socioeconomic areas (32.7% 
poor repertoire; χ 2 = 6.34, P = .042). As shown in 
Figure 2D, GMOS-R scores were not significantly different 
between infants residing in low and high socioeconomic 
areas overall (Z = 0.76, P = .447), among those classified as 
normal (Z < 0.01, P = .997) or poor repertoire 
(Z = − 0.26, P = .796).

Infants of mothers from minority ethnicities were more 
likely to be classified with poor repertoire movements 
(40.6%) than infants of Caucasian mothers (30.8%;

χ 2 = 12.06, P = .002). As shown in Figure 2E, maternal 
ethnicity had a small statistically significant effect on

Table I. Participant characteristics

Characteristics Participants n = 1861 n (%)

Infant characteristics
Sex, male 990 (53.2)
Plurality, twins 41 (2.2)

Estimated gestation, wks
<28 3 (0.2)
28 + 0-31.9 8 (0.4)
32 + 0-36.9 128 (6.9)
37 + 0-40.9 1606 (86.3)
³41.0 116 (6.2)

Birth weight, g
<1000 1 (0.1)
1000-1499 7 (0.4)
1500-2499 95 (5.1)
³2500 1751 (94.4)

SCN stay at the primary site, d

None 1487 (80.6)
1-3 262 (14.2)
4-7 41 (2.2)
³8 56 (3.0)

Sociodemographic characteristics
Maternal ethnicity

African 14 (0.8)

Asian 123 (6.7)
Caucasian 1492 (81.7)
Indian (sub-continent) 50 (2.7)
Indigenous Australian 12 (0.7)
M�aori or Polynesian 7 (0.4)
Other 129 (7.1)

Socio-economic status
Lowest quintile 96 (5.2)
Lower middle quintile 185 (10.0)
Middle quintile 460 (24.8)
Upper middle quintile 776 (41.8)
Upper most quintile 340 (18.3)

Table II. Population-based GMOS-R percentile ranks 
for all infants, and according to the different general 
movement classifications assessed during the post-

term period (41.0 to 44.9 weeks postmenstrual age)

Percentile

Normal

n = 1142

Poor repertoire

n = 560

Total group

n = 1703

P90 38 29 37
P75 36 27 36
P50 35 25 33
P25 33 23 27

P10 32 20 24
P5 30 19 22
P1 29 15 17
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GMOS-R scores overall (Z = − 2.56, P = .010), but no effect 
within those classified as normal (Z = − 0.27, P = .784) or 
poor repertoire (Z = 0.54, P = .591).

GMA and Video Factors

Infants assessed at post-term age (42.0-45.9 weeks PMA) 
were more likely to be classified with poor repertoire move-

ments (35.6%) than those assessed at term age (25.8%;

χ 2 = 15.52, P < .001), with significantly lower GMOS-R

scores overall (Z = 2.96, P = .003), but not among those clas-

sified as normal (Z = 0.39, P = .694) nor among those classi-

fied with poor repertoire (Z = − 0.52, P = .604), as shown 
in Figure 2F.

GMA Inter-rater Reliability and Agreement

Of the 1861 videos assessed, 187 (10%) went to third review 
due to difference in GMA classification (n = 90), difference in

Figure 1. Distribution of the General Movements Optimality Score - Revised (GMOS-R) of normal general movements (GMs), 
poor repertoire GMs, and all GMs. The boxes represent the 25th to 75th percentiles, with the horizontal line indicating the median 
score. The whiskers represent the upper and lower adjacent values (1.5 IQR) and the markers denote statistical outliers.

Table III. Optimal criteria n (%) met within each category of GMs, and inter-rater reliability and agreement for each 
criterion

Criterion
Normal n = 1142 

n (%)
PR n = 560 

n (%)
Total n = 1703 

n (%)
Inter-rater reliability Gwets AC 1 

(95% CI)
Inter-rater agreement % agreement 

(95% CI)

Neck 933 (82) 146 (26) 1079 (63) 0.66 (0.62-0.69) 0.73 (0.71-0.76)
Trunk 834 (73) 35 (6) 869 (51) 0.55 (0.52-0.59) 0.68 (0.65-0.71)
Upper extremity 

Amplitude 1034 (91) 280 (50) 1314 (77) 0.78 (0.75-0.82) 0.81 (0.78-0.84)
Speed 1085 (95) 366 (65) 1452 (85) 0.79 (0.76-0.82) 0.81 (0.78-0.83)
Spatial range 865 (76) 129 (23) 994 (58) 0.67 (0.64-0.71) 0.75 (0.73-0.78)
Proximal rotatory

component 
1055 (93) 277 (50) 1333 (78) 0.70 (0.67-0.73) 0.75 (0.72-0.78)

Distal rotatory 
components 

707 (62) 161 (29) 869 (51) 0.45 (0.41-0.49) 0.60 (0.57-0.63)

Beginning 933 (82) 152 (27) 1085 (64) 0.58 (0.55-0.62) 0.68 (0.65 – 0.71)
End 984 (86) 180 (32) 1164 (68) 0.68 (0.65-0.71) 0.75 (0.72-0.78)
Stiffness 857 (75) 327 (59) 1184 (70) 0.60 (0.56-0.63) 0.69 (0.66-0.72)

Lower extremity 
Amplitude 1062 (93) 294 (53) 1356 (80) 0.76 (0.74-0.79) 0.79 (0.76-0.82)
Speed 1072 (94) 349 (62) 1421 (84) 0.79 (0.76-0.82) 0.81 (0.78-0.84)

Spatial range 875 (77) 119 (21) 994 (58) 0.67 (0.64-0.71) 0.75 (0.72-0.78)
Proximal rotatory

components 
967 (85) 198 (35) 1165 (69) 0.66 (0.62-0.69) 0.71 (0.68-0.74)

Distal rotatory 
components 

784 (69) 174 (31) 958 (56) 0.51 (0.48-0.55) 0.66 (0.61-0.67)

Beginning 860 (75) 127 (23) 987 (58) 0.54 (0.50-0.58) 0.65 (0.62-0.68)

End 892 (78) 155 (28) 1047 (62) 0.59 (0.55-0.62) 0.68 (0.66-0.71)
Stiffness 876 (77) 285 (51) 1161 (68) 0.57 (0.54-0.61) 0.67 (0.64-0.70)
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GMOS-R of more than 5 points with agreement on GMA 
classification (n = 30), or difference in GMA classification 
and GMOS-R score of more than 5 points (n = 67).

Inter-rater reliability for GMA classification was excellent 
with Gwet’s AC 1 of 0.903 (95% CI 0.877-0.928) and almost 
perfect agreement of 92.4% (95% CI 90.1-94.8).

Inter-rater reliability for the GMOS-R was excellent, with 
ICC = 0.88 (95% CI 0.87-0.89), whereas inter-rater agreement

was moderate with limits of agreement of ± 5.2 points. As 
shown in Figure 3, the Bland-Altman plot indicates poorer 
agreement was seen when the mean score was within the 
range of 22 to 32. Substantial inter-rater reliability was 
found for the lower extremity (ICC = 0.77, IQR 0.75-0.79) 
and upper extremity (ICC = 0.77, IQR 0.75-0.79). Inter-

rater agreement was moderate with limits of agreement of

± 3.3 points for lower and ± 3.0 points for upper extremity.

Figure 2. Comparison of distribution of the General Movements Optimality Score - Revised (GMOS-R) of normal general 
movements (GMs), poor repertoire GMs, and all GMs by A: gestational age, B: infant sex, C: admission of at least 1 day to special 
care nursery (SCN), D: socioeconomic status (SES), E: maternal ethnicity and F: age at video collection. The boxes represent the 
25th to 75th percentiles, with the horizontal line indicating the median score. The whiskers represent the upper and lower 
adjacent values (1.5 IQR) whereas the markers denote statistical outliers. * = statistically significant difference at P = £.05,

** = statistically significant difference at P = £.01.
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Inter-rater reliability for individual GMOS-R criteria was 
weak to substantial, with Gwet’s AC 1 ranging from 0.45 (for up-

per limb distal rotatory components) to 0.79 (upper and lower 
limb speed). Inter-rater agreement for individual GMOS-R 
criteria was moderate to substantial with percentage agreement 
ranging from 0.60 (upper limb distal rotatory components) to 
0.81 (upper limb amplitude, and upper and lower limb speed).

Discussion

This study presents general population-based percentile 
charts for writhing age GMA classification and GMOS-R. A 
high prevalence of normal writhing movements was observed 
among the predominantly healthy and mostly term-born 
population. Only one infant was found to have cramped syn-

chronized movements and no infants had chaotic move-

ments. Although the prevalence of poor repertoire writhing 
movements in our cohort was lower than what has been re-

ported among high-risk infants, 16,25 poor repertoire writhing 
was observed in one third of the general population.

This study presents general population-based percentile 
charts for GMOS-R, irrespective of GMA classification, 
finding a median GMOS-R of 33, with 5% of infants scoring 
22 or less, and 1% scoring 17 or below. These normative data 
represent the range of performance on the GMOS-R that may 
be expected in a general population, providing a reference 
group against which an individual’s results can be compared 
as a starting point for the interpretive process.

When considering GMOS-R scores within GMA classifica-

tions, infants classified with normal writhing movements in 
this population-based cohort had similar median, IQR and 
range of GMOS-R scores to high-risk infants classified as 
having normal writhing movements. 25 However, among in-

fants classified as having poor repertoire writhing, infants

in this population-based cohort had similar range scores, 
but higher median and IQR GMOS-R scores compared 
with reported scores from high-risk infants. 25 This indicates 
that infants in the general population tend to display more 
optimal movements within the classification of poor reper-

toire and suggests the GMOS-R is capable of differentiation 
of movement quality within the classification of poor reper-

toire, which may aid interpretation of GMA outcomes. 
Inter-rater reliability and agreement for GMA classifica-

tion were found to be excellent replicating previous 
work. 42,43 GMOS-R inter-rater reliability was also found to 
be excellent however the inter-rater agreement was only 
considered moderate. In particular, it is noted that poorer 
GMOS-R inter-rater agreement is observed within the range 
of 22-32, where the classification of normal and poor reper-

toire score ranges overlap.

Gestational age, infant sex and admission to a special care 
nursery were found to have a small but significant influence 
on GMA classification and GMOS-R scores in this 
population-based cohort, aligning with known risk factors 
for adverse developmental outcomes in a term born popula-

tion. 44 Only one previous study has explored the relationship 
between GMOS-R and gestational age or sex, finding no as-

sociation. However, this previous study was of high-risk in-

fants and therefore may be explained by low variance and 
high risk of confounders. 25

Sociodemographic variables were not related to GMOS-R 
scores within GMA classifications, suggesting that recently 
published differences in GMOS-R scores by socioeconomic 
status of the country of birth 25 are not replicated at a local 
level in a high-income country. However, infants residing 
in low socioeconomic areas and infants of mothers from mi-

nority ethnicities were more likely to receive a poor reper-

toire classification, with maternal ethnicity showing a 
significant association with GMOS-R scores overall. The 
group of infants of mothers from minority ethnicities is het-

erogeneous, including participants from many different cul-

tural and social backgrounds. Future studies with larger and 
more diverse samples are needed to explore outcomes by spe-

cific ethnicities and cultures to better understand potential 
differences and ensure appropriate development of relevant 
stratified percentile ranks to aid clinical interpretation. 

This study’s strengths lie in its use of a very large 
population-based sample from a birth cohort previously re-

ported as representative of the local birthing population in 
terms of infant risk factors. 28 The standardization of data 
collection processes, including substantial support to ensure 
high-quality recordings and double-scored videos, enhanced 
the quality of data collected.

Generalizability to lower-income or diverse health care set-

tings may be limited by the metropolitan setting in a high-

income country. Further, only one infant was identified to 
have a cramped synchronized movement pattern which is 
more strongly associated with cerebral palsy than poor reper-

toire. 21 This limited the study’s ability to explore the relation-

ship between GMOS-R and cramped synchronized 
classification. Although we asked families to record the

Figure 3. Bland-Altman plot of agreement between the 2 
assessors from the General Movement Optimality Score 
-Revised.
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videos in both the term and the post term period, if the first 
video was not uploaded, the second video was scored. As 
families were not randomly allocated into timing of videos, 
there is potential bias due to external factors such as less 
settled infants influencing when a family managed to com-

plete their first video, which may explain the association be-

tween age at video collection and GMA outcome.

This study demonstrates that the poor repertoire classifica-

tion is relatively common within a general population sam-

ple, though within this classification infants tend to have 
higher GMOS-R scores compared with high-risk cohorts. 
This finding underscores the value of reporting a GMOS-R 
score alongside a GMA classification, to support clinical 
interpretation. Further research examining the relationship 
between GMA classification and GMOS-R scores and devel-

opmental outcomes across both high- and low-risk infant 
populations is required to understand predictive utility of 
the GMA classification and GMOS-R, and aid in setting 
appropriate cut off scores for monitoring and intervention.

In summary, this study has provided general population-

based percentile ranks from the largest population-based da-

taset of writhing GMA. The percentile ranks offer a critical 
reference point for the initial interpretation of individual 
post-term writhing GMA results, and a valuable resource 
for future research. n
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