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Abstract

Aim: To assess the inter-assessor reliability of the Motor Optimality Score-Revised (MOS-R) 

when used in infants at elevated likelihood for adverse neurological outcome.

Methods: MOS-R were assessed in three groups of infants by two assessors/cohort. Infants 

were recruited from longitudinal projects in Sweden (infants born extremely preterm), India 
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(infants born in low-resource communities) and the USA (infants prenatally exposed to SARS-

CoV-2). Intraclass correlation coefficients (ICC) and kappa (κw) were applied. ICC of MOS-R 

subcategories and total scores were presented for cohorts together and separately and for age-

spans: 9–12, 13–16 and 17–25-weeks post-term age.

Results: 252 infants were included (born extremely preterm n = 97, born in low-resource 

communities n = 97, prenatally SARS-CoV-2 exposed n = 58). Reliability of the total MOS-R 

was almost perfect (ICC: 0.98–0.99) for all cohorts, together and separately. Similar result was 

found for age-spans (ICC: 0.98–0.99). Substantial to perfect reliability was shown for the MOS-R 

subcategories (κw: 0.67–1.00), with postural patterns showing the lowest value 0.67.

Conclusion: The MOS-R can be used in high-risk populations with substantial to perfect 

reliability, both in regards of total/subcategory scores as well as in different age groups. However, 

the subcategory postural patterns as well as the clinical applicability of the MOS-R needs further 

study.

Keywords

general movement assessment; high-risk infants; motor optimality score-revised; preterm birth; 
reliability; Sars-CoV-2

1 | INTRODUCTION

Early identification of neurodevelopmental impairments in vulnerable infant populations 

remains challenging but is crucial for implementation of early interventions to improve 

outcomes. Today the Prechtl General Movements Assessment (GMA) is applied both in 

clinical and research settings for evaluation of infants with varying medical backgrounds, 

particularly high-risk infants born preterm and/or with brain injury, as well as those with 

genetic and metabolic diseases.1–5 In the guidelines for early detection of infants at high 

risk for cerebral palsy (CP) (<5 months of age), Novak et al.6 recommend that high-risk 

infants be assessed via GMA in combination with brain imaging and the Hammersmith 

Infant Neurological Examination. The most predictive period to assess general movements 

(GMs) is between 9–20 weeks post-term age, the so-called fidgety movement period.7,8 

In recent years it has been shown that apart from the absence of fidgety movements, the 

quantity and quality of other observed movement patterns also add important information 

about severity of impairment.7,9 Equally important, it has been shown that the presence of 

normal fidgety movements is not a guarantee for normal development, especially when 

it comes to non-CP outcomes.9 To handle this, a more detailed additional assessment 

of an infant’s motor repertoire during this period, describing the quantity and quality 

of observed movement patterns can be performed by applying the Motor Optimality 

Score (MOS).7,10 A reduced MOS has shown to be associated with a wide variety of 

different medical conditions such as preterm birth,11 CP (including type and severity),7,12 

gross and fine motor development,13 risk of minor neurological dysfunction,14 language 

impairments,15,16 cognitive impairments,17,18 cystic fibrosis,19 Prader-Willi Syndrome,5 and 

Down Syndrome.4 Infants born extremely preterm have shown greater deviating movements 

and postural patterns compared to infants born at term.20,21
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The MOS was developed by Prechtl, Einspieler and Bos10 and was recently revised 

(MOS-R).7 The MOS-R is based on five different subcategories; (i) temporal organisation 

of fidgety movements, (ii) observed movement patterns (other than fidgety movements), 

(iii) age-adequate movement repertoire, (iv) observed postural patterns and (v) movement 

character. Unlike the MOS, the revised version (MOS-R) provides a detailed description 

of normal and atypical movement patterns to be scored, and criteria how to score the 

age-adequacy of the motor repertoire. Moreover, four movement patterns of the original 

version10 have been deleted (saccadic arm movements, hand-to-face contact, cha-cha-cha 

movements and hand-to-knee contact) whereas hand-to-toe contact has been added and the 

variability of finger postures now includes asymmetry.

Similarly, to many other developmental assessment methods, the MOS-R is built upon 

pattern recognition; therefore, inter-assessor reliability evaluation is crucial when the tool is 

employed across different populations.

Inter-assessor reliability of the original version of the MOS has previously shown to be 

high when used in different populations (intraclass correlation coefficient (ICC): 0.80–

0.98,13,22,23 κw: 0.87–0.91).14 A few studies have also presented inter-assessor reliability 

data for the total MOS-R (ICC: 0.86–0.96).22,24,25 Details regarding reliability across 

different subcategories, however, and whether its use at different age-spans influences 

assessor agreement are less known.

The main aim of this study was, therefore, to evaluate the inter-assessor reliability values 

of the MOS-R at 3–5 months corrected age, total and subcategory scores, when used in a 

large cohort of three independent high-risk infant populations. Participants had an elevated 

likelihood for adverse neurological outcomes and were filmed for the MOS-R assessments 

in different settings. An additional aim was to evaluate if the inter-assessor reliability 

differed when assessing infants at different age-spans.

2 | METHODS

2.1 | Participants

The following infant subsets were included: (1) 97 infants born extremely preterm (EPT) 

from a cohort of an on-going large randomised clinical trial in the Stockholm Preterm 

Interaction-Based Intervention (SPIBI).26 The SPIBI recruits infants born EPT (GA<28 

weeks) from neonatal units in Stockholm, Sweden. Infants from both the intervention and 

control group with complete MOS-R data at 3 months corrected age were included in 

analyses for the purpose of this study. (2) 97 infants from an on-going project of the General 

Movement Assessment in Neonates for Early Identification and Intervention, Social Support 

and Health Awareness (G.A.N.E.S.H.) project.27 The G.A.N.E.S.H. project is a 3-year 

observational cohort study comprising 2000 infants born across four rural districts of Uttar 

Pradesh, India, low-resource communities with a high prevalence of maternal and infant 

malnutrition. The included infants were selected in subsequent order and matched to the 

recording age of the EPT group. (3) 58 infants from a longitudinal on-going study at a single 

tertiary care centre in Los Angeles, California, USA, prenatally exposed to SARS-CoV-2 

during pregnancy between March 2020 to November 2021.28 All participant demographic 
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and clinical characteristics from included participants in the different cohorts are presented 

in Table 1.

2.2 | Design

Fidgety movements, other observed movement and postural patterns were assessed in detail 

using the MOS-R in all three cohorts. All assessors were blinded to medical histories and 

later neurodevelopmental outcomes. Prior to the assessment, the definitions used for specific 

MOS-R items were thoroughly discussed.

All infants born EPT from the SPIBI cohort were recorded at a single occasion using a 

camera with tripod in a home setting by an experienced physiotherapist, in line with the 

GMA procedure.10 Assessment of the recordings were performed separately by two certified 

and experienced assessors (CE and MÖ); but in the same room on October 2021. CE is a 

licensed tutor of the GM Trust and inventor of the MOS-R and MÖ is a certified advanced 

assessor in using the Prechtl GMA both in clinical and research settings.

In the low-resource setting cohort from the G.A.N.E.S.H. project, GMA-certified 

community health workers, video recorded all participating infants at 3–5 months of age. 

Infants were recorded using smartphones in the parents’ home, in health camps or in primary 

health centers.27 Assessment of the MOS-R were performed independently during the period 

of January 2020 to December 2021 by two experienced assessors (CE and MT). MT is a 

neurologist and certified advanced assessor with great experience assessing MOS-R.

The third subset of infants prenatally exposed to SARS-CoV-2 were recorded using 

smartphones and videotaped for 2 to 3 min in their home setting or during a clinic visit 

at 3 to 5 months of age. MOS-R assessments were performed by two certified advanced 

assessors (CE and DZ) independently during a two-month period (November 2021 to 

December 2021). DZ is an experienced assessor and performs GMA analyses regularly 

in different research settings.

2.3 | Motor optimality score—revised (MOS-R)

The MOS-R is based on five subcategories: (i) temporal organisation of fidgety movements 

(maximum 12 points); (ii) observed movement patterns (other than fidgety movements; 

maximum four points); (iii) age-adequate movement repertoire (maximum four points); (iv) 

observed postural patterns (maximum four points); and (v) movement character (maximum 

four points). The assessment is summarised in a MOS-R with a maximum of 28 (best 

possible performance) and a minimum of five points. A MOS-R from 25 to 28 is considered 

optimal, from 20 to 24 mildly reduced, from 9 to 19 moderately reduced, and from 5 to 8 

severely reduced.7,11,29 Infants with a MOS-R <20 require intervention as do all infants with 

a mildly reduced MOS-R if asymmetries are present.7,27

2.4 | Statistical analysis

Data were analysed using SPSS Statistics, version 26.0 (IBM Corp, Armonk, NY). A 

significance level of 0.05 (two tailed) was used. Inter-assessor agreement of the five 

subcategories was identified by weighted kappa statistics since data is ordinal. For the 

Örtqvist et al. Page 4

Acta Paediatr. Author manuscript; available in PMC 2023 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



total MOS-R an intraclass correlation coefficient (ICC2.1) absolute agreement was used to 

evaluate pairwise agreement of sum scores among observers, both for the cohorts separately 

and when assessing all infants together at different age-spans. ICCs is based on the repeated 

measures analysis of variance (ANOVA) and allows comparison of two or more repeated 

measurements. The weighted kappa (κw) results were interpreted according to guidelines 

adapted from Landis and Koch,30 with a κ value of 0.20 defining poor agreement, 0.21–0.40 

as fair, 0.41–0.60 as moderate, 0.61–0.80 as substantial, and between 0.81–1.00 as an almost 

perfect agreement.30

3 | RESULTS

Inter-assessor reliability in the assessment of the total MOS-R ranged from ICC: 0.98–0.99 

(95% CI: 0.97–0.99) for all three cohorts, which can be interpreted as an almost perfect 

agreement (Table 2). In all three cohorts, a substantial to perfect inter-assessor agreement 

was found for all five subcategories (κw: 0.67–1.00), with postural patterns showing the 

lowest κw values of 0.67–0.86 (substantial to almost perfect) and fidgety movements 

the highest values 0.93–1.0 (almost perfect) (Table 3). When evaluating the three cohorts 

together, the inter-assessor reliability was still found to be very high, ICC: 0.99 (0.98–0.99). 

This was also the case when analysing the assessment of MOS-R at different ages, see Table 

4.

4 | DISCUSSION

The aim of the present study was to evaluate the inter-assessor reliability of the recently 

revised MOS-R, including subcategories and in the use across different age-spans, in 

three independent groups of infants with different medical histories and origin. The results 

demonstrated an almost perfect agreement between assessors for the total MOS-R scores, 

both when evaluating the three cohorts separately and merged together. Slightly lower values 

were found for the subcategory postural pattern; however, results were still interpreted as 

substantial to perfect reliability according to the guidelines adapted from Landis and Koch.30 

The category of fidgety movements scored the highest agreement in all three subcohorts. No 

difference in inter-assessor reliability was found when assessing the MOS-R across different 

age-spans. It is worth noting for the subcategory movement character is that the kappa was 

perfect (κw: 1.0) in the EPT cohort, but slightly lower (κw: 0.75 and 0.86) in the other two 

cohorts. One reason for this might be less variation in the EPT cohort for this category, with 

the majority (94%) showing an atypical movement character.

As mentioned in the introduction, previous work has evaluated the reliability of the original 

MOS5,13,14,22,23 or reported reliability data for the total MOS-R when used in smaller 

infant cohorts with different medical histories.22,25 However, to the best of our knowledge, 

this is the first study to evaluate MOS-R inter-assessor reliability, with the inclusion of 

subcategories and different age groups, in a larger infant cohort with different medical 

backgrounds.

In 2009, Fjortoft et al.23 evaluated the inter-assessor reliability when using the MOS in a 

similar setting to that of our study. In both studies, scorers were present in the same room 
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when assessing the recordings and all items were discussed prior to scoring. Their results 

showed a moderate to very high reliability for the subcategories fidgety movements (κw: 

0.75–0.91), movement character (κw: 0.54–0.84), movement patterns (κw: 0.51–0.84) and 

age-adequate movement repertoire (κw: 0.51–0.69). The section postural pattern, however, 

showed a much lower agreement (κw: 0.39–0.56). Inter-assessor reliability of the total 

MOS was very high (ICC: 0.80–0.94). In comparison to our results, the reliability values 

in the 2009 study were lower overall. Our analysis showed an almost perfect agreement 

for all categories in all three cohorts both separately and merged together, except in the low-

resource setting cohort for the specific category postural pattern and movement character, 

where agreement was slightly lower but still interpreted as substantial. The reasons why our 

study and the results by Fjortoft et al.23 differ might be several. One important consideration 

is that two different versions of the assessment were used in the two studies, and this 

may explain some of the discrepancies. In the MOS-R the subcategory postural pattern 
is more clearly defined than in the previous version. Another issue is that the items in 

the subcategory postural pattern are fewer and, therefore, may have a higher impact on 

disagreement, as in the case for example of one or two items in the subcategory movement 
patterns. This means that a disagreement in only one pattern in postural pattern can make a 

substantial difference in the total score of that specific subscore.

Our experience from different clinical and research settings is that it might be easier to 

assess the subcategory age-adequate movement repertoire in infants 9–12 weeks as in this 

case only four normal patterns are required. It also seems easier to assess the repertoire 

in infants older than 16 weeks, as they either present all required patterns or have very 

few age-adequate patterns. Anecdotally, our team has found that in GM courses, GMA 

trainees often have more difficulty agreeing on the age-adequate repertoire when it comes 

to the assessment of infants in the age range between 13–16 weeks. This was, however, 

not confirmed in our analysis of the total MOS-R, since the reliability in all three age 

groups was very high (0.98–0.99). One reason for this might be that all assessors in the 

present study were at advanced level and all items were thoroughly discussed prior to 

scoring, which ensured consistency in the approach. Unfortunately, when merging the three 

groups, individual analyses of the subcategories could not be performed due to statistical 

limitations, as the data did not fulfil two of the obligatory criteria for Fleiss kappa, namely 

the uniqueness of raters and randomly assigned cohorts.

There is a need for expertise and proper training for MOS-R performance. All assessors 

in the study had formal advanced training of the GM trust and were experienced assessors 

with distinct clinical and research backgrounds. The assessors also had experience assessing 

videos together, since one of the assessors (CE) was the same across cohorts and also the 

tutor of the other scorers. This could be regarded as a limitation with respect to clinical 

applicability.

Even though the analysis of the MOS-R requires an advanced scorer and is somewhat more 

time-consuming than the assessment of fidgety movements alone, there is great advantage in 

the performance of a detailed assessment of an infant’s motor repertoire. The MOS-R can 

give a more specific motor profile and guide clinicians when planning targeted treatment 

and early interventions. Depending on findings of the MOS-R, for example if an asymmetry 

Örtqvist et al. Page 6

Acta Paediatr. Author manuscript; available in PMC 2023 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



is noted, an atypical postural pattern is observed, or if the infant presents a lack of age-

adequate movements, different treatment approaches can be applied. The use of the MOS-R 

as a screening tool has been shown to improve the prediction of infants with early adverse 

motor performance who are at increased risk of long-term adverse neurodevelopmental 

outcomes.9,11

While the MOS-R has the above-mentioned limitations for implementation in clinical 

routine assessments, there are a number of strengths that render this tool highly 

advantageous in the risk assessment of vulnerable infant populations.9 Strengths of the 

current study include the large sample size of infants from multiple locations and a 

diverse range of high-risk conditions enabling a variability in MOS-R scores. The fact 

that assessors were blinded to medical history and outcome was also an advantage. In 

all three cohorts, video recordings were performed according to state-of-the art guidelines 

and recommendations.10 Different video-set ups using both video cameras with a tripod 

or smartphones in home settings strengthens our study since this approach mimics that 

of clinical outpatient and field settings for data acquisition. Nevertheless, future studies 

evaluating MOS-R and its clinical applicability when used by assessors with various 

levels of expertise and in neonatal screening programs are warranted. Additionally, studies 

evaluating the inter-rater reliability of specific items important to certain diagnoses such as, 

for example asymmetry of segmental movements or circular arm movements would also be 

of great importance.

5 | CONCLUSION

This study evaluated the inter-assessor reliability of the MOS-R when used in three 

independent high-risk populations (preterm birth, malnutrition, Sars-CoV-2). Our findings 

show an almost perfect agreement between assessors for the total MOS-R score across 

different age groups. Slightly lower reliability values were found for the subcategory 

postural pattern; however, they were still found to be substantial to perfect. Even though 

reliability values are high, we suggest that the subcategory postural patterns needs further 

refinement in future studies. In addition, further studies should evaluate the use of MOS-

R and its clinical applicability when implemented by assessors with varying degrees of 

expertise.
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Key Notes

• The Motor Optimality Score-Revised (MOS-R), can be used in infants at 

elevated likelihood for adverse neurological outcome with an almost perfect 

reliability.

• The MOS-R subcategory postural patterns needs more attention in future 

studies.

• The clinical applicability of the MOS-R needs to be further evaluated.

Örtqvist et al. Page 11

Acta Paediatr. Author manuscript; available in PMC 2023 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Örtqvist et al. Page 12

TABLE 1

Demographic and clinical characteristics of infants evaluated with the MOS-R.

Extremely preterm born cohort Low-resource setting cohort SARS-CoV-2 cohort

Number, n 97 97 58

Sex male/female, n 54/43 47/50 31/27

GA, week, mean ± SD, (min-max) 25 ± 1 (22–27) 39 ± 1 (34–42) 37 ± 2 (27–41)

Birth weight, gram, mean ± SD, (min-max) 825 ± 197 (448–1326)
2801 ± 484 (1700–4000)

a 2798 ± 902 (950–4621)

Recording age post-term, week mean ± SD, 
(min-max)

13 ± 2 (10–21) 13 ± 2 (9–19) 15 ± 4 (10–25)

a
Data missing for four infants due to home or field delivery.
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TABLE 2

Intraclass correlation coefficients (ICC; 95% confidence interval) of inter-assessor reliability (2 scorers in each 

cohort) of the MOS-R when used in three different populations.

MOS-R total score (median) ICC; 95% confidence interval p-Value

Extremely preterm cohort (n = 97) 0.98 (0.97–0.99) <0.001

Low-resource setting cohort (n = 97) 0.98 (0.97–0.99) <0.001

SARS-CoV-2 cohort (n = 58) 0.99 (0.98–0.99) <0.001
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TABLE 4

Intraclass correlation coefficients (ICC; 95% confidence interval) of inter-assessor reliability of the MOS-R 

when used in all infants at different age-spans (post-term age).

Recording age groups ICC; 95% CI

9–12 weeks (n = 93) 0.99 (0.99–1.00)

13–16 weeks (n = 132) 0.98 (0.97–0.99)

17–25 weeks (n = 27) 0.98 (0.96–0.99)

Acta Paediatr. Author manuscript; available in PMC 2023 June 01.


	Abstract
	INTRODUCTION
	METHODS
	Participants
	Design
	Motor optimality score—revised (MOS-R)
	Statistical analysis

	RESULTS
	DISCUSSION
	CONCLUSION
	References
	TABLE 1
	TABLE 2
	TABLE 3
	TABLE 4



