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A B S T R A C T

Objectives: Fundamental motor skills (FMS) are the foundation of children’s movement, requiring 
tailored training and guidance for development. As an emerging training method, functional 
training is optimistic in promoting the development of children’s fundamental motor skills. 
However, current studies have not assessed the effect of functional training on fundamental motor 
skills. This review aims to address this gap by evaluating the effects of functional training on 
fundamental motor skills.
Design: A search was conducted in five databases: PubMed, Scopus, ProQuest, Web of Science, and 
SPORT Discus, from January 2000 to June 2023.
Method: This search followed the Preferred Reporting Items for Systematic Reviews and Meta- 
Analyses guidelines.
Results: The results of the search identified a total of twenty-six articles. Improvements were 
primarily demonstrated in the three main areas of fundamental motor skills: locomotor skills (n =
17), balance skills (n = 10), and object control skills (n = 2).
Conclusions: The results suggest that functional training programs can improve children’s 
fundamental motor skills. Existing evidence also concludes that functional training significantly 
impacts locomotor and balance skills, whereas further research is required to confirm its positive 
effects on object control skills.

1. Introduction

Fundamental motor skills (FMS) are the foundation of children’s movement, comprising three key components: locomotor, object 
control, and balance skills [1]. Recent studies have highlighted their role in children’s overall physical development and their ability to 
engage in various physical activities and sports. One key finding from these studies is that children with well-developed FMS tend to be 
more physically active. Children with a solid foundation in FMS feel more confident and competent in participating in different 
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physical activities [2]. Moreover, increasing evidence suggests that the proficiency of FMS is bound up with an individual’s health 
condition at all stages of life [3]. For example, children with inadequate FMS are at greater risk of developing sedentary behaviours and 
obesity in adolescence and adulthood [4]. In contrast, those without the opportunity to develop FMS may be susceptible to physical 
delays [5]. Unfortunately, the reality is that children worldwide have insufficient FMS. Many countries have reported low FMS 
proficiency among children, and many pre-adolescents lack the necessary mastery of these fundamental motor skills [6–8].

According to Gallahue’s Hourglass Model of motor development theory, children learn motor skills sequentially, and the optimal 
age for FMS development is 5–7 years [9]. Furthermore, research indicates that children do not acquire FMS naturally as they grow 
older and must be trained and guided accordingly [2]. Numerous publications have demonstrated a significant positive correlation 
between FMS proficiency and training intervention [10]. Structured programs and targeted exercises incorporating endurance 
training, strength training, repetitive practice, and skill-specific drills have been commonly utilised to improve FMS. This evidence 
highlights the importance of implementing training interventions to improve FMS proficiency. However, several systematic reviews 
show that existing training methods have not demonstrated comprehensive effectiveness in improving the performance of FMS. 
Moreover, these methods increase injury risks, especially in children [5].

Researchers and practitioners are actively exploring more efficient ways to improve FMS. During this process, the extensive 
popularity of functional training has garnered significant interest from researchers. Functional training is an exercise program that 
aims to improve an individual’s ability to perform everyday activities and movements efficiently and reduce the risk of injury [11,12]. 
It emphasises the development of coordination, stability, and flexibility through fundamental movement patterns and basic human 
body postures. Functional training is also a dynamic approach which focuses on coordinating the overall body activity of the muscles, 
bones, and joints to achieve specific goals [13]. According to specific training goals, the exercises and techniques used in functional 
training may vary significantly. Generally, it can be categorised as pure and mixed functional training [12]. In contrast, the main 
difference is mixed functional training integrates with various other training methods, such as functional resistance training and 
functional balance training [14,15]. The core principle behind them is the same: it mainly emphasises the closed kinematic chain [16]. 
These properties distinguish it from more conventional exercise methods, highlighting why it can make the body have the effect of one 
plus one being greater than two in different fields of application, including rehabilitation and sports training. It effectively enhances 
motor skills in children with cerebral palsy and movement disorders [17,18]. In addition, it can also improve athletic performance, 
promote physical fitness, and reduce the risk of sports-related injuries in healthy children [19–22].

Functional training has many properties and advantages strongly associated with the development of FMS. This understanding has 
led to increased research studies using functional training as a potential intervention to improve the FMS of children. However, the 
current state of knowledge regarding the impact of functional training on children’s ability to enhance FMS is unclear. Therefore, this 
systematic review was conducted to evaluate the effect of functional training on FMS in children.

2. Materials and methods

2.1. Protocol and Registration

The systematic review was structured and reported according to the Preferred Reporting Items for Reporting Systematic Reviews 
and Meta-Analyses guidelines [23]. The study was registered in the International Prospective Register of Systematic Reviews, 
CRD42022313408.

2.2. Search Strategy

The detailed literature search was conducted across five databases: PubMed, Scopus, ProQuest, Web of Science, and SPORT Discus, 
covering studies published between January 2000 and June 2023. The following search keywords were used: (“functional training” OR 
“functional exercise” OR “functional task training” OR “functional correction training” OR “functional fitness training”) AND 
(“fundamental motor skill” OR “fundamental movement skill” OR “basic motor skill” OR “motor competence” OR “gross motor skill”) 
AND (“child*” OR “adolescent” OR “kid” OR “youth”). Additionally, this study identified other potential papers by conducting a 
citation search on Google Scholar. Apart from the primary systematic electronic searches, manual searches were undertaken on the 
reference lists of all the articles included in the study.

2.3. Eligibility criteria

The review employed PICOS (population, intervention, comparison, outcome, and study design) principles to establish the in-
clusion criteria [24]. Records included only pertained to functional training for children’s fundamental motor skills. Studies were 
included when they satisfied the following criteria:

(1) Full text published in English. (2) The subjects included were children under the age of 18; (3) The study design involves 
randomised controlled trials (RCTs) or non-RCTs with two or more groups or a one-group design with a pre-post-test; (4) The inter-
vention involves functional training, including the methods, modes associated with functional training, and their integration with 
other training methods; (5) The outcomes of the study reported the development of FMS.

Studies meeting the following criteria were not considered: (1) Studies that did not conduct functional training interventions or the 
experiment did not include pre-test or post-test; (2) Studies that did not report any outcomes or detailed data on FMS; (3) Research 
subjects are not children or age-inappropriate; (4) Reviewed articles, conference papers, abstracts, and studies published in languages 
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apart from English.

2.4. Study selection

The entire collection of articles was integrated into Mendeley and subjected to a duplication check. In the initial stage, two in-
dependent reviewers (ZD, KS) examined the titles and abstracts following the predefined inclusion and exclusion criteria. Additionally, 
articles that couldn’t be conclusively identified based on their title or abstract underwent a thorough full-text assessment. Subse-
quently, a full-text review was conducted to extract information and data from articles identified and agreed to be included. In the 
event of any disagreements during this process, a discussion was held to reach a consensus. If mutual agreement could not be reached, a 
third reviewer (YC) was included to settle the argument.

2.5. Data Extraction

Specific data was extracted from the articles and recorded in a specially designed Excel table. The recorded data included the 
following: (1) authors, year, and country; (2) sample characteristics (e.g., age, gender, and sample size); (3) intervention (e.g., content, 
duration, intensity, and frequency); (4) study design; (5) The outcomes mainly include three aspects of fundamental motor skills (e.g., 
locomotor, object control, balance) and their specific test results (e.g., pre and post). Two separate reviewers went through this process 
independently.

Fig. 1. Article selection process flow chart (PRISMA).
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2.6. Quality assessment

The Physiotherapy Evidence Database (PEDro) scale was employed to examine the standard of the experimental procedures. The 
scale has been demonstrated to have good validity and reliability for evaluating the methodological quality of clinical trials [25,26]. It 
evaluates four aspects of the research method: the randomisation process, the blinding procedure, the group comparison, and the data 
analysis. It comprises a checklist of 11 items scored by responding with a yes (1 point) or no (0 points). Criteria 2–11 were used to 
calculate the PEDro score. A higher score indicates a higher level of methodological quality. It proposes that these scores may be 
evaluated as follows: 9–10 represents excellent quality; 6–8 represents good quality; 4–5 represents fair quality; and a score smaller 
than four represents poor quality. Two reviewers evaluated the articles independently. When faced with conflicting views, the re-
viewers discussed the issue or sought an evaluation from a third reviewer.

3. Results

The search results were reviewed and assessed by establishing specific criteria for including and excluding literature. This sys-
tematic review ultimately identified 26 articles, encompassing both RCTs and non-RCTs, that investigated the impact of functional 
training on children’s fundamental motor skills. The publications encompassed a period from 2000 to 2023. Research in the field has 
seen significant advancement since 2014, resulting in an increased number of articles. 22 of the 26 articles were published within the 
last ten years.

3.1. Study selection

The original search yielded 1589 articles (PubMed = 34, Scopus = 63, ProQuest = 954, Web of Science = 39, SPORT Discus = 499). 
An additional 11 studies were included by reference checking (n = 9) and Google Scholar (n = 2). When removing duplicates (n =
146), an initial screening was conducted based on article titles and abstracts, resulting in 88 remaining articles. Subsequently, these 
selected articles underwent a thorough full-text review. Finally, 26 articles met the inclusion criteria and were included in the final 
analysis. The detailed evaluation process is depicted in Fig. 1.

3.2. Quality assessment

All studies were evaluated according to the PEDro criteria. Table 1 presents the assessment findings. Thirteen articles achieved a 
score of five points, signifying acceptable quality. Meanwhile, one piece scored six points, eight articles scored seven points, and three 

Table 1 
Summary of methodological quality assessment scores.

Part 1 Part 2 Part 3 Part 4 Part 5 Part 6 Part 7 Part 8 Part 9 Part 10 Part 11 Score

Norambuena et al. (2021) [29] 1 0 0 1 0 0 0 1 1 1 1 5
Baron et al. (2020) [30] 1 0 0 1 0 0 0 1 1 1 1 5
Katsanis et al. (2021) [31] 1 0 0 1 0 0 0 1 1 1 1 5
Laurent et al. (2018) [32] 1 1 1 1 0 0 0 1 1 1 1 7
Labib (2014) [33] 1 0 0 1 0 0 0 1 1 1 1 5
Yildiz et al. (2018) [34] 1 0 0 1 0 0 0 1 1 1 1 5
Song et al. (2014) [35] 1 0 0 1 0 0 0 1 1 1 1 5
Liao et al. (2017) [36] 1 1 1 1 0 0 0 1 1 1 1 7
Marta et al. (2019) [37] 1 1 1 1 0 0 0 1 1 1 1 7
Eather et al. (2016) [38] 1 1 1 1 0 0 1 1 1 1 1 8
Carvutto et al. (2021) [39] 1 1 1 1 0 0 0 1 1 1 1 7
Baron et al. (2020) [51] 1 0 0 1 0 0 0 1 1 1 1 5
Bonney et al. (2019) [40] 1 1 1 1 0 0 0 1 1 1 1 7
Gorter et al. (2009) [17] 1 0 0 1 0 0 0 1 1 1 1 5
Mikołajczyk et al. (2014) [50] 1 0 0 1 0 0 0 1 1 1 1 5
Emara et al. (2016) [42] 1 1 1 1 0 0 1 1 1 1 1 8
Ansa et al. (2020) [43] 1 0 0 1 0 0 0 1 1 1 1 5
Surana et al. (2019) [18] 1 1 1 1 0 0 0 1 1 1 1 7
Ketelaar et al. (2001) [44] 1 1 1 1 0 0 1 1 1 1 1 8
Salavat et al. (2017) [45] 1 0 0 1 0 0 0 1 1 1 1 5
Blundell et al. (2002) [46] 1 0 0 1 0 0 0 1 1 1 1 5
Mikołajczyk et al. (2014) [50] 1 1 1 1 0 0 0 1 1 1 1 7
Ahl et al. (2005) [47] 1 0 0 1 0 0 0 1 1 1 1 5
Farrokhian et al. (2021) [48] 0 1 1 1 0 0 0 1 1 1 1 7
Van Tittelboom et al. (2023) [49] 1 0 0 1 0 0 1 1 1 1 1 6
Abd-Elfattah et al. (2022) [28] 1 1 1 1 1 1 1 1 1 1 1 10

Part 1, eligibility criteria specified; Part 2, random allocation; Part 3, concealed allocation; Part 4, groups similar at baseline; Part 5, participant 
blinding; Part 6, therapist blinding; Part 7, assessor blinding; Part 8, fewer than 15 % dropouts; Part 9, intention-to-treat analysis; Part 10, between- 
group statistical comparisons; Part 11, point measures and variability data.
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reached eight points, all indicating good quality. Solely one study showcased excellent quality and attained a perfect score of 10. The 
mean score was 6.19, and no low-quality studies were included, indicating that the overall quality of the research was good. All the 
articles met the following five assessment criteria: similar at baseline, 15 % dropouts, intention-to-treat analysis, between-group 
comparisons, and point measurements and variability [27]. Furthermore, subjects and experimenters were blinded only in one 
study [28], and four articles blinded the assessor.

3.3. Participant characteristics

Participants in the 26 studies can be grouped into two categories: 12 studies on healthy children [29–39] and 14 on children with 
health conditions [17,18,28,40–50]. The 26 studies evaluated 1133 participants, with 834 healthy children, including 440 boys and 
394 girls, with a mean age ranging from 8.54 to 17.0 years. Three hundred seventy-one children had related health conditions, 
including 174 boys and 193 girls, with a mean age ranging from 4.5 to 15.06 years old (Table 2). In the majority of studies, the sample 
size fell between 10 and 50. The minimum sample size was 5 [45], while the maximum was 321 [31]. In terms of gender distribution, 
four studies were conducted on girls [33,36,40,48], and six focused on boys [30,34,35,37,39], while 15 articles covered both boys and 
girls [17,18,28,29,31,32,38,41–47,49], only one article did not report gender [50]. Participants in seven studies were athletes, 
including soccer [30,39,51], tennis [34], handball [33], baseball [35], and judo players [29]. Five studies were on ordinary children 
[31,32,36–38]. In the remaining fourteen studies of children who had health conditions, the majority of the individuals were affected 
by cerebral palsy [17,18,28,42–47,49] and intellectual disabilities [41,48,50].

Most studies reported data on the participants’ height and weight but did not include information on their body mass index (BMI). 
In eight articles, the weight and height of the subjects were not specified or provided. These eight articles were about children with 
cerebral palsy [17,18,44–49]. Seventeen articles did not report the subject’s BMI data [17,18,28,33–35,37,41–50]. In the remaining 
nine articles, participants in eight studies were classified as normal weight (BMI 19.2–24 kg/m2) [29–32,36,38,39,51]. One research 
showed children as overweight (BMI 27.7 ± 3.9 kg/m2) [40]. Table 2 presents the specific information of these studies.

3.4. Intervention characteristics

The intervention characteristics were divided, focusing on the following dimensions: type of functional training, training duration, 
frequency, and intensity.

The effects of functional training are the targeted topic of this systematic review. All the intervention groups in the studies employ 
functional training programs. These interventions can be classified into two categories. The first category encompassed pure functional 
training programs [12] without any combination with other training methods. It was used in 12 studies [17,28,30,33,34,39,41,44,45,
47,48]. The other type used a hybrid programming of functional training methods. Three studies used functional strength training [36,
46,49], while suspension training was used in five studies [29,31,32,37,42]. The other six used CrossFit [38], Lower-Extremity 
intensive functional training [18], task-oriented functional training [40], original dual-task functional training [41], functional 
movement screen training [35], and functional aerobic exercise [43].

The intervention duration varied between four weeks [46,49] and eighteen months [44]. In most of the studies, the duration of the 
intervention was eight [31,34,37–39,43] or twelve weeks [18,30,36,41,42,49,51]. Furthermore, the shortest intervening time of each 
session is 20 min, while the longest intervention time can be up to 120 min [18], with 45 [31,36,37,40–43,48,50] to 60 min [28,32–34,
38,46] being the most common. Only two articles did not report the intervention duration for each session [35,44]. The weekly 
intervention frequency in most studies is two [17,31,32,37,38,46,47] to three times [29,33–36,39,41,42,45,48,50] per week. Three 
articles implemented an intervention frequency ranging from 4 to 5 times [18,43,49]. Notably, three studies did not provide the 
frequency information [30,44]. Training intensity is a crucial aspect of the training process, as well as duration and frequency. Only 
four articles explicitly reported training intensity. Three of these studies reported low to moderate-intensity interventions [36,37,43], 
while one utilised a high-intensity approach [39]. The rest of the articles did not clearly state the intensity of their interventions.

3.5. Outcomes

The effects of functional training on fundamental motor skills were grouped and analysed in terms of locomotor skill performance, 
balance skill performance, object control skill performance, and fundamental movement screen score.

3.5.1. Effects of functional training on locomotor skills
Locomotor skill is the primary measure of the children’s proficiency in FMS. The effect of functional training on locomotor skills 

was mainly reflected by data such as walking and running distance, speed, acceleration, agility, and jump performance. These data 
were evaluated using a series of test methods, including a walking test (30s, 1 min, 2 min, 6 min) [18,28,42,43,46,49], shuttle run 
(10m, 25m) [32,38], sprints test (10m, 20m, 50m) [34,36,39], standing long jump test [31,32,36–38], and timed up and downstairs 
test [17] to test the level of locomotor skills. Moreover, the Gross Motor Function (GMF) Measure test was the most commonly utilised 
evaluation tool for children with health conditions, which uses a four-point scale response format with 66 [43,47] and 88 [28,42,46] 
items separated into five dimensions. It has sufficient validity and reliability to test FMS in children aged 4–12 with cerebral palsy [52] 
and has been confirmed in children from different regions and countries [53,54].

In this review, seventeen studies reported findings on locomotor skills [17,18,28,30–32,34,37–39,42–47,49], most showing im-
provements in the variables. Children performed better on jumping tests [29–31,38]. One study revealed a mean difference of the 
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Table 2 
Research specific information.

Study Design Participant Experimental Control Result

Norambuena 
et al. (2021) 
[29]

PPS 
5 weeks

Elite athletes 
Sports: Judo 
SS: 10 
EG: 10; 8 B/2 G; Age: 15.4 ±
2.8yr;

IV: Suspension-training 
INT: Intensity gradually 
increased 
Freq: 3/week 
Time: 20min

No Single-leg horizontal jumping (right 
leg↑; left leg↑), Sorensen↑, SAR↑, Y 
balance (arm↑; leg↑). Grip strength ~; 
prone instability test performance ~;

Baron et al. 
(2020) [30]

PPS 
12 
weeks

Elite athletes 
Sports: Football 
SS: 20 
EG: 20 B; Age: 16.8 ± 0.6yr;

IV: Functional training 
Time: 70–90min

No Functional state (FMS1↑, FMS2↑, 
FMS3↑); Speed and acceleration Tests 
(0–5m ~, 5–20m↑, 10–30m↑, 
0–30m↑); Velocity↑.

Katsanis et al. 
(2021) [31]

PPS 
8 weeks

Ordinary children 
SS: 321; 158 B/163 G; 
Age: 16.54 ± 0.91yr; 
EG: 154; 76 B/78 G; 
Age: 16.52 ± 0.88yr; 
CG: 167; 82 B/85 G; 
Age: 16.56 ± 0.94yr;

IV: Suspension-training 
INT: 
Increased by 50 
%/2weeks. 
Freq: 2/week 
Time: 45min

IV: Regular PE class 
Freq: 2/week 
Time: 45min

In EG (SLJ↑ p < 0.001, Sit-ups for 30 s↑ 
p < 0.001, push-up↑ p < 0.001, 
handgrip↑ p < 0.001); in CG ~. In EG, 
increased in motivation to participate 
in the PE class

Laurent et al. 
(2018) [32]

RCTs 
6 weeks

Ordinary children 
SS: 28; 46 % B/54 % G; 
Age: 9.3 ± 1.5yr; 
EG: 17; 58.5 % B/41.5 % G; 
Age: 9.82 ± 1.22yr; 
CG: 11; 27.3 % B/72.7 % G 
Age: 8.54 ± 1.57yr;

IV: Suspension training 
Freq:2/week 
Time: 60min

IV: Regular activities 
Freq: 2/week 
Time: 60min

Pull-Up performance↑(P = 0.01) Lift↑, 
and FMS score↑, relative to CG. skill- 
related fitness (SLJ ~, SR ~)

Labib (2014) 
[33]

PPS 
10 
weeks

Ordinary athletes 
Sports: Handball 
SS: 20 G 
EG: 10 G; Age: 13 ± 1.5yr; 
Training experience 3 ± 0.7yr 
CG: 10 G; Age: 14 ± 1.8yr; 
Training experience 3 ± 0.8yr

IV: Functional training 
Freq: 3/week 
Time: 60min

IV: Normal training 
Freq: 3/week 
Time: 60min

Standing Stork Test↑, DB↑, Static 
strength↑ and Running shoot↑. Both 
Handgrip Strength↑ and Static strength 
test↑ improved in two group, but No 
Significant Difference between them.

Yildiz et al. 
(2018) [34]

PPS 
8 weeks

Ordinary athletes 
Sports: Tennis 
SS: 28 B; Age: 9.6 ± 0.7yr; 
Training experience 3.1 ± 1.3yr 
EG1: 10 B 
EG2: 10 B 
CG: 8 B

EG1 IV: Functional 
training 
Freq:3/week 
Time: 65–75min 
EG2 IV: Traditional 
training 
Freq: 3/week 
Time: 65–75min

IV: Normal tennis 
training 
Freq: 3/week 
Time: 65–70min

In CG, FMS scores↓ and other 
parameters ~. In EG1, DB↑ FMS↓ and 
other parameters ~. 
In EG2, all parameters ↑, (the vertical 
jump performances↑, flexibility↑, 
agility↑, DB↑, SB↑, FMS data↑), 
between groups showed a significant 
difference, no big difference for right 
left DB.

Song et al. 
(2014) [35]

PPS 
16 
weeks

Elite athletes 
Sports: Baseball 
SS: 62 B 
EG: 31 B; Age: 17.0 ± 1.06yr; 
CG: 31 B; Age: 16.62 ± 0.94yr;

IV: Functional Screen 
training 
INT: NM 
Freq: 3 T/week 
Time: NM

IV: Traditional 
training 
Freq: 3/week 
Time: NM

Strength↑ and flexibility↑, hand grip 
strength↑ 12 %, bench-press↑ 9 %

Liao et al. 
(2017) [36]

RCTs 
12 
weeks

Ordinary children 
SS: 144 G; Age: 12.47 ± 0.57yr 
EG: 72 G; 
CG: 72 G;

IV: Functional strength 
training 
INT: a moderate 
intensity 
Freq: 3/week 
Time: 45min

IV: Traditional 
strength training 
INT: a moderate 
intensity 
Freq: 3/week 
Time: 45min

FMS data↑, deep squat↑, turn 
stability↑, muscular strength↑, 
flexibility↑ and power↑, FST is better at 
improving the quality of movement 
Curl-ups, SAR and SLJ.

Marta et al. 
(2019) [37]

RCTs 
8 weeks

Prepubescent children 
SS: 57 B 
EG1: 19 B; Age: 10.71 ± 0.43yr 
EG2: 20 B; Age: 10.92 ± 0.45yr 
CG: 18 B; Age: 10.81 ± 0.57yr

EG1 IV: Resistance 
training 
INT: low to moderate 
Freq: 2/week 
Time: 45min 
EG2 IV: Suspension 
training 
INT: low to moderate 
Freq: 2/week 
Time: 45min

IV: Regular PE course 
INT: low to moderate 
Freq: 2/week 
Time: 45min

1-kg ball throw large↑ (P < 0.001, 2p 
= 0.463), 3-kg ball throw medium↑ (P 
< 0.001, 2p = 0.395), and time-at-20m 
test small ES. no big difference 
between in the CVJ or the SLJ. but in 
ST training the CVJ↑, SLJ↑.

Eather et al. 
(2016) [38]

RCTs 
8 weeks

Ordinary children 
SS: 96; 46 B/50 G; Age: 15.4 ±
0.5yr; 
EG: 51 
CG: 45

IV: CrossFit Teens 
Freq: 2/week 
Time: 60min

IV: Regular PE class 
Freq: 2/week 
Time: 60min

SAR↑ (+3.0 cm, P < 0.001), SLJ↑ 
(+0.1 m.021) and SR (+10.3laps, P =
0.019) SAR↑ Curl-up test↑, push-up ↑, 
SLJ↑ grip strength↑, SR test ↑

Carvutto et al. 
(2021) [39]

RCTs 
8 weeks

Ordinary children 
Sports: Score 
SS: 28 B; Age: 12.6 ± 8.8; 

IV: High-intensity 
functional training 
INT: High-intensity 

IV: Traditional 
training based on 
technical and tactical 

Group x Time-agility ↑ no significant in 
sprint performance

(continued on next page)
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Table 2 (continued )

Study Design Participant Experimental Control Result

EG: 14 B 
CG: 14 B

Freq: 3/week 
Time: Lasts 90 min

abilities. 
Freq: 3/week 
Time: 90min

Baron et al. 
(2020) [51]

PPS 
12 
weeks

PT: Elite athletes 
Sports: Football 
SS: 20 B 
EG: 20 B; Age: 16.8 ± 0.6yr;

IV: Functional training 
Time: 70–85min

No Functional state↑; FMS↑, FMS↑, 
FMS3↑; CM, power and height↑ CMJ 
without swing power and height↑, 
SQUAT Jump power and height↑

Bonney et al. 
(2019) [40]

RCTs 
14 
weeks

PT: Obesity 
SS: 52 G 
EG: 26 G Age: 14.4 ± 0.9yr 
CG: 26 G Age: 14.3 ± 0.8yr

IV: Task-oriented 
functional training 
Freq: 1/week 
Time: 45min

IV: Wii Fit 
intervention 
Freq: 1/week 
Time: 45min

Aerobic↑, coordination↑, knee 
extensors strength↑, dorsiflexors↑, 
plantar flexors↑, anaerobic↑ in both 
groups. lower extremity functional 
strength↑, manual dexterity↑, balance↑ 
in both groups. These changes were 
not different between groups.

Gorter et al. 
(2009) [17]

PPS 
9 weeks

Cerebral Palsy 
SS: 13; 8 B/5 G 
EG: 13; 8 B/5 G; Age: 9.9 ±
1.15yr normal intelligence (n =
1), mild mental retardation (n =
12). 
CP and at GMFCS level 1 (n =
12) or level 2 (n = 1).

IV: Functional physical 
training 
Freq: 1/week 
Time: 30min

No Aerobic Endurance HR6↓ T max↑; 
walking distance and velocity ↑, 
Ambulation TUDS Seconds↓. VO2max 
↑ 9 %, max treadmill time↑ 23 %, 
walking distance ↑ 7 %, ambulation ↑ 
21 %.

Mikołajczyk 
et al. (2014) 
[50]

PPS 
12 
weeks

Intellectual disability 
SS: 34; 28 B/6 G; moderate ID, 
mean IQ 45.1 ± 3.3; 
Age: 15.06 ± 0.9yr; 
EG: 17; 
CG: 17;

IV: Obligatory physical 
education classes +
original dual-task 
functional training 
Freq: 3/week 
Time: 45min

IV: Regular PE class 
Freq: 2/week 
Time: 45min

Balance↑ (eyes open conditions, eyes 
closed conditions), path length of the 
center of pressure (eyes open 
conditions↓ significant shortening 
length by 28 %, eyes closed 
conditions↓, significant shortening 36 
%).

Emara et al. 
(2016) [42]

RCTs 
12 
weeks

Spastic diplegia 
SS: 20; 7 B/13 G; Age: 6–8 
EG: 10; 4 B/6 G Age: 6.9 ± 0.6yr 
CG: 10; 3 B/7 G Age: 6.6 ± 0.7yr

IV: Traditional 
therapeutic exercises +
body-weight suspension 
training 
Freq: 3/week 
Time: 40 + 30min

IV: Wii Fit 
intervention 
Freq: 1/week 
Time: 45min

standing↑, walking↑, 10-Meter 
walking speed↑. 
five times sit to stand, walking speed, 
sit to stand transitional skills, no 
significant difference between groups

Ansa et al. 
(2020) [43]

PPS 
8 weeks

Cerebral Palsy 
SS: 10; 7 B/3 G 
SS: 10; 7 B/3 G 
Age: 14.4 ± 1.53yr; 
Type of CP: 
4 Diplegia/1 Hemiplegia/5 
Quadriplegia

IV: Community-based 
functional aerobic 
exercise 
INT: 40–80 % max heart 
rate 
Freq: 4/week 
Time: 50min

No GMF D-standing ↑ 8.2 %, E-walking +
running + jumping ↑ 5.12 %, walking 
distance↑ 6.09 %. physical health ↑ 
105.04 %, by children parent proxy. 
And physical health ↑ 60.00 %, by Self- 
reported.

Surana et al. 
(2019) [18]

RCTs 
9 weeks

Unilateral spastic cerebral palsy 
SS: 24; 10 B/14 G 
EG: 12; 5 B/7 G 
Age: 5.8 ± 2.3yr GMFCS, 5 I/7 II 
CG: 12; 5 B/7 G 
Age: 5.1 ± 2.6yr GMFCS 3 I/9 II

IV: LE intensive 
functional training 
Freq: 5/week 
Time: 120min

IV: Obligatory 
physical education 
classes + NR

1MWT↑, ABILOCO-kids↑, single-leg 
stance↑, fast velocity↑, 30-s chair rise↑. 
LIFT improved more than H-HABIT. no 
significant differences between LIFT 
and H-HABIT for self-selected walking 
velocity

Ketelaar et al. 
(2001) [44]

RCTs 
18 
months

Spastic cerebral palsy 
SS: 55; 33 B/22 G; Age: 2–7yr 
EG: 28; 16 B/12 G 
Age: 54 ± 20 months; 
Cerebral palsy distribution: 
16 Hemiplegia/5 Diplegia/6 
Quadriplegia. 
CG: 27; 17 G/10 G; 
Age: 56 ± 20 months 
Cerebral palsy distribution: 
16 Hemiplegia/6 Diplegia/6 
Quadriplegia.

IV: Functional physical 
therapy

IV: Traditional 
therapeutic exercises 
+ the treadmill 
Freq: 3/week 
Time: 40 + 30min

GMFM↑ and PEDI score ↑in both 
groups; basic gross motor abilities↑, no 
differ between groups. The mean 
scores↑ higher than in the CG. 
functional skills in daily situations↑, 
self-care and mobility activities↑.

Salavat et al. 
(2017) [45]

PPS 
18 
weeks

PT: Cerebral palsy and cerebral 
visual impairment 
SS: 5 2 B/3 G; Cerebral palsy; 
Age:114 ± 52 month; 
distribution: 5 Spastic, GMFCS 
classified levels: 2 I/1 II/1 V/1 
IV;

IV: Functional therapy 
programmed 
Freq: 3/week 
Time: 30min

No Gross motor functioning↑, Functional 
Skills↑

(continued on next page)
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single-leg horizontal jump changed by 29.6 cm, and the effect size (EF) of Cohen’s d is 1.4 [29]. The mean length of the standing long 
jump increased in the experimental group by 36 cm in the research that focused on untrained girls [29], and in another study that 
focused on prepubescent boys, the mean difference changed by 11 cm [31]. The mean of the test results in the countermovement 
vertical jump reached an improvement of 1.79 cm [31]. Improvements in running performance were most evident in the reduction of 
sprint test time [17,30,34,38,39]. One research pointed out a 0.3-s decrease in mean time of 12-13-year-old girls on the 50-m sprint test 
[36]. Another study showed that prepubertal tennis players performed better in the functional training group during the 10-m ac-
celeration test, with a mean time of 0.9 s faster than the baseline [34]. The mean number of laps of shuttle run for girls increased by 
18.3 laps with an EF of 0.1, and for girls by 14.1 laps with an EF of 1.5 during the same period after the intervention with Australian 
adolescents [38]. Furthermore, subjects with cerebral palsy demonstrated an improvement in their walking abilities in the GMF test 
[42,43,45,47,49] and the 6-min walk test (6 MWT) after the functional training intervention [17,18].

However, the analysis of specific variables from the three included studies showed no statistically significant differences between 
groups. Examples include standing long jump distance (p = 0.16) and countermovement vertical jump height (p = 0.29) for boys aged 
10–11 [37], shuttle running speed (p = 0.12) for children aged 7–12 years who regularly train in at least one sport [32], and walking 

Table 2 (continued )

Study Design Participant Experimental Control Result

Blundell et al. 
(2002) [46]

PPS 
4 weeks

PT: Cerebral palsy 
SS: 8; 7 B/1 G 
EG: 8; 7 B/1 G; 
Age: 6.3 ± 1.3yr 
Cerebral palsy distribution: 
7 spastic Diplegia/1 
Quadriplegia.

IV: Functional strength 
training +a group circuit 
training 
INT: intensive repetitive 
practice 
Freq: 2/week 
Time: 60min

IV: Hand-Arm 
Bimanual Intensive 
Therapy 
Freq: 5/week 
Time: 120min

Isometric strength↑; Left and right 
Lateral Step-up ↑; time of 10-m walk↑; 
stride length↑.

Mikołajczyk 
et al. (2014) 
[50]

RCTs 
12 
weeks

Moderate mental disabilities 
SS: 34 Age: 15.06 ± 0.9yr; 
EG: 17 
CG: 17

IV: Unstable-surface 
functional exercises 
Freq: 3/week 
Time: 45min

IV: Did not perform 
any exercises

Static balance - COP deviation range↑, 
Path length↓, Path area↓. Eye open and 
eye closed.

Ahl et al. (2005) 
[47]

PPS 
5 
months

PT: Children with cerebral palsy 
SS: 14; 11 B/3 G; 
Age: 1 year 6 months to 6 years. 
With diplegia and tetraplegia 
cerebral palsy; 
EG: 8; 7 B/1 G; GMFCS classified 
between levels II–V;

IV: Goal-directed 
functional therapy 
Freq: 2/week 
Time: NM

IV: Reference 
normalisation

76 goals fulfilled completely, 19 
partially completed; gross motor 
function↑; self-care performance↑; 
mobility ↑; social function↑

Farrokhian et al. 
(2021) [48]

RCTs 
5 weeks

Intellectual disability 
SS: 30 Gender: G 
EG: 15; CG: 15 
Age: Elementary school students 
(Not specific)

IV: Functional training 
Freq: 3/week 
Time: 45–60min

IV: Did not perform 
any exercises

SB↑, DB↑, flexibility↑, and student 
performance are statistically 
significant.

Van Tittelboom 
et al. (2023) 
[49]

PPS 
4 weeks

PT: A diagnosis of bilateral 
spastic CP 
SS: 36 Gender: 19 B/17 G; Age: 
8.58 ± 1.96yr 
QFT: 24 Gender: 10 B/14 G; 
GMFCS level II: 15, GMFCS level 
III: 9; Age: 8.5 ± 1.84yr 
FT: 12 Gender: 9 male/3 female; 
GMFCS level II: 7, GMFCS level 
III: 5; Age: 8.83 ± 2.23yr

IV: Functional training 
INT: NR 
Freq: 5/week 
Time: 4.5 h

IV: Qualitative 
functional training 
INT: NR 
Freq: 5/week 
Time: 4.5 h

QFM: ↑ with qualitative functional 
training (QFT), but not improved with 
function training. 
GM88-D and E ↑ (QFT) 
TCMS: static and dynamic balance ↑ 
(QFT)

Abd-Elfattah 
et al. (2022) 
[28]

RCTs 
12 
weeks

PT: Spastic hemiplegic cerebral 
palsy 
Sports: NR 
SS: 66 Gender: 42 B/24 G. 
EG: 24 Gender: 22 B/11G; 
GMFCS level I: 10, GMFCS level 
II: 23; Age: 11.31 ± 0.62yr HT: 
142.55 ± 4.1 cm; BM: 38.31 ±
3.93 kg; 
CG: 12 Gender: 20 B/13 G; 
GMFCS level I: 13, GMFCS level 
II: 20; Age: 11.11 ± 0.63yr HT: 
142.41 ± 4.21 cm; BM: 37.12 ±
2.83 kg;

IV: loaded functional 
strengthening exercises 
INT: NR 
Freq: 3/week 
Time: 60 min

IV: physical therapy 
INT: NR 
Freq: 3/week 
Time: 60 min

6MWT: the 6MWT in EG (20.09 %) and 
CG (9.69 %) ↑, EG > CG.

Abbreviation: PT, participant; SS, sample size; EG, experiment group; CG, control group; PPS, pre-post-test; HT, height; BW, body weight; IV, In-
terventions; INT, intensity; Freq, frequency; ES: effect size; GFT, general physical fitness; LS, locomotor skills; Bs, balance skill; OCS, objective control 
skills; B, boy; G, girl; NM, not mentioned; FMS, functional movement screen; GMFCS, gross motor function classification system. DB, dynamic 
balance; SB, Static balance; SAR, sit-and-reach; SLJ, standing long jumping; T, times; FST, functional strength training; ST, Suspension training. SR, 
shuttle run; CVJ: countermovement vertical jump; QFM: Qualitative functional training; 6MWT: 6-min walk test.
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speed (p = 0.079) for children with cerebral palsy [46].

3.5.2. Effects of functional training on balance skills
Balance skills are an essential component of fundamental motor skills. When it comes to testing balance skills, the options are 

extensive. Single-leg stance tests [18,48], five-times sit-to-stand tests for kids [42], prone instability tests [29], 5 m timed up-and-go 
tests [33], Y-balance tests [34], stabiliser platform ALFA tests [41] and trunk control measurement scale (TCMS) are among the tests 
used. These tests measure coordination ability, joint stability, dynamic balance, and static balance.

Ten studies assessed the balance skills of children [18,29,33–35,40–42,48,50]. Depending on the statistics, when testing with the 
Y-balance test, one study indicated that the test results of both legs and arms experienced significant improvements after five weeks. 
The maximum increase was 11.8 %, and the EF was 1.8 [29]. Another study concentrating on athletics discovered that the dynamic 
balance was enhanced, with a mean score difference of 11 between the pre and post-test [34]. Static balance is an essential part of 
rehabilitation and exercise. One research study found that intellectually disabled children improved in single-leg standing. The mean 
time of the experimental group improved by 4.73s following the test, much more than the control group’s [48]. When using the stable 
platform ALFA to assess the static balance skill of children with cerebral palsy, regardless of whether the eyes were open or closed, the 
path length test results indicated that the static balance skill level varied significantly after the experiment [42].

However, one study did not discover a statistically significant difference between the groups on the mean sway of the centre of 
pressure (COP) along the medio-lateral (M/L) (p = 0.39) and anterior-posterior (A/P) (p = 0.75) in individuals with intellectual 
disability [41].

3.5.3. Effects of functional training on object control skills
Data on the efficacy of object control skills were limited. Only two studies measured object control skills. One employed the 

medicine ball throw test [37], demonstrating that children could throw balls of different weights better after functional training. The 
performance for the 1-kg ball throw increased by 5.94 %, with a mean difference of 22.25 cm, while that for the 3-kg ball throw 
increased by 8.82 %, with a mean difference of 21.3 cm. According to another study that used the Nine-Hole Peg Test [46], which 
measures how well children with cerebral palsy can reach and put things down, children took less time to perform the same task after 
functional training. The results of the studies demonstrate a positive impact of functional training on object control skills. However, 
more is required to support the findings due to the small sample size.

3.5.4. Functional movement screen test results
Functional movement screening is an innovative action pattern evaluation tool that may be broadly applied to examining the 

fundamental motor function of varied populations. It can correctly reflect the FMS of children. A total of six studies utilised the 
Functional Movement Screen scale to assess the FMS state of children [30,32,34–36,51]. The test findings demonstrated that the 
functional training group’s test scores had significantly increased, and there were significant differences between the inter-group 
outcomes after the training intervention. Baron et al. (2020) used three tests of the Functional Movement Screen. The results show 
significant differences before and at the end of the 12-week functional program: deep squat (p = 0.004), hurdle step (p = 0.012), and 
in-line lunge (p = 0.001) [30]. Meanwhile, three studies utilised all seven test items (The Deep Squat, Hurdle Step, In-Line Lunge, 
Shoulder Mobility, Straight Leg Active Raise, Trunk Stability Push Up, and Rotational Stability) of the Functional Movement Screen 
and compared the total scores between groups. Laurent et al. (2021) reported that after six weeks of intervention, the total score of the 
seven tests in the functional training group increased to a higher level [32]. Yildiz et al. (2018) found a significant difference in 
Functional Movement Screen scores between the traditional training group and functional training group (p < 0.001) [34]. Similarly, 
Liao et al. (2017) also observed that there is a significant difference in the total score between the traditional strength training group 
and the functional strength training group (p < 0.05) [36].

4. Discussion

This study differs from other published reviews because it aims to evaluate the effect of functional training programs on improving 
children’s FMS. Furthermore, there is a lack of prior reviews comprehensively summarising the effects of functional training on FMS. 
Therefore, the current study explored and summarised the effects. The results give a general insight into the development of FMS and 
the impact of functional training on children’s FMS. The primary findings suggest that functional training has a positive effect on 
enhancing children’s FMS.

The positive results of functional training in helping children improve their fundamental motor skills are consistent with previous 
research using functional training in other areas, such as motor development, sports training, and functional therapy. The effectiveness 
could be due to functional training, which is purposeful training for specific target muscle groups to improve the neuromuscular system 
[55]. Unlike traditional methods solely concentrating on muscle shape or volume, functional training emphasises the coordination 
between motor nerves and muscle groups [56]. Therefore, functional training may be a more effective and promising approach.

This systematic review found the greatest improvements in locomotor skills in running performance (speed and agility) and 
jumping performance, such as long jumping and countermovement vertical jumping. Such results indicate that functional training does 
improve children’s locomotor skills. These results align with a systematic review of functional training on sprinting and jumping in 
athletes [57]. It is also consistent with detailed research on specific sports that improved adult basketball players’ and runners’ speed 
and agility [58,59]. Furthermore, older people with disabilities can improve their mobility with functional training, while those 
undergoing rehabilitation can benefit from targeted strengthening and movement patterns [60]. The consistent positive outcomes of 
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functional training across various populations indicate that its efficacy on locomotor skills among children is not occasional.
Additionally, another observation suggests that functional training may affect specific locomotor skills differently. Among the six 

locomotor tests involving jumping movements, the mean growth rates for hopping, leaping, and jumping [31,32,36–38] were 
comparatively lower than those observed for running and galloping [28,42,46,49] after functional training. The observation aligns 
with similar studies on children from Hong Kong [61] and Japan [62]. Specific research analyses suggest that this discrepancy could be 
attributed to the increased demand for adequate muscle strength in the lower limbs during jumping [63]. Furthermore, within the 
included studies, a minority suggest that children did not demonstrate improvements in their locomotor skills [32,37,46]. This con-
trasts with our initial expectations and the findings typically seen in mainstream research. The reasons may be multifaceted and 
complex. Variations in sample size, experimental design, training intensity, and duration will impact the outcomes. For instance, one 
research used a non-randomised controlled trial as the experimental design and mixed functional training with other training methods 
[46], and a few had a duration of just 4–8 weeks [32,37,46]. In contrast, studies that implemented interventions lasting 12 weeks [30,
36] or longer [40,45], as well as those that employed pure functional training [39,47], achieved positive results. Additionally, the 
characteristics of the participants may potentially impact the outcomes. When considering the subjects’ baseline skill level and BMI 
percentile, the results between the groups were not significant [32]. The findings suggest that while functional training can enhance 
children’s locomotor skills, certain factors should also be considered, including the individual’s current athletic proficiency, physical 
fitness, and anthropometric indicators [64]. More importantly, future research should address these factors by designing rigorous, 
well-controlled studies with larger sample sizes, ensuring highly reliable results.

Good balance is essential in various activities, from daily tasks to physical activities and sports. Children with proficient balance 
skills can better control their body movements, allowing them to coordinate their movements and perform various physical activities 
more efficiently and accurately [65]. Of the ten studies that assessed balance skills, static and dynamic balance skills were the two most 
common aspects of balance that improved. Such results suggest that functional training does improve children’s balance skills. 
Research on unique populations, such as teenage athletes [29,34,35] and children with medical conditions [28,40,48], further evi-
dences the effectiveness of functional training in promoting the development of balance skills. It also implies that functional training 
may be more effective and safer than other methods for improving balance skills [66]. This is because functional training prioritises 
enhancing multi-joint movement and dynamic stability while emphasising core muscle group training [67]. It is the core mechanism 
through which functional training promotes the development of balance skills. Similar observations have been reported in previous 
studies explicitly focusing on balance skills [68,69], suggesting that our current understanding builds upon a relatively complete and 
reliable body of knowledge. However, only a few studies have displayed disparate results. It could be attributed to the heterogeneity of 
the study participants. The health status of children can vary widely, potentially influencing the research results. In the studies [41,48,
50], the main participants were children with intellectual disabilities, who have significant individual differences in cognitive ability, 
adaptive behaviour, and neurodevelopment [70] may have different baseline balance capabilities and improvement trajectories 
compared to healthy children [71]. Furthermore, age plays a crucial role in influencing the progression of balance skills, but children 
with intellectual disabilities may have restricted advancement by age [72]. The study reported no significant differences between the 
groups focusing on dual-task functional exercise. The mean age of the participants was 15.06 years [41], which is much older than the 
age of participants in similar studies. However, the number of studies on this age group is limited. More in-depth and detailed research 
is needed in the future.

Compared to locomotor skills, object control skills entail more intricate movement patterns that involve visual tracking, hand-eye 
coordination, and motor planning coordination [73]. Consequently, achieving proficiency in these skills can be challenging. As a 
result, the number of studies on object control skills in this review is limited. However, It is well known that more advanced forms of 
object control skills are skills in specific sports, manifested in the precise manipulation and control of objects such as balls or sports 
equipment [74]. In previous studies, most of the research exploring the effects of functional training has concentrated on specific 
skilled sports. A study conducted with soccer players found that a functional training program enhanced their dribbling, shooting, and 
passing performance [75]. Similarly, when functional training is combined with technical training designed explicitly for badminton, 
it has been shown to enhance the performance of hitting skills in badminton [76]. The positive outcomes observed in these studies are 
promising and support the idea that functional training can effectively facilitate the advancement of object control skills. Nevertheless, 
acquiring object control skills is a complex and continuous progression [77]. In addition to extensive practice and experience, a focused 
training method is crucial for promoting their development. To further explore the effect of functional training on improving object 
control skills, a more detailed and personalised training plan should be developed considering different children’s specific physical 
conditions and athletic abilities. At the same time, longitudinal studies are also necessary to track the long-term effects of functional 
training on object control skills.

Although there are differences in the effects of functional training on locomotor, object control, and balance skills, it generally has a 
favourable impact on children’s improvement in fundamental motor skills. Furthermore, research using controlled experimental 
designs demonstrated that there was also an improvement in children’s FMS within the control group. However, the magnitude of this 
improvement was notably smaller than the significant effect observed in the group undergoing functional training. The results 
highlight the significance of the intervention approach in determining the effectiveness of FMS, with functional training proving to be 
more effective than other training methods. This is mainly because the core principles of functional training align closely with the 
movement patterns involved in fundamental motor skills [16]. Moreover, functional training focuses on the theory of dynamic chain 
and the synergistic effect of joints in the human body during movement [55]. A closed-chain action helps maintain the joints’ stability 
[78] and potentially activates additional muscles and joints in different planes and axes, enhancing strength, endurance, flexibility, 
balance, coordination, and depth perception [79]. Undoubtedly, functional training has its unique advantages. To guarantee the ef-
ficacy of the intervention, it is crucial to carefully consider the intervention design while also considering the children’s characteristics 

D. Zhang et al.                                                                                                                                                                                                          Heliyon 10 (2024) e39531 

10 



and health conditions.
The results of this review supported the association between functional training and FMS in children. However, there are some 

limitations. The first limitation is that limited existing studies focus on object control skills. Additionally, individual differences in the 
study participants, variances in the design, duration, and intensity of the functional training programs, and a lack of standardised 
methods for evaluating fundamental motor skills complicate the interpretation of the results and make it challenging to use quanti-
tative analysis to summarise the effects. Finally, the absence of long-term follow-up data poses a challenge in assessing the enduring 
impact of functional training on fundamental motor skills. In summary, future studies on the current limitations are therefore 
recommended.

5. Practical Implications

• The review contributes to the understanding of the development of fundamental motor skills in children and the potential benefits 
of functional training for promoting these skills, as well as providing helpful guidance in education, rehabilitation, sport, and 
community sectors.

• This review could guide schools and educational institutions in designing more effective education and physical education pro-
grams to better promote the development of children’s fundamental motor skills and participation in physical activity and maintain 
a healthy condition

6. Conclusion

The primary observation from this review is that functional training-based programs benefit children’s fundamental motor skills, 
especially locomotor and balance skills. For object control skills, existing evidence concludes that further research is required to 
confirm its positive effects on object control skills. These results contribute significantly to the knowledge of the relationship between 
functional training and FMS and highlight the importance of providing children with opportunities to engage in functional training 
intervention. In addition, future research should focus on exploring individual characteristics and factors that influence the effects of 
functional training on fundamental movement skills.
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