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Abstract 

This study compared a 12-week Functional Strength Training (FST) program on functional movement 

and physical performance to typical physical education (PE) classes for middle school (MS) and high 

school (HS) students. We randomly assigned 266 participants (M age = 14.35, SD = 0.57 years; M 

height = 164.82, SD = 6.13 cm; M mass = 55.09, SD = 12.19 kg; M BMI = 20.11, SD = 3.54 kg/m2) into 

an FST or control group. The FST group trained in flexibility and stability, functional movement 

patterns and health-related functional strength. The control group continued regular physical education 

(PE) classes. Each group trained three-times/week in 45-minute sessions for 12 weeks. Outcome 

measures included the Functional Movement Screen protocol and seven physical performance tests, 

assessed every four-weeks over a 12-week period. We employed a mixed model ANOVA with 

Bonferroni post-hoc tests to examine differences between and within groups. Compared to the control 

group, the FST group significantly (p<0.01) improved Functional Movement Screen total scores 

(25.7%), curl-ups (70.4%), pull-ups (281.6%) and flexibility (83.6%).  We suggest including the FST 

program in the MS and HS PE curriculum.   
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Introduction 

A recent downward trajectory in adolescent health is of concern. Investigators have suggested that 

a main reason for physical decline among adolescents is their lack of exercise and insufficient targeted 

interventions within physical education (PE) in middle school and high school curricula (Malina et al., 

2004). In recent years, numerous policies to increase student participation in school sports activities 

have been introduced (Cohen et al., 2011). While there have been mostly positive health benefits 

associated with participation in higher levels of school sports and physical activity, there are also some 

negative effects, particularly soft-tissue injury (Caine et al., 2006). Ineffective exercise interventions 

may be a reason for soft-tissue injury, while well-structured exercise interventions have been shown to 

improve movement quality (Behm et al., 2017). Yet, no empirical evidence for the benefits of functional 

strength training for adolescents relative to regular PE programs has been provided. 

The adolescent musculoskeletal system is amidst rapid development and change. Disproportionate 

musculoskeletal growth is expected during adolescence, a period marked by developmental crisis (Lloyd 

et al., 2014; Kraemer & Fleck, 2004). Boyle (2016) suggested that adolescents with inadequate muscular 

strength are unable to withstand the demands of various physical activities, leading to poor movement 

patterns and an increased risk of youth sports injuries. Strength training has been shown to decrease risk 

of injury, probably because it optimizes material properties of muscle and bone, joint stabilization, 

movement coordination and force absorption (Weiss et al., 2010). Providing safe and effective youth 

exercise programs that utilize a variety of progressive, technically sound resistance exercises should 

support musculoskeletal function and lead to greater movement coordination when participating in sport 

activities.  

Functional Strength Training (FST) is an evidence-based exercise method (Lamberth et al., 2013; 

Aragão et al., 2019) originating from the disciplines of physical therapy and rehabilitation and recently 



4 
 

adopted by athletic training programs to enhance sports performance. FST for youth focuses on the 

optimal development of the functional integrity of the body as a whole movement system (Weiss et al., 

2010). The functional movement screen is a means of examining movement qualities and uncovering 

strengths and weaknesses (Gray et al., 2011). Understanding the quality of certain movements might 

help develop safe and sustainable adolescent exercise programs. Previous research found that FST 

programs effectively improved functional movement quality and physical fitness among 12-13-year-old 

girls (Ting et al., 2019). However, the comparative effect of the FST intervention on adolescents of both 

genders across a wider age range (e.g., middle school and high school students) has not been 

documented. 

Our aim in the present study was to determine: (a) whether the FST program would have a greater 

effect on movement ability and physical performance than a regular PE program; and (b) the effect of 

FST on both younger and older adolescents. We hypothesized that: A 12-week FST program would 

significantly improve the movement ability and physical performance of students in middle school and 

high school. We expected these findings to guide future PE curricular decisions for adolescents. 

Method 

Experiment design 

This study used a randomized controlled trial research design, consisting of four data collection 

time points (baseline (T0), week four (T1), week eight (T2) and week twelve (T3)) for both the 

experimental group (FST: A & B subgroups) and regular PE group (control: C & D subgroups) in Figure 

1. 

< Insert Figure 1 about here > 
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We randomly assigned students into an FST or regular PE (control) group using a blocked, 

randomization procedure when the variable of intervention (FST vs regular PE program) was considered. 

This study was approved by the school committee and PE department of the schools from which 

participants were recruited. The approval number is 20190608. This study met ethical guidelines 

recently published by Harriss et al. (2019). Prior to the commencement of the study, all participants 

provided assent or informed consent (depending upon their age), and their parents provided written 

informed consent for them to participate in this study.  

Participants 

We recruited a total of 274 students from Guan Shan middle school and high school of Wuhan for 

this study. The school’s PE teachers helped us with participant recruitment by sharing the study flyers 

with their students and announcing the study in their classes.  Our inclusion criteria for student 

participants were:  

(a) enrolled in a current middle school or high school;  

(b) aged between 12 – 18 years old;   

(c) sufficiently healthy to be able to participate in PE and sports activities; and 

(d) able to follow a three-step command using visual and verbal cues;  

Our exclusion criteria were:  

(a) any regular (≥ two times per week) physical training;  

(b) any recent (within the last six months) sports injuries;  

(c) any surgical history or functional limitations that might affect testing/training; and  

(d) any supplement or medication use.  
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We excluded eight participants based on these exclusion criteria, leaving 226 active participants in the 

study.  

The participants’ demographic characteristics are presented in Table 1. Experimental  

Table 1. Participant Characteristics: Age, body height, body height, body mass and BMI.  

Characteristics 
Control group 

M (SD) 

FST group 

M (SD) 

Age (years) 14.37 (0.55) 14.03 (0.59) 

Height (cm)              164.78 (6.85)        164.86 (5.31) 

Mass (kg)                54.98 (11.58)   55.20 (12.77) 

BMI (kg/m2) 20.15 (3.54) 20.08 (3.55) 

   
Note: Control group n1 = 133; Functional Strength Training (FST) group n2 = 133; M – Mean, SD – 
Standard Deviation.    

 

and Control groups were not significantly different ( at p<0.05) with respect to the participants’ age, 

height, mass or BMI. Students were in their second year of middle or high school with no previous 

physical training experience. The schools offered breakfast and lunch for all the students from Monday 

to Friday. We required the participants’ family diets to meet the essential nutrition guideline outlined by 

Dietary Guidelines (Yang et al., 2018) 

Measurements 

Movement Quality Variables 

We employed the Functional Movement Screen to measure functional movement competencies 

(Gray et al., 2011). The Functional Movement Screen consists of seven measurements using a four-point 
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scoring scale (0-3) and pain screening (positive/negative) such that: (a) a score of three indicates perfect 

technique execution with no compensation or pain; (b) a score of two indicates partial movement or pain 

compensation occurred; (c) a score of one indicates that a participant failed to meet the required 

movement with compensatory action; and (d) a score of zero indicates pain during the test (Teyhen et al., 

2012; Onate et al., 2012). The seven movements in this screen are: deep squat, hurdle step, in-line lunge, 

shoulder mobility, active straight leg raise, trunk stability push up, and rotary stability. The three 

clearing tests involve shoulder mobility clearing, spinal extension clearing and rotary stability clearing. 

Inter-rater (0.98) and intra-rater (0.75~1.0) reliability were shown to be high from both video and real-

time observations (Teyhen et al., 2012; Onate et al., 2012).   

Fitness Performance Variables 

The National Physical Fitness and Health Standards (NPFHS) is a set of physical fitness tests 

enacted by the Chinese Committee of Education. Similar to FitnessGram, the NPFHS were designed to 

measure health-related components of physical fitness using a series of tests. This fitness testing battery 

included test of speed (50 m sprint); power (standing broad jump); muscular strength (females = curl-

ups; males = pull-ups); flexibility (sit-and-reach test); and endurance (females = 800 m run; males = 

1000 m run). The NPFHS test has been examined by previous studies, and it was found to be an 

acceptable method for obtaining an integrated evaluation of youth physical fitness (Guan et al., 2005).  

Test Procedures 

Each participant completed the Functional Movement Screen on day-1 and the National Physical 

Fitness and Health Standards (NPFHS) on day-2 (September 23-24, 2019). The Functional Movement 

Screen procedure on Day 1 was in strict accordance with the requirements outlined in the Functional 

Movement Screen manual (Gray et al., 2011). Prior to the participant performing the movements, the 
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instructor briefly introduced and demonstrated what was required.  The participants were then given 2-3 

minutes to familiarize themselves with the Functional Movement Screen. The test was carried out 

without verbal guidance or encouragement (Cook et al., 2014). Two motion capture cameras (Nexus 1.4, 

Welcome, Centennial, Co, USA) were placed on the participants’ sagittal and frontal planes to record 

the movements. Two testers with Functional Movement Screen certification graded the recorded video. 

On Day 2, with the NPFHS, after performing a standardized 15-minute warm up and familiarizing 

themselves with the NPFHS batteries, participants followed a standardized testing order: speed (50 m 

sprint), power (standing broad jump), strength (curl-up or pull-up), flexibility (sit-and-reach), and 

endurance (800 m or 1000 m run). We recorded their best score of three trials for each fitness 

performance test (one trial for the 50 m sprint and long-distance run). 

Intervention 

The intervention training period consisted of 36 training sessions over 12 weeks, and it was 

conducted within the school’s indoor gymnasium. The intervention program was conducted at the same 

time as the regular PE class. The FST group and regular PE (control) group were instructed and 

monitored by the same two qualified instructors from our research team, and facilitated by a PE teacher 

(instructor to trainee ratio = 1:10). 

Intensity 

The exercise prescription consisted of two sets of either 8-12 repetitions or 10-20 seconds duration, 

moderate intensity (rating of perceived exertion (RPE) = 6-7) (Borg, 1998). To maintain an RPE 

intensity level of 6-7 across the intervention, when possible, we increased weekly loads for lifted 

weights by 5% (upper body) and 10% (lower body). RPE was collected at the end of the first weekly 

training session under the guidance of the instructors for both groups. 
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FST program 

Multiple joint and plane movements are essential components of FST. The FST intervention 

included three training phases: flexibility and stability, functional movement pattern and health-related 

functional strength in Figure 2 over four time points. 

< Insert Figure 2 about here > 

Regular physical education class  

The control group followed the plan for regular PE classes during the intervention, 

which included field sports, ball games, gymnastics and martial arts.  

Statistical analysis 

The data in this study are presented as means (M) and standard deviations (SD). During the baseline 

period, we used independent t-tests to compare experimental and control group differences in age, height, 

weight, BMI and other continuous numerical variables. The fixed factor was gender, and the 

intervention; age, and time (series) were random factors. We employed a 2 (intervention groups) x 4 

(time series) mixed model analysis of variance to examine the differences between and within groups on 

functional movement screen variables and physical performance variables, and to compare time by 

group differences in functional movement screen scores. We used a Bonferroni test as a post-hoc 

adjustment. We used the Statistical Package for the Social Sciences (SPSS 24.0, IBM Corp., 2016) the 

software for statistical analysis, and we set statistical significance at p<0.05. 

Results 

Comparisons of Total Functional Movement Screen Scores between the FST and Control Groups 

Across Four Time Points   

 The results of the total Functional Movement Screen scores in comparisons of the FST and 

control groups across the four time points were as follows: (a) the experimental group scored 
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significantly better than the controls, F(1, 260) = 102.273, p<0.01; and (b) only the FST group showed 

significant gains at four time points, with an interaction between the effects of group and time for T0 

and T1. Specific comparisons of total Functional Movement Screen scores between the FST and control 

groups across the four time points are presented in Table 2. There was no significant group difference at 

T0 (baseline) and T1 (p>0.05), but the FST group performed significantly higher than the control group 

(p<0.01) at T2 (M=16.05 vs M=13.18) and T3 (M=17.25 vs M=13.21) as seen in Table 2.  

Table 2. Comparisons of Total Functional Movement Screen Scores between Control and Functional 
Strength Groups across Four Time Points. 
____________________________________________________________________ 

   Time            Control group                FST group 

            points              M (SD)  95% CI          M (SD)           95% CI 
_____________________________________________________________________ 

    T0          13.73 (1.96)    [13.39, 14.06]         13.72 (1.33)    [13.50, 13.95]    

    T1          13.26 (1.89)    [12.93, 13.58]         14.99 (1.81)    [14.68, 15.30] 

  T2        **13.18 (1.82)    [12.86, 13.49]        **16.05 (1.59)†† [15.77, 16.32] 

  T3        **13.21 (1.96)    [12.87, 13.55]       **17.25 (1.80)††  [16.94, 17.56] 
_____________________________________________________________________ 

Note: n1 (Control group) = 130, n2 (FST group) = 132. 
**p<0.01 statistically significant in horizontal comparisons between control group and FST group. 
††p<0.01 statistically significant in vertical comparisons within group over time series with reference to T0 
(baseline). 
CI – Confidence Intervals. 
 

For within group comparisons, the FST group showed significant improvement (p<0.01) in total 

Functional Movement Screen scores at T2 (M=16.05) and T3 (M=17.25) in reference to their baseline 

(T0) scores (M=13.72) as seen in Table 2. Comparatively, the control group did not show significant 

improvement in total Functional Movement Screen scores across the four time points (Table 2).  

Comparisons of Individual Functional Movement Screen Scores between FST and Control Groups 

across Four Time Points  
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The specific results of the itemized Functional Movement Screen scores for  

participants in the FST and control groups across the four time points are presented in 

Table 3. For Deep squat (DS), the experimental group (FST) scored significantly higher  

Table 3. Group Comparisons on Individual Items of the Functional Movement Screen Across The Four 
Time Points. 
____________________________________________________________________ 

                         Time                     Control group                           FST group 
  Activity          series               M (SD)        95% CI                M (SD)        95% CI 
____________________________________________________________________ 

 Deep squat        T0              1.48 (0.59)    [1.38, 1.58]        1.37 (0.60)    [1.27, 1.47] 
      (DS)              T1             *1.49 (0.56)    [1.39, 1.59]       *1.94 (0.62)    [1.83, 2.04] 
                           T2           **1.50 (0.67)    [1.38, 1.61]     **2.06 (0.63)†† [1.96, 2.17] 
                           T3           **1.55 (0.70)    [1.43, 1.67]      

**2.29 (0.63)†† [2.18, 2.40] 
Hurdle step        T0              2.03 (0.60)    [1.93, 2.13]        2.05 (0.51)    [1.96, 2.14] 
      (HS)             T1             *1.85 (0.70)    [1.73, 1.97]       *2.24 (0.56)    [2.14, 2.33] 
                           T2            **1.85 (0.60)    [1.74, 1.95]     **2.33 (0.50)†† [2.24, 2.41] 
                           T3           **1.94 (0.59)    [1.84, 2.04]     **2.46 (0.57)†† [2.37, 2.56] 
 In-line lunge     T0              2.15 (0.53)    [2.05, 2.24]        2.24 (0.44)    [2.17, 2.32] 
     (ILL)             T1             *2.04 (0.59)    [1.94, 2.14]       *2.27 (0.54)    [2.18, 2.37] 
                           T2            **2.03 (0.56)    [1.93, 2.13]     **2.43 (0.54)    [2.34, 2.52] 
                           T3            **2.03 (0.42)    [1.96, 2.10]     **2.61 (0.52)†† [2.52, 2.70] 
  Shoulder          T0              2.63 (0.47)    [2.55, 2.71]        2.58 (0.56)    [2.49, 2.68]  
  mobility           T1              2.53 (0.57)    [2.43, 2.63]        2.69 (0.41)    [2.62, 2.76] 
    (SM)              T2             *2.50 (0.51)    [2.41, 2.58]       *2.76 (0.39)    [2.70, 2.83] 
                           T3            **2.44 (0.59)    [2.34, 2.54]     **2.78 (0.40)    [2.71, 2.85] 
Active straight   T0              2.33 (0.57)    [2.23, 2.43]        2.33 (0.55)    [2.23, 2.42] 
  leg raise           T1              2.30 (0.64)    [2.19, 2.41]        2.45 (0.61)    [2.35, 2.56] 
  (ASLR)            T2            **2.29 (0.56)    [2.19, 2.39]     **2.66 (0.49)†   [2.58, 2.75] 
                           T3            **2.37 (0.56)    [2.27, 2.46]     **2.84 (0.38)††  [2.78, 2.91] Trunk stability   T0              
1.23 (0.33)    [1.17, 1.28]        1.30 (0.65)    [1.18, 1.41] 
  Push-up            T1             *1.19 (0.40)    [1.12, 1.25]       *1.63 (0.67)†  [1.52, 1.75] 
  (TSPU)            T2            **1.16 (0.44)    [1.09, 1.24]     **1.89 (0.53)†† [1.80, 1.98] 
                           T3            **1.18 (0.38)    [1.11, 1.24]     **2.09 (0.60)†† [1.99, 2.19] 
  Rotation           T0              1.77 (0.44)    [1.70, 1.85]        1.77 (0.42)    [1.69, 1.84] 
  Stability           T1              1.72 (0.47)    [1.64, 1.80]        1.87 (0.35)    [1.81, 1.93] 
      (RS)             T2             *1.70 (0.44)    [1.62, 1.77]       *2.01 (0.20)†  [1.98, 2.05] 
                           T3            **1.72 (0.44)    [1.64, 1.79]     **2.14 (0.39)†† [2.07, 2.20] 
____________________________________________________________________ 

Note: n1 (Control group) = 130, n2 (FST group) = 132, CI – Confidence Intervals.  
*p<0.05 and **p<0.01 statistically significant in horizontal comparisons between control group and FST group. 
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†p<0.05 and ††p<0.01 statistically significant in vertical comparisons within group over time series with reference 
to T0 (baseline).  
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than the control group,  F(1, 260) = 31.655, p<0.01.   Only the FST group showed significant 

improvement across four time points, and there was an interaction between group and time  between T0 

and T1. The specific comparisons of DS between the two groups showed that the FST group had 

significantly better scores than the control group at T2 (M=2.06 vs M=1.50, p<0.01) and T3 (M=2.29 vs 

M=1.55, p<0.01) as depicted in Table 3. For within group comparisons, in reference to T0 (baseline 

score, M=1.37) on DS, the FST group showed significant improvements at T2 (M=2.06, p<0.01) and T3 

(M=2.29, p<0.01) as shown in Table 3. 

 For Hurdle step (HS), the experimental group (FST) scored significantly better than the control 

group, F(1, 260) = 25.037, p<0.01. Only the FST group showed significant gains across four time points, 

and there was no interaction effect between group and time. The specific comparisons of HS between 

the two groups showed that the FST group had significantly better scores than the control group at T1 

(M=2.24 vs M=1.85, p<0.05), T2 (M=2.33 vs M=1.85, p<0.01) and T3 (M=2.46 vs M =1.94, p<0.01) as 

seen in Table 3. For within group comparisons, in reference to T0 (baseline score, M = 2.05) on HS, the 

FST group showed significant improvements at T2 (M= 2.33, p<0.01) and T3 (M=2.46, p<0.01) as 

shown in Table 3. 

 For In-line lunge (IIL), the experimental group (FST) scored significantly higher than the control 

group, F(1, 260) = 27.135, p<0.01. Only the FST group showed significant gains across four time points, 

and there was no significant group and time interaction effect. The specific comparisons of IIL between 

the two groups showed that the FST group had significantly better scores than the control group at T1 

(M = 2.27 vs M = 2.04, p<0.05), T2 (M=2.43 vs M=2.03, p<0.01) and T3 (M=2.61 vs M=2.03, p<0.01) 

as shown in Table 3. For within group comparisons, in reference to T0 (baseline score, M=2.24) on IIL, 

the FST group showed significant improvement at T3 (M=2.61, (p<0.01), as shown in Table 3. 
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 For Shoulder mobility (SH), the experimental group (FST) showed significantly better scores 

than the control group F(1, 260) = 8.630, p<0.01. There were no significant gains for either group across 

four time points, and there was a significant interaction effect for group and time between T0 and T1. 

The specific comparisons of HS between the two groups showed that the FST group had significantly 

better scores than the control group at T2 (M=2.76 vs M=2.50, p<0.05) and T3 (M=2.78 vs M=2.44, 

p<0.01), as shown  in Table 3.  

 For Active straight leg raise (ASLR), the experimental group (FST) scored significantly higher 

than the control group, F(1, 260) = 15.678, p<0.01. Only the FST group showed significant gains across 

four time points, and there was a significant interaction effect across group and time between T0 and T1. 

The specific comparisons of ASLR between the two groups showed that the FST group had significantly 

better scores than the control group at T2 (M=2.66 vs M=2.29, p<0.01) and T3 (M=2.84 vs M=2.37, 

p<0.01), as shown in Table 3. For within group comparisons in reference to T0 (baseline score, M=2.33) 

on ASLR, the FST group showed significant improvements at T2 (M=2.66, p<0.05) and T3 (M=2.84, 

(p<0.01), as shown in Table 3. 

 For Trunk stability push-up (TSPU), the experimental group (FST) scored significantly higher 

than the control group, F(1, 260) = 74.803, p<0.01.  Only the FST group showed significant gains across 

four time points, and there was no significant interaction effect between group and time of testing. The 

specific comparisons of TSPU between the two groups showed that the FST group had significantly 

better scores than the control group at T1 (M=1.63 vs M=1.19, p<0.05), T2 (M=1.89 vs M=1.16, p<0.01) 

and T3 (M=2.09 vs M=1.18, p<0.01), as shown in Table 3. For within group comparisons in reference to 

T0 (baseline score, M=1.30) on TSPU, the FST group showed significant improvements at T1 (M=1.63, 

p<0.05), T2 (M=1.89, p<0.01) and T3 (M=2.09, (p<0.01) as shown in Table 3. 



15 
 

 For Rotation stability (RS), the experimental group (FST) scored significantly higher than the 

control group, F(1, 260) = 21.159, p<0.01. Only the FST group showed significant gains across four 

time points, and there was a significant interaction effect across group and time between T0 and T1. The 

specific comparisons of RS between the two groups showed that the FST group had significantly better 

scores than the control group at T2 (M=2.01 vs M=1.70, p<0.05) and T3 (M=2.14 vs M=1.72, p<0.01), 

as shown in Table 3. For within group comparisons, in reference to T0 (baseline score, M=1.77) on RS, 

the FST group showed significant improvements at T2 (M=2.01, p<0.05) and T3 (M=2.14, (p<0.01), as 

shown in Table 3. 

Comparisons of Physical Performance between FST and Control Groups Across Four Time Points  

The specific results of the National Physical Fitness and Health Standards (NPFHS) 

performances for the participants in the FST and control groups across the four time points are presented 

in Table 4. For the 1,000 m run, measured in seconds, for male participants, there were no significant 

group differences , F(1, 131) = 1.844, p>0.05; but within group comparisons showed significant gains 

across four time points for both groups, and there was a significant interaction effect for group and time 

between T0 and T1. For within group comparisons: the control group in reference to T0 (baseline score, 

M=310.17) on 1,000 m run, showed significant improvements at T2 (M=286.26, p<0.05) and T3 

(M=285.86, p<0.05); and the FST group in reference to T0 (baseline score, M=307.26) showed 

significant improvements at T2 (M=284.86, p<0.05) and T3 (M=277.94, p<0.05), as shown in Table 4. 

 For the 800 m run, measured in seconds, for female participants, there was no significant 

difference between the experimental group (FST) and the control group, F(1, 127) = 0.588, p>0.05. 

Within group comparisons showed no significant gains across four time points for either group, but there 

was a significant interaction effect of group and time between T0 and T1, and between T1 and T2, as 

seen in Table 4.  
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 For Pull-ups, measured in repetitions for male participants, the experimental group (FST) made 

significantly more pull-ups than the control group, F(1, 131) = 8.068, p<0.05.  Within group 

comparisons showed significant gains across four time points for both groups, and there was a 

statistically significant interaction of group and time between T1 and T2. The specific comparisons of 

Pull-ups between the two groups showed that the FST group had significantly better scores than the 

control group at T3 (M=8.58 vs M=6.44, p<0.05), as shown in Table 4. For within group comparisons: 

the control group in reference to T0 (baseline score, M=2.68) on Pull-up, showed significant 

improvements at T3 (M=6.44, p<0.01); and the FST group in reference to T0 (baseline score, M=2.25) 

showed significant improvements at T2 (M=4.57, p<0.05) and T3 (M=8.58, p<0.01), as seen in Table 4. 

 

Table 4. The Comparison of NPFHS across Four Time Points. 
____________________________________________________________________________ 

                           Time                  Control group                                    FST group 
  Activity            series         M (SD)             95% CI                    M (SD)             95% CI 
____________________________________________________________________________ 

 1,000 m run        T0      310.17 (36.07)    [301.47, 318.88]    307.26 (38.08)    [298.14, 316.38] 
(for male, Con.    T1      297.92 (32.50)    [290.08, 305.76]    301.51 (34.03)    [293.36, 309.65] 
=66, FST=67)     T2      286.26 (32.90)†   [278.33, 294.20]    284.86 (32.00)†   [277.20, 292.53] 
                            T3      285.86 (29.74)†   [278.68, 293.03]    277.94 (44.51)†   [267.28, 288.59] 
 800 m run           T0      287.00 (43.35)    [276.30, 297.71]    282.54 (46.92)    [271.22, 293.86]           (for  female,        
T1      279.39 (48.87)    [267.53, 291.25]    281.20 (46.65)    [269.94, 292.45] 
Con.=63, FST     T2      275.90 (48.87)    [263.83, 287.97]    273.70 (46.43)    [262.49, 284.90] 
=66)                     T3      271.07 (46.70)    [259.54, 282.60]    265.93 (41.42)    [255.93, 275.92] 
  Pull-up              T0          2.68 (3.99)      [1.72, 3.64]                2.25 (4.24)      [1.23, 3.26]                              (for 
male, Con.    T1          3.48 (4.12)      [2.48, 4.47]                3.11 (4.68)      [1.99, 4.24] 
=66, FST=67)     T2          3.67 (4.01)      [2.70, 4.64]                4.57 (4.59)†     [3.47, 5.67] 
                            T3       **6.44 (4.24)††   [5.41, 7.46]             **8.58 (5.23)††   [7.32, 9.83] 
  Curl-up              T0        26.58 (8.11)      [24.58, 28.58]          26.54 (8.45)      [24.50, 28.58]  
(for female,         T1       *27.87 (8.31)      [25.82, 29.92]         *32.91 (8.70)†     [30.81, 35.01] 
Con=63, FST      T2     **31.98 (8.11)†     [29.97, 33.98]       **38.44 (8.37)††    [36.42, 40.46] 
=66)                     T3     **36.17 (8.48)††   [34.08, 38.26]       **45.21 (6.14)††    [43.73, 46.70] 
Sit-and-reach       T0          9.74 (8.27)      [8.32, 11.17]              9.79 (6.18)      [8.74, 10.85] 
                            T1     **10.44 (7.08)      [9.22, 11.66]         **14.19 (6.61)†    [13.06, 15.32] 
                            T2     **10.11 (8.60)      [8.63, 11.59]          **14.59 (6.20)†     [13.53, 15.65] 
                            T3     **11.55 (7.06)      [10.34, 12.77]        **17.98 (5.15)††   [17.10, 18.86] 
 Standing             T0          1.62 (1.27)      [1.40, 1.84]                1.62 (1.29)      [1.40, 1.84] 
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broad jump          T1          1.79 (1.30)      [1.56, 2.01]                1.81 (1.28)      [1.59, 2.03] 
                            T2          1.82 (1.28)      [1.60, 2.04]                1.91 (1.25)      [1.70, 2.13] 
                            T3          1.92 (1.29)      [1.70, 2.14]                2.03 (1.85)      [1.71, 2.34] 
50 m sprint          T0          9.25 (3.57)      [8.64, 9.86]                9.29 (3.43)      [8.70, 9.87] 
                            T1          9.06 (3.56)      [8.44, 9.67]                9.16 (3.56)      [8.55, 9.77] 
                            T2          9.19 (2.63)      [8.74, 9.64]                9.12 (3.48)      [8.52, 9.71] 
                            T3          9.10 (2.92)      [8.60, 9.60]                8.38 (3.38)      [7.80, 8.96] 
____________________________________________________________________________ 

Note: n1 (Control group) = 130, n2 (FST group) = 132, CI – Confidence Intervals  
*p<0.05 and **p<0.01 statistically significant in horizontal comparisons between control group and FST group. 
†p<0.05 and ††p<0.01 statistically significant in vertical comparisons within group over time series with reference 
to T0 (baseline).  
 

 For Curl-up, measured in repetitions for female participants, the experimental group (FST) 

performed significantly better than the control group, F(1, 127) = 50.843, p<0.01.  Within group 

comparisons showed significant gains across four time points for both groups, and there was a 

significant interaction of group and time between T0 and T1. The specific comparisons of Curl-up 

between the two groups showed that the FST group had significantly better scores than the control group 

at T1 (M=32.91 vs M=27.87, p<0.05), T2 (M=38.44 vs M=31.98, p<0.01) and T3 (M=45.21 vs M=36.17, 

p<0.01) in Table 4. For within group comparisons: the control group, in reference to T0 (baseline score, 

M=26.58) on Curl-up, showed significant improvements at T2 (M=31.98, p<0.05), and T3 (M=36.17, 

p<0.01); and the FST group, in reference to T0 (baseline score, M=26.54) showed significant 

improvements at T1 (M=32.91, p<0.05), T2 (M=38.44, p<0.01) and T3 (M=45.21, p<0.01), as seen in 

Table 4. 

 For Sit-and-reach, measured in centimeters for all participants, the experimental group (FST) 

performed significantly better than the control group, F(1, 260) = 21.854, p<0.01. Only the FST group 

showed significant improvement across four time points; and there was no significant group by time 

interaction. The specific comparisons of Sit-and-reach between the two groups showed that the FST 

group had significantly better scores than the control group at T1 (M=14.19 vs M=10.44, p<0.01), T2 
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(M=14.59 vs M=10.11, p<0.01) and T3 (M=17.98 vs M=11.55, p<0.01), as seen in Table 4. For the 

within group comparisons: the control group showed no significant improvement across four time points; 

but the FST group, in reference to T0 (baseline score, M=9.79) showed significant improvements at T1 

(M=14.19, p<0.05), T2 (M=15.59, p<0.05) and T3 (M=17.98, p<0.01), as seen in Table 4. 

 For Standing broad jump, measured in meters for all participants, there was no significant group 

difference, F(1, 260) = 0.511, p>0.05, neither group showed significant improvement across four time 

points, and there was no significant group by time interaction effect.  

 For the 50 m run, measured in seconds for all participants, there was no significant group 

difference , F(1, 260) = 0.437, p>0.05, no significant improvement across four time points for either 

group, and no significant group by time interaction effect. 

 

Discussion 

The primary findings from this study were that 12 weeks of FST effectively improved the 

functional movement competency and physical performance of middle school and high school students. 

Comparisons between the experimental group (FST) and the control group and observed improvements 

over time within both groups revealed consistent results for better Functional Movement Screen scores 

of middle and high school students across time points of T2 and T3 (see Table 2). There was a 

significant time-by-intervention interaction effect, F(1, 260) = 21.302, p<0.01 on the Functional 

Movement Screen total score, suggesting that the FST program was more effective for improving 

overall functional movement competency than were regular PE classes for both middle school and high 

school students (see Figure 3). These findings align with previous studies in that Kiesel et al. (2011) also 

reported a significant effect in Functional Movement Screen scores when comparing scores before and 
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after a 7-week intervention for professional football players, and Ting et al. (2019) found that 12-13 

year-old-female participants in a FST program improved their total Functional Movement Screen scores 

more than did those in a traditional strength training program. 

< Insert Figure 3 about here > 

Our results with the Functional Movement Screen further indicated that middle and high school 

students responded to the intervention at T2 and T3 over the four time points (Table 2). Significant 

improvements were shown on all seven activities: deep squat, hurdle step, in-line lunge, shoulder 

mobility, active straight leg raise, trunk stability push-up and rotation stability (Table 3). The results of 

the Functional Movement Screen demonstrated that there is a capacity for adolescents aged 12-17 years 

to respond to a training stimulus effectively as early week four  (i.e., at T2).  

To further explore this apparent developmental trend, we compared the scores of each Functional 

Movement Screen item for the middle and high school students at each of our four time points (Tables 

3). Mobility and stability are the foundations for executing high-quality movements (Moran et al., 2017; 

Kibele & Behm, 2009). Individuals who lack appropriate mobility will inevitably experience ineffective 

strength outputs and poor muscular and joint coordination during movement, resulting in inefficient 

movements, increased energy expenditure and potentially increasing risk of injury (Frost et al., 2012; 

Chorba et al., 2010). The FST can effectively improve mobility and stability of these adolescents in four 

or eight weeks.   

 Consistent with Ting et al.’s 2019 study of a 12-week functional strength program for 12-13-

year-old girls, we found our FST program elicited greater improvements in strength than regular PE 

classes. Muscular strength is a critical component of long-term youth development; and it is an 

independent risk factor for functional limitations and chronic injuries (Myer et al., 2011; NoÓbrega et al., 

2005). However, in an adolescent survey, strength training was of lowest interest among common PE 
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activities, and the amount of strength training adolescents received fell well short of physical fitness 

recommendations (Faigenbaum, 2018). We found that progressive FST was a suitable intervention for 

improving muscular strength in adolescents. 

Flexibility, as measured by the sit-and reach test, was significantly improved at all four of our 

assessment points for the FST group indicating that improvements can be achieved in a relatively short-

term (four weeks) in Table 4. A common misconception is that strength training might hinder flexibility, 

but previous work conducted by Leite et al. (2015) suggests we dismiss this notion. In the present study, 

the first stage of the FST program was to build a solid foundation of mobility and stability. We found 

that range of motion training performed in conjunction with strength training did not jeopardize 

flexibility improvements. 

We observed a significant improvement in power and speed following the functional strength 

intervention for middle and high school students. Since power movements require high rates of force 

development, training mode specificity and maturation-related physiological development are key 

elements for training effects in youth (Behm et al., 2017; Wirth et al., 2016). The FST program used in 

the current study, adopted lower-extremity exercises specific to the target activity, which would be 

expected to result in superior training adaptations. Further, these findings are consistent with previous 

research suggesting that strength training improves sprint velocities (Chelly et al., 2009). Unlike 

traditional strength training, which mostly involves bilateral exercises, our FST program targeted a 

series of rapid, unilateral exercises which would challenge balance and postural control for adolescents 

and may further promote speed development. 

Regarding our finding of greater improvements in both physical performance and functional 

movement quality for middle and high school students, in a meta-analysis on power training effects on 

jump measures, Behm et al. (2017) reported similar findings for children aged 6-12 years (ES 0.74 [0.53, 



21 
 

0.94]) and with adolescents aged 13-18 years (ES 0.57 [0.37, 0.77]). Based on chronological age of our 

participants, our results emphasize the particularly positive effect of FST on physical performances of 

untrained healthy pre-pubertal youth. 

Limitations and Directions for Further Research 

There were several limitations in this study: (a) the regular PE program our control groups received 

did not include the same level of instruction or facilitator attention as was received in our FST program, 

meaning that greater individualized attention might have influenced our findings; (b) only two students 

from the junior grades and two from senior grades were recruited, due to complications associated with 

class size and curriculum schedules, meaning that we were unable to examine the effectiveness of the 

intervention across a broader youth age range; (c) we did not directly examine gender and age (middle 

school students vs high school students) differences; and (d) we did not equate exercise intensity 

between the FST program and the regular PE program. Future replications of this study should address 

these several potential confounds. 

Conclusion 

The FST program was more effective in improving adolescents’ functional movement qualities and 

physical performance than regular PE classes in this study. In contrast to the control group, the FST 

group significantly improved Functional Movement Screen total scores (25.7%), curl-ups (70.4%), pull-

ups (281.6%) and flexibility (83.6%). While increased fitness has a clear effect on physical health, there 

are also benefits for general wellness through improved self-confidence and mental wellbeing. Therefore, 

we recommend that the FST program be included in school curriculum as an alternative fitness program 

for adolescents of all ages and especially for middle school students. 
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Figure.3 the Comparison of Total Score of FMS between FST group and control group at Each 
Time Point.  
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Functional Strength Training Program Description 

Phase One: Flexibility and stability 

1. Supination 

 
Lie supine with your palms facing up, feet shoulder width apart. 

 

2. Prostration 

 
Lie prone with palms facing down, feet shoulder width apart. 

 

3. Four-point prone support 

 
Prone, palms and toes in contact with the ground with legs and torso kept in a neutral 

position (straight). 
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4. Six-point prone support 

 
Prone, palms, knees and toes in contact with the ground, hip and knee at 90 degrees 

and torso kept neutral (straight). 
 

5. Supine support (shoulder and foot)  

 
Supine, cross your arms over your chest, extend and maintain hip extension.  

 

6. Supine support (elbow and foot) 

 
Supine, elbows at 90 degrees, extend hips with elbows, forearm and heels in contact 

with the ground, keep torso straight. 
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7. Kneel (one leg) 

 
Lunge forward until rear leg knee is in contact with the ground, hip and knee at 90 

degrees, keep hands by your side.  

 

8. Kneel (both legs) 

 
Kneeling, keep torso straight, knee at 90 degrees, keep hands by your side. 

 

9. Sitting upright 
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Sit on a chair at a height so thighs are parallel with the ground. Looking forward, keep 

your trunk straight and knees together. 

 

10. Standing upright 

 
Stand upright with torso straight, feet shoulder width apart and palms facing outward. 
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11. Stand on one leg 

 
Stand upright with torso straight, lift one leg slightly keeping weight on the stance leg. 

 

12. Basic posture of movement (both legs) 

              
Bend knees to 120 degrees, flex hips, lean torso forward, place hands by your side.  
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13. Basic posture of movement (one leg) 

           
Bend knees to 120 degrees, flex hips, lean torso forward, place hands by your side. Lift 

one foot off the ground.  

 

14. Static squat  

 
Start position: standing upright, feet shoulder width apart with slight external knee 

rotation; Finish position: thighs parallel with the ground, trunk straight and straight 
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arms held out in front of the bottom/ horizontal.  

 

15. Straight leg hamstring stretch 

 
Lying supine, keep leg straight whiling bringing toward your chest. Hold it when 

reaching maximum stretch.  

 

16. Shoulder blades rotation 

   
Standing upright, clench hands into a fist, bend elbows and try to touch each hand 

behind your back. The upper palm faces inward and the lower palm facing outward. 
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17. Bridge 

 

 
Maintain a prone position with your toes and hands in contact with the ground. Hands 

are shoulder width apart wide with legs and torso in a straight line. 

 

18. Bird-dog 

 
Start position: kneeling prone with six points of contact (hands, knee and toes); Finish 

position: hand and opposite leg are extended away from the body and until parallel 

with the ground, repeat for the other side. 
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19. Overhead squat 

   
Start position: standing upright, feet shoulder width apart with slight external knee 

rotation, hands extended vertically (Y-position); Finish position: thighs parallel with the 

ground, trunk straight and arms extended vertically. 

 

20. Standing heel taps 

   
Stand with your hands on your hips. Point your toes up on one leg, bend your knee, 
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touch heel to ground then return to the starting position. The toes should be pointed 

throughout the action. 

 

21. Split squat 

   
Start position; place hands on hips, take a big step forward to assume split leg stance; 

Finish position: squat until front and rear knee reach 90 degrees, keeping the trunk 

straight. 
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Phase Two: Functional movements pattern 

22. Banded overhead squat 

   
Start position: standing upright with elastic band around knees, feet shoulder width 

apart with slight external knee rotation, hands extended vertically (Y-position); Finish 

position: thighs parallel with the ground, trunk straight and arms extended vertically. 

 

23. Overhead squat with band 

  
Start position: standing upright, place feet shoulder width apart with slight external 
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knee rotation while stepping on elastic band, hands to hold each end of the band and 

extended vertically (Y-position); Finish position: thighs parallel with the ground, trunk 

straight and arms extended vertically. 

 

24. Banded arabesque 

  
Start position: standing upright, hold each end of the band, step on the elastic band 

with one leg; Finish position: bend forward at the hips until the trunk is parallel with the 

ground. The leg with the elastic band is held straight and parallel with the ground. 
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25. Wrist banded push-ups 

 
Start position: Hands shoulder width apart, hold hips off the ground with trunk straight; 

Finish position: chin, chest and upper thigh should make contact with the ground.  

 

26. Banded bird-dog 

  
Start position: kneeling prone with six points of contact (hands, knee and toes), place 

one end of the band around the sole of the foot and hold the other end in your 

opposite hand; Finish position: hand and opposite leg are extended away from the 

body and until parallel with the ground, repeat for the other side. 
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27. Banded straight leg hip extension 

  
Start position: lying supine, place the band around the soles of your feet while holding 

the two ends in your hands; Finish position: both legs are vertical 

 

 

28. One-leg toe grab 

    
Point toes on one foot upwards, bend over and touch with the opposite hand. 
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29. Squat 

   
Start position: standing upright, arms crossed while keeping them parallel with the 

ground, feet shoulder width apart with slight external knee rotation; Finish position: 

thighs parallel with the ground, arms crossed while keeping them parallel with the 

ground, trunk straight and straight arms held out in front of the bottom/ horizontal.  
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30. Single leg squat 

   
Start position: standing upright on one leg while keeping the other behind the body, 

arms crossed while keeping them parallel with the ground; Finish position: knee 

approximately 100 degrees with the other behind the body, arms crossed while keeping 

them parallel with the ground, lean forward at the trunk 

 

31. Lunges 

   
Start position; place hands on hips then lunge forward; Finish position: front and rear 
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knee reach 90 degrees, keeping the trunk straight, alternate between legs 

 

32. Push-ups (incline, kneel, prone) 

 

 
Start position: Hands shoulder width apart, hold hips off the ground with trunk straight; 

Finish position: chin, chest and upper thigh should make contact with the ground.  

 

33. Incline body rows 
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Start position: standing with a slight lean backwards, holding the cable handles with 

both hands and extended away from body; Finish position: body has been pulled 

toward cable handles  

 

34. Body rotation (bare hands + dumbbells) 

   
Start position: standing upright, place palms together, elbows at 90 degrees and placed 

on hips then held in front of your chest; Finish position: rotated through the hips and 

opposite foot (left rotation = right foot turned, vice versa).  
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35. Trunk rotation (bare hands + dumbbells) 

   
Start position: standing upright, place palms together with arms held in front of your 

chest; Finish position: Keep the hips and feet fixed and rotated to either the left or right. 

 

Phase Three: Health-Related Functional Strength  

36. Unilateral straight leg lower 

   

Start position: lying supine, hold both legs together at 90 degrees hip flexion/ vertical. 

Finish position: one leg touches the ground, alternate limbs.  
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37. Toe touching with reach 

  

Start position: standing upright with hands held straight above head, heels on the 

ground with toes on a 2.5-5cm wedge; Finish position:  

Bent over at the hips, touching toes with fingertips. 

 

38. Brettzel 

 

Lying on your side, place top leg hip and knee at 90 degrees, grab the ankle bottom leg 
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then rotate your shoulders to make contact with the ground. 

 

39. Plank with one arm row  

  

Start position: prone position with your hands shoulder width apart and hips and torso 

held straight. Hold dumbbell in one hand; Finish position: maintaining prone position, 

dumbbell is pulled toward hip. 

 

40. Straight lunges with dumbbells /kettle bell 

  

Start position; hold dumbbell at sternum level then lunge forward; Finish position: front 

and rear knee reach 90 degrees, keeping the trunk straight, alternate between legs 



51 
 

41.  One-handed dumbbell / kettle bell pull 

  

Start position; bend forward through the hips while keeping trunk straight, hold 

dumbbell/ kettle bell in one hand; Finish position: standing up right with straight trunk. 

 

42. Dumbbell arabesques 

  

Start position: standing upright, holding dumbbells; Finish position: bend forward at 

the hip until the trunk and rear leg is parallel with the ground.  
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43.  Raised hands elastic belts  

  

Start position: standing upright with elastic band around knees, feet shoulder width 

apart with slight external knee rotation, hands extended vertically (Y-position); Finish 

position: thighs parallel with the ground, trunk straight and arms extended vertically. 
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44. Arm pendulum with squat  

   

Standing upright, legs shoulder width apart, swing kettle bell through legs while 

keeping trunk straight. Extend hips while keeping arms straight (pendulum like) then 

allow the elbows to bend when the kettle bell reaches chest level. Hold kettlebell at 

chest then stand upright.  

 

45. Modified Turkish get up  
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Lying supping, hold the kettle bell away from the body (vertical) with a straight arm while 

bending the knee of the same side. The opposite arm should be in contact with the ground at 

45 degrees. To stand up, move onto the elbow of the opposite arm then onto the hand. The 

arm holding the kettle bell should remain vertical at all times and keep as close to the ear as 

possible.  

 

46. T push-ups 

  

Start position: chin, chest and upper thigh should be in contact with the ground, hands 

shoulder width apart, hold hips off the ground with trunk straight; Finish position: 

rotate through the trunk so one arm is vertical, maintain three-points of contact with 

ground. 
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47. One arm shoulder press with twist  

  

Start position: standing upright, hold dumbbells at shoulder level; Finish position: one arm is 

held straight above head with rotation through the hip and foot of the same side 
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48. Backwards med-ball throw 

  

Standing upright. Perform quarter squat so med-ball is between the legs and forearms, 

forcefully extend hips allowing arms to straighten. Release ball once triple extension has been 

achieved and arms straight overhead.  

 

49. Swiss dumbbell/kettle bell row 
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Start position: lying prone on swiss ball, trunk straight, toes in contact with the ground held 

shoulder width apart, hold dumbbells at shoulder level; Finish position: dumbbells pulled 

toward to body at hip level. 

 

50. Swiss ball knee tuck  

  

Start position: assume prone position with feet and shank placed upon Swiss ball, hips and 

trunk held straight; Finish position: heels pulled toward buttocks with knees under hips. 
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51. Swiss ball supine bridge 

 

Lying supine, place Swiss ball under ankles, extend hips and maintain straight trunk. 

 

52. Squat jumps  

  

Start position: thighs parallel with the ground, trunk straight and arms on hips.; Finish 

position: triple extension with body leaving the ground (flight time). 



59 
 

53. Multi directional lunges  

  

Standing upright, hold dumbbells at shoulder level, alternate between forward, side and rear 

lunges 

 

54. Pistol squats with dumbbells / kettle bell 

  

Start position: standing upright on one leg while keeping the other held straight in 

front of the body, hold dumbbells next to hips; Finish position: buttock makes contact 

with ankle. 
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55. Bosu ball one leg hard pull one-handed dumbbell/kettle bell 

  

Start position: standing one-legged on bosu ball, hold dumbbell on same side as 

stance leg; Finish position: bend forward at the hip until the trunk and rear leg is 

parallel with the ground, arm holding dumbbell away from body (vertical).  
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