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Abstract
Aim: The objective of this study was to investigate the effects of a ten-visit individual coordinative lo-
comotor training (CLT) program, including both a hands-on and a hands-off approach, on static and 
dynamic trunk stability in healthy adults with sedentary occupations. 
Methods: During the ten-visit program, the performance of eight subjects was monitored using a 
modified one-leg stance test in the sprinter and skater position, the Y-balance test, and the scapula and 
ischial tuberosity control test in the four-legged position. The data were analyzed using parametric and 
nonparametric statistics at an overall level of significance α=0.05. 
Results: In the one-leg stance test, all subjects achieved a maximum value of 60 s on all ten visits. 
The improvement over time in the Y-balance test results was statistically significant for all directions 
(p<0.001). In addition, a statistically significant improvement in the Y-balance test composite score 
was observed between the first and the last visit (p=0.015-0.041). Subject-specific patterns were 
observed in the results of the Y-balance test. Significant improvements were observed over time in the 
four-legged position test score (p=0.008-0.010). 
Conclusion: The CLT program led to a significant improvement in trunk stability and leg reach in 
the anterior and posterolateral directions, as well as a reduction in instability as determined by the 
composite score of the Y-balance test.

Keywords: proprioceptive neuromuscular facilitation; coordinative locomotor training; sprinter; 
skater; trunk stability; Y-balance test; one-leg stance test

Sažetak
Poboljšanje balansa i stabilnosti trupa kod zdravih odraslih primjenom koordinativnog 
lokomotornog treninga
Cilj: Istražiti učinke individualnog programa Coordinative Locomotor Training (CLT) na statičku i 
dinamičku stabilnost trupa kod zdravih odraslih osoba sa sjedilačkim zanimanjima. 
Metode: Tijekom programa od deset posjeta korišten je hands-on i hands-off pristup. Praćena je izvedba 
osam ispitanika korištenjem modificiranog testa stajanja na jednoj nozi u položaju sprintera i skatera, 
Y-balans testa te testa kontrole angulus inferior scapulae i tuber ischiadicum u četveronožnom položaju. 
Podaci su analizirani koristeći parametrijsku i neparametrijsku statistiku na ukupnoj razini značajnosti 
α=0,05. 
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[7], and healthy adults [19,37,38]. These studies have shown a 
number of positive effects on pain [17,39], posture [6,36], various 
parameters of gait [14,18,26], balance [19,20], muscle strength 
[38,39], fall factor [22,24], plantar foot pressure [37], etc. Overall, 
the effects of CLT have been studied much more extensively in 
patients with certain pathologies than in healthy adults.
Modern lifestyles with a lot of sitting at work for eight or more 
hours a day, additional sitting in transportation, lack of exercise 
in nature, etc. have a negative effect on posture and the static 
and dynamic stability of the body. The aim of this study was 
therefore to quantify the effects of a ten-visit individual CLT 
training program including both a hands-on and a hands-off 
approach, on static and dynamic trunk stability in healthy adults 
with sedentary occupations. For this purpose, a modified one-leg 
stance test in the sprinter and skater position, the Y-balance test, 
as well as the scapula and ischial tuberosity control test in the 
four-legged position were used. The null hypothesis was that 
there would be no change in the variables of the aforementioned 
tests over ten visits.

2. Materials and Methods
2.1. Test subjects

The inclusion criteria for candidate selection were as follows: 
healthy adults (18+) employed in a sedentary work environment 
and voluntarily attending the private physical therapy center 
twice a week. Exclusion criteria for candidate selection were: 
acute orthopedic deficits and other acute health conditions. All 
subjects were familiarized with the study protocol and writ-
ten informed consent was obtained. The study was conducted 
according to the guidelines of the Declaration of Helsinki and 
approved by the Ethics Committee of the Croatian Association 
for Proprioceptive Neuromuscular Facilitation, Rijeka, Croatia 
(No. 01-02/2023, approved February 25 2023).
Preliminary clinical observations were used to conduct a power 
analysis which indicated that in the self-controlled study design 
with ten repeated measurements of six Y-balance test variables 
(three directions, measured before and after training) as the main 
outcome variables performed throughout the CLT training, a sam-

1. Introduction
The concept of Coordinative Locomotor Training (CLT) is a 
therapeutic approach based on a similar technique known as pro-
prioceptive neuromuscular facilitation (PNF) [1]. The concept 
is based on activating the whole body by utilizing the synergy 
of bilateral asymmetric PNF patterns in each movement [2,3]. 
CLT can be used as a rehabilitation treatment to restore the pa-
tient’s stability, strength, and mobility, as well as to relieve pain. 
However, the use of CLT is not limited to rehabilitation, but can 
also be used with healthy people, e.g. athletes, to improve their 
performance [4–7]. There are both “hands-on” and “hands-off” 
approaches that offer a wide range of therapeutic possibilities and 
enable the patient to perform the exercises themselves following 
the therapist’s initial instructions [1].
As CLT is a recently developed therapeutic concept that is 
constantly evolving, diverse terminology has been used in the lit-
erature for what is essentially the same therapeutic approach. Most 
terms reflect the similarity and overlap between PNF and CLT 
concepts, as the latter can be considered to have evolved from the 
former: Sprinter-Skater Patterns [8], Sprinter Patterns of PNF [9], 
PNF Combined Patterns [10], Combination Patterns Exercise of 
Proprioceptive Neuromuscular Facilitation [11], Combination of 
PNF Patterns for Coordinative Locomotor Training [12], Upper 
and Lower Limb Coordinated Exercise of PNF [13,14], Integrated 
Patterns of PNF [15], PNF Skater Pattern [16], Proprioceptive 
Neuromuscular Facilitation Integration Pattern [17], Coordina-
tive Locomotion Training Using the PNF Pattern [18], Skater 
and Sprinter Combined Pattern in PNF [19], Skater and Sprinter 
Pattern [20], Upper and Lower Extremity Coordination Training 
[21]. Finally, in more recent literature, the term CLT [22–29] is 
used, reflecting the fact that the therapeutic approach has diverged 
enough from its parent concept (PNF) that it is referred to with its 
own, PNF-independent terminology.
The benefits of CLT have been studied in various populations, 
including patients with stroke [14,21,24,26,29–32], cancer [25], 
scoliosis [28,33], patients with hyperlordosis [34], spinal injuries 
[8,18], the elderly [13,17,22], obese women [35], children [36], 
baseball players [4], badminton players [5], archers [6], athletes 

Rezultati: U testu stajanja na jednoj nozi, svi ispitanici postigli su maksimalnu vrijednost od 60 s na 
svih deset posjeta. Poboljšanje tijekom vremena u rezultatima Y-balans testa bilo je statistički značajno 
za sve smjerove (p<0,001). Dodatno, statistički značajno poboljšanje u ukupnom rezultatu Y-balans 
testa zabilježeno je između prvog i posljednjeg posjeta (p=0,015-0,041). Specifični obrasci po ispi-
taniku opaženi su u rezultatima Y-balans testa. Značajna poboljšanja opažena su tijekom vremena u 
rezultatima testa u četveronožnom položaju (p=0,008-0,010).
Zaključak: CLT program doveo je do značajnog poboljšanja stabilnosti trupa i dosega noge u pred-
njem i posterolateralnom smjeru, kao i do smanjenja nestabilnosti određene ukupnim rezultatom 
Y-balans testa.

Ključne riječi: proprioceptivna neuromuskularna facilitacija; koordinativni lokomotorni trening; 
sprinter; skater; stabilnost trupa; Y-balans test; test stajanja na jednoj nozi
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ple size of n=8 would be sufficient to detect a statistically significant 
improvement of at least 10% from the baseline values at the signifi-
cance level of α=0.05 and with a statistical power of over 80%. The 
study was designed as a case series involving eight subjects (seven 
females and one male) whose individual improvement in perfor-
mance over time was presented descriptively, with pooled data of all 
subjects analyzed using inferential statistics. The age of the subjects 
ranged from 28-56 years (average: 43 years) and the body mass 
index ranged from 19.0-30.1 kg/m2 (average: 23.2 kg/m2).

2.2. Coordinative Locomotor Training (CLT) exercises

The exercises were progressively structured according to the degrees 
of motor control [1,2]. The first part of the exercises consisted of 
a large support base with emphasis on static holding of a specific 
position with the aim of achieving stability and trunk control 

through key control points (ischial tuberosity and inferior angle of 
scapula). The gradual progression leads to a change in the position 
of the body in space and the movements of the individual seg-
ments with regard to the mobility of one limb in an open kin-
ematic chain, while the posture of the rest of the body is controlled 
by the therapist through the application of resistance to key points 
or the moving segment. The third level of motor control involves 
controlled movements in a closed kinematic chain with simultane-
ous control over the rest of the body. Further progression leads to 
integration, i.e. the free execution of a specific action in complete 
harmony and synergy with the work of the rest of the body. All 
measurements and all exercises were performed barefoot. The 
training program consisted of 10 visits (2 visits per week over 5 
weeks), with each training session lasting 30 minutes. The detailed 
training protocol can be found in Table 1.

Table 1. Exercise protocol of the ten-visit CLT program.

Visit No. / 
Approach

Position Pattern Activity level

1
Hands on

Four-legged position 4 contact points*
Four-legged position 3 contact points*
Four-legged position 2 contact points*
Supine

Sprinter/skater
Sprinter/skater
Sprinter/skater
Sprinter/skater

Securing
Linking
Linking
Securing/linking

2
Hands on

Sitting 
High sitting 

Sprinter/skater
Sprinter/skater

Securing/linking
Securing/linking

3
Hands on

Bear stand 4 contact points
Bear stand 3 contact points
Bear stand 2 contact points

Sprinter/skater
Sprinter/skater
Sprinter/skater

Securing
Securing/linking
Securing/linking

4
Hands on

Hook lying
Bridging
Supine

Chopping
Chopping
Lifting

Securing/linking
Securing
Securing/linking

5
Hands on

Supine
Hook lying
One-leg bridging

Chopping
Sprinter/skater+
Sprinter/skater+

Securing/linking
Securing/linking+
Securing/linking+

6
Hands on

Half-edge seat 
Standing position with arm support on the table

Chopping
Sprinter/skater

Securing/linking
Securing/linking

7
Hands on

Four-legged position 4 contact points
Four-legged position 3 contact points
Four-legged position 2 contact points (head leaning on the wall)
Side lying

Sprinter/skater
Sprinter/skater
Sprinter/skater
Sprinter/skater

Securing
Linking
Linking
Linking

8
Hands on

Hook lying
One-leg bridging 

Sprinter/skater+
Sprinter/skater+
Sprinter/skater+

Linking+
Linking+
Controlling+

9
Hands off

Standing Sprinter/skater
Sprinter/skater/chopping 
Sprinter/skater
CLT dance

Securing
Linking
Controlling
Integration

10
Hands off

Standing

Four-legged position 4 contact points*
Four-legged position 3 contact points*
Four-legged position 2 contact points*

Sprinter/skater+
Sprinter/skater/
chopping+ 
Sprinter/skater+
CLT dance+

Sprinter/skater
Sprinter/skater
Sprinter/skater

Securing+
Linking+
Controlling+
Integration+

Securing
Linking
Linking

* In the four-legged position, the evaluation (scoring) takes place simultaneously with the execution of the exercise
+ Exercise involves the use of elastic bands 
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At each visit, measurements were taken before and after the CLT 
exercises using a modified one-leg stance test, the Y-balance test, 
and a visual analog (VAS) pain scale, as shown in the flowchart 
in Figure 1. In addition to these tests, the four-legged position 
test was performed at the first and the last visit.

2.3. Modified one-leg stance test

The standard one-leg stance test is performed in a standing 
position with the arms crossed over the chest [40]. The timing 
begins when the opposite leg lifts off the ground and ends when 
the leg is lowered or when the subject raises the arms to maintain 
balance. Otherwise, the timing is terminated after 60 s, which is 
considered the maximum score attainable for the test [41]. The 
standard form of this test was also used in previous studies on 
CLT and showed positive effects [25,36]. In the present study, a 
modified version of the one-leg stance test was used, which was 
based on different load distributions on the stance foot depend-
ing on changes in the posture [37]. The modified one-leg stance 
test involved standing on one leg in two basic CLT patterns, 
namely the sprinter and the skater pattern. Although the foot is 
in full contact with the ground in both patterns, the distribution 
of plantar pressure on the ground and the distribution of forces 
in the body varies depending on the position of the rest of the 
body [37]. In the sprinter pattern, the pressure is more on the 
toe side of the foot, while in the skater pattern, there is more 
pressure on the little finger side [1,37]. The testing is performed 
with bare feet to increase proprioceptive stimulation and aware-
ness of the feet and reduce the false stability that can be obtained 
from the stabilizing support of footwear. 

2.4. Y-balance test

At the first visit, each subject was demonstrated the Y-balance 
test. According to the standard protocol, each subject had to 
try each test direction 6 times in each direction to eliminate the 
effect of motor learning [42]. Only then was the first measure-
ment taken. The measurements were performed according to the 
protocol recommended in the manufacturer’s instructions. First, 

Figure 1. Flowchart of the study protocol, with exercises (red) and tests (green and blue).

the anterior direction was measured for one leg and then for the 
other, then the posterolateral direction for the first and the other 
leg, and finally the posteromedial direction for one leg and then 
for the other. Each direction was performed three times in suc-
cession and the best result of the three trials was recorded [43]. 
The measurements were taken at each visit before and after the 
exercises. In addition to analyzing the scores achieved for each 
individual direction of the Y-balance test, the composite score for 
each leg was calculated as the sum of the three reach directions 
divided by three times the leg length, and expressed as a percent-
age [42].

2.5. Four-legged position test

The test of scapular and ischial tuberosity control in the four-
legged position was carried out as a combined exercise/test on 
the first and last visit. The subject’s task is to maintain postero-
depression of the scapula and ischial tuberosity of the supporting 
arm and leg throughout the test if the sprinter position is tested, 
or anterodepression of the scapula and ischial tuberosity of the 
supporting arm and leg if the skater position is tested [1]. The 
examiner applies resistance simultaneously to the inferior angu-
lus of one arm and the ischial tuberosity of the opposite leg. The 
stability of the key points for the sprinter position is tested by 
applying resistance in the direction of anterolevation to activate 
the muscles responsible for performing posterodepression. The 
stability of the key points for the skater position is tested by ap-
plying resistance in the direction of posteroelevation direction to 
activate the muscles responsible for performing anterodepression. 
The test begins with the easiest position, i.e. with the load dis-
tributed on all four limbs, and then progresses to more difficult 
positions. In each position, the examiner applies resistance to 
key points three times for five seconds and notes the worst result 
from three trials.
The first position is a four-legged stance with all four limbs on 
the floor. The second position is more challenging as the subject 
must hold the position of the key points against the resistance 
using three supports on the floor while one limb moves in an 
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open kinematic chain in the sprinter or skater pattern. All com-
binations of key points and movement patterns (sprinter/skater) 
are performed, i.e. each limb is eventually lifted from the floor. 
The third position is the most challenging and involves holding 
key points against a resistance with two supports on the floor 
while the other two limbs move in an open kinematic chain in 
the sprinter or skater pattern. 
For the first and second position there are a total of 8 possible 
combinations (4 key points x 2 movement patterns, i.e. sprinter/

skater), while for the third position there are 4 possible combi-
nations (2 body diagonals x 2 movement patterns). To reduce 
the amount of data, for each position the result of the weakest 
key point is recorded as the most meaningful. In this way, each 
position is given a single value according to the scoring criteria 
explained in Table 2. Tremor is allowed and has no influence on 
the score given. However, trunk lateralization, holding on to the 
wall or touching the floor after the free limb has been lifted is 
not permitted and will result in a lower score.

Table 2. Scoring criteria for the four-legged position test.

Position No.
Position consists of four-legged 
stance with:

Scoring criteria (for each position)

The subject is able to hold the position against resistance on 
the scapula and ischial tuberosity: Score

1 Four supports For at least 5 seconds without loss of body stability and 
without displacement of the scapula and/or ischial tuberosity 3

2 Three supports with arm or leg 
movement in sprinter/skater pattern

For up to 3 seconds without loss of body stability and without 
displacement of the scapula and/or ischial tuberosity 2

3 Two supports with arm and leg 
movement in sprinter/skater pattern

For up to 3 seconds, but with visible lateralization of the body 
and with loss of control of the scapula or ischial tuberosity 1

Can not perform the required pattern 0

2.6. Visual-analog scale (VAS) for pain evaluation

The level of pain was assessed by asking the subjects to rate the 
pain before and after the exercises using the visual-analog scale 
(VAS), with scores ranging from 0-10.

2.7. Statistical analysis

Based on the data distributions analyzed with the Shapiro-Wilk 
test and normal Q-Q plots, it was decided whether parametric 
or nonparametric tests should be used. As the pseudo-interval 
data for the four-legged position test score showed significant 
departures from the normality assumption, a non-parametric 
Wilcoxon signed rank test for related samples was used to 
compare the values between the first and last visit. The extent of 
improvement in said scores (calculated as the difference between 
the last and the first visit) was compared between the three posi-
tions of the four-legged position test using the Kruskal-Wallis 
test for independent samples. A large amount of data collected 
with the Y-balance test including 960 individual data points (8 
subjects x 10 visits x 2 legs x 3 directions x 2 measurement time 
points), was summarized into 12 variables created as combina-
tions of 2 legs x 3 directions x 2 measurement time points. The 
data for these Y-balance test variables did not deviate significantly 
from the normal distribution and were therefore compared 

between the first and last visit using repeated measures analysis of 
variance (ANOVA). For the extent of improvement measured by 
the Y-balance test, comparisons were made among 12 combina-
tions of (2 legs x 3 directions x 2 time points) using a one-way 
ANOVA. Tukey’s adjustment was used for multiple comparisons. 
The difference between the left and right leg in the Y-balance 
test, calculated as the absolute value of the difference between 
the results of the two legs, was compared between the first and 
last visit using repeated measures ANOVA. The result of the 
Y-balance test composite score was compared among 10 visits 
using a repeated measures ANOVA with Bonferroni adjustment 
for multiple comparisons. The overall significance level was set at 
α=0.05 for all analyzes. Statistical analysis was performed using 
SPSS, version 25.0 (IBM, Armonk, NY, USA). 

3. Results
In the one-leg stance test, all subjects achieved a maximum value 
of 60 s on all ten visits. As the test protocol requires the test to 
end after 60 s, this means that all subjects reached the plateau 
value, making the variable basically non-discriminative and 
therefore no statistical comparisons were made. Similarly, no 
statistical comparisons were made for the results of the VAS pain 
scale, as all subjects reported “no pain” on all ten visits.



Original Article

RAD 565. Medical Sciences 68-69 (2024) : 24-38                        www.rad-med.com 29 December 2024   -   Vol 565 = 68-69

The three-dimensional bar charts in Figure 2 show the values 
measured with the Y-balance test for each of the subjects over 
their ten visits. The values measured for direction “1” were gener-
ally lower than the values for direction “2” and “3”. In addi-
tion, less improvement over time was observed for direction “1” 
than for the other two direction. Overall, the values measured 
in the Y-balance test gradually increased over the course of the 

ten visits, although there were differences among subjects. For 
example, while subjects 1, 2, 4, 5, and 6 showed a clearly visible 
increase in the measured values over the course of ten sessions, 
some subjects showed comparatively flatter patterns with less im-
provement (subject 3) and some subjects showed a more subtle 
trend of increase with a greater spread of data over ten sessions 
(subjects 7 and 8).

Figure 2. Y-balance test values. Each bar represents the best 
measured value of three repetitions. The left horizontal axis 
represents the directions in the Y-balance test measured before 
and after performing the exercises (2 legs x 3 directions x before/
after = 12 variables in total). The right horizontal axis represents 
the progression over ten sessions. The vertical axis represents the 
values measured with the Y-balance test.
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The results of the Y-balance test measured at the first and the 
last visit are compared in Figure 3a. The values for direction 1 
were generally lower than the values for directions 2 and 3. The 
increase in Y-balance test results was statistically significant for all 
directions and both measurement times (before and after the ex-
ercises), with the exception of direction L1 measured before the 
exercises, which showed a marginally significant improvement 
(p=0.066). Figure 3b, which shows the extent of improvement 

in Y-balance test results, indicates that the interquartile ranges 
(Q1-Q3) were above zero for all directions and both measure-
ment times, with the bottom 25% of the distributions spreading 
below zero for only 4 of 12 groups. The extent of improvement 
was mostly statistically similar across all 12 groups due to the 
combined effect of data scatter and the use of adjustment for 
multiple comparisons.

Figure 3. The results of the Y-balance test with p-values for the comparisons between the first and the last visit (a). Statistically significant results (p<0.05) are marked in bold 
letters. Before: values measured before the exercises, after: values measured after the exercises. Panel (b) shows the extent of improvement in the Y-balance test results, calculated as 
the difference between the values measured at the last and first visit. Identical letters represent statistically homogeneous groups for the comparisons of all 12 groups together.
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The results of the Y-balance test composite score over the ten 
visits are shown in Figure 4. An increasing pattern was observed 
for both legs at both measurement times (before and after the 
exercises). A statistically significant (p=0.015-0.041) increase was 
observed between the first and last visit. Pairwise comparisons 
with significance adjustment for multiple comparisons identified 

significant increases for several other combinations of measure-
ment time points. As the statistical results of the individual 
pairwise comparisons varied due to the relative magnitudes of 
the mean difference and the data dispersion of the respective pair 
of time points, only the p-values for the comparison of the first 
and the last time point are shown for reasons of clarity.

Figure 4. Changes in Y-balance test composite scores over ten visits, represented separately for the left and right leg, measured before and after the exercises. P-values are shown for 
comparisons between the first and last visit.
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By plotting the results of the Y-balance test composite score 
for each subject individually, subject-specific patterns can be 
observed (Figure 5). Despite different baseline values measured at 
the first visit (85.6-94.7%), four of the eight subjects (No. 1, 2, 
4, and 5) achieved the composite score of about 100% at the last 
visit. One subject (No. 6) showed a clear trend towards an in-

crease over ten visits, with lower final scores of 90.9-93.8% failed 
to surpass the 94% threshold. Three subjects (No. 3, 7, and 8) 
showed a noisy data pattern with no clear trend of increase over 
ten visits. However, in the latter two subjects (No. 7 and 8), the 
final scores were higher than the initial scores measured at the 
first visit, despite the noisy data in between.

Figure 5. Changes in the Y-balance test composite score over the course of ten visits, shown for each subject individually. For each combination of leg (right/left) and measurement 
time (before/after exercises), clusters of ten bars represent the values obtained during consecutive visits from 1 to 10. The red dashed line indicates the 94% threshold.
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The difference in Y-balance test values between the left and 
right leg (presented as absolute values to quantify the extent of 
imbalance regardless of direction) are shown in Figure 6. The 
data distributions were generally shifted towards lower values at 
the last visit than at the first visit, resulting in an overall statisti-
cally significant (p=0.035) difference between the last and first 
visit, i.e. when the values of all six directions and measurement 
times were pooled together. When each combination of direc-
tion and measurement time point was considered individually, 
the decrease for direction 3 after the exercises was identified as 
statistically significant (p=0.041).

Figure 7a shows how the scores on the four-legged position test 
changed between the first and the last visit. On the first visit, the 
score decreased in the following order: 4 supports > 3 supports > 
2 supports. The statistically significant improvement between the 
first and the last visit was observed for 3 supports and 2 supports, 
while the increase observed for 4 supports can be considered 
marginally significant (p=0.063). The extent of improvement is 
shown in Figure 7b, which shows that all improvements were 
statistically similar. Nevertheless, higher improvements can be 
observed for 3 and 2 supports than for 4 supports. 

Figure 6. Y-balance test results for the absolute values of the difference between the left 
and right leg, measured before and after the exercises. P-values are shown for compari-
sons between the first and the last visit. Statistically significant results (p<0.05) are 
marked in bold letters.

Figure 7. Results for the four-legged position test, measured at the first and last visit (a). The p-values for the comparison between the first and last visit are shown. Statistically 
significant results (p<0.05) are marked in bold letters. Panel (b) shows the extent of score improvement, calculated as the difference between the scores measured at the last and first 
visit. The p-value is given for the omnibus test comparing all three improvements.



Original Article

RAD 565. Medical Sciences 68-69 (2024) : 24-38                        www.rad-med.com 34 December 2024   -   Vol 565 = 68-69

4. Discussion
The CLT exercise program investigated in the present study was 
developed empirically and is based on clinical experience with 
healthy adults who have provided positive feedback over the past 
several years that it has been offered as an optional program for 
healthy adults at the physical therapy center. This CLT pro-
gram align with the Gestalt principle that movement should be 
considered as a coordinated whole rather than isolated segmental 
actions. Even minor adjustments in one part of the body trigger 
changes across the entire system, leading to improved bal-
ance and stability [44]. The positive feedback from clients and 
anecdotal evidence collected from therapists about the benefits 
of the program were the motivation for the present study. In this 
context, the study was designed to quantify the benefits of the 
empirically designed training protocol without attempting to 
evaluate separately individual factors of the protocol, such as the 
position, movement pattern, technique, the choice of hands-off 
or hands-on approach, etc. The protocol was designed primarily 
for healthy, non-athletic adults, follows degrees of motor control, 
involves changes in the subject’s position, and progressively 
increases in difficulty. The progression went in several direc-
tions: by changing the position from a larger support surface 
to a standing position, by additional loading with elastic bands 
and by increasing the level of activity according to the degrees 
of motor control. During the first visits, the focus was on the 
level of stabilization, then on the level of linking and then on the 
level of controlling, up to integration through walking activities, 
which took place during the last two visits. All stages of progres-
sion were combined to achieve a higher load. The use of such an 
integrated CLT program differs from most other studies in which 
specific movement patterns or positions were used in isolation 
[21,28,31,36,39,45]. Furthermore, the present study focused 
on a general population of non-athletic adults, in contrast to 
most studies that focus on specific subgroups of either athletes 
[4,6,7,45] or patients with a particular pathology [18,25,31,46].
All subjects were long-term clients of the physical therapy center 
where this study was conducted. All were healthy adults whose 
jobs were predominantly sedentary and who spent 8-12 hours 
per day at work. Prior to the present study, all subjects attended 
the center regularly for at least twelve months, twice a week for 
30 minutes of individual training, which was essentially a routine 
“fitness” program for healthy clients offered by the physical 
therapy center. It was found that although they were exercising 
regularly, they had poor balance and relatively low awareness of 
their bodies and consequently showed poor body control when 
performing the standard “fitness” exercises. It can be assumed 
that they had reached their performance plateau with the current 
training program and made little or no further progress in stabil-
ity or body control over time. This condition ensured a constant 
baseline performance and allowed for a repeated measures design 
where each subject was their own “control” to measure progress 

over time. This resulted in high statistical power despite the small 
sample size, with null hypothesis being rejected for the two main 
measures of progress, namely the Y-balance test score and four-
legged position score. 
The standard for the one-leg stance test is to measure the time 
the subject is able to hold the position, up to a maximum of 
60 s. After reaching 60 s, the time measurement is stopped and 
it is assumed that the subject has reached the maximum score 
[41]. As this was the case for all subjects and at all time points 
in the present study, there were no quantitative differences in 
the one-leg stance test. However, qualitative differences were 
noted by both the investigator and the subjects. These qualitative 
observations, which were not captured by the standard variable 
of the test, i.e. the timing of the stance, included higher insta-
bility and visible tremor while performing the sprinter/skater 
pattern, weight shift on the stance foot in the mesio-lateral or 
antero-posterior direction, and fatigue after performing the test. 
All of these phenomena were most pronounced on the first few 
visits and became less noticeable on subsequent visits as subjects 
gained better awareness of their key points and were better able 
to maintain stability without shifting body weight and adjusting 
limb positions to compensate for instability.
The most notable effects of the CLT program investigated in 
the present study were seen in the results of the Y-balance test. 
Despite individual differences in both the initial Y-balance test 
performance and the extent of improvement over ten visits 
(Figure 2), an overall statistically significant improvement was 
found for all directions (Figure 3a). Considering the amount and 
direction of change in the Y-balance test score between the last 
and the first visit (Figure 3b), most changes were in the positive 
direction (i.e. higher scores at the last visit), with only several 
datapoints showing negative values, particularly for direction L1. 
Although the extent of improvement was statistically similar for 
all directions, it was lower for directions D1 and L1 compared to 
the other directions (D2, D3, L2, and L3). This result is consist-
ent with directions D1 and L1 generally having lower values than 
the other directions at all time points (Figure 2 and Figure 3a), 
which is in turn related to the general mechanics of the Y-balance 
test, where the anterior directions (D1 and L1) are more difficult 
to reach than the lateral directions (D2, D3, L2 and L3) [47].
In addition to the significant improvements in the Y-balance 
test results for the individual directions (Figure 3a), the com-
posite score of the Y-balance test showed a statistically signifi-
cant improvement over the course of ten visits (Figure 4). The 
composite score is calculated by considering all three directions 
of the Y-balance test, normalizing their sum to the length of the 
respective leg, and expressing the obtained “composite” value as 
a percentage [42]. In the literature, composite score values below 
94% are cited as an indication of an increased risk of injury due 
to instability [43]. In the present study, all eight subjects initially 
had values below the threshold of 94% (range: 71-93%), while at 
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the final visit half of them (four out of eight) improved enough 
to surpass the threshold (Figure 5). The comparatively poor-
est performance in the Y-balance test for the composite score 
(Figure 5) and for the scores in each individual direction (Figure 
2) observed in subjects 3, 7, and 8 could be related to their age, 
as they were the oldest subjects in the study at the age of 53, 56 
and 51 years, respectively. In addition to the composite score, 
a difference in the Y-balance test value between the two legs in 
the anterior direction (absolute value of L1-D1) of more than 4 
cm has been described in the literature as an indication of injury 
risk [42]. According to this criterion, only one subject had an 
increased risk of injury, as the difference between the legs in the 
anterior direction was 5 cm. After ten CLT training visits, all 
subjects were below the 4 cm threshold (Figure 6).
The four-legged position test is based on a CLT exercise that was 
modified to simultaneously collect data on the degree of control 
of key points during the execution of the exercise [1]. The first 
author of the present study developed a simple scoring system 
in which a score between 0 and 3 is assigned for each position 
according to a set of predefined criteria (Table 2) to facilitate 
the monitoring of patient progress in daily clinical practice. The 
scoring system is introduced in the present study as a simple and 
time-effective means of measuring the level of key point control. 
The main advantage is that the scoring is integrated into the 
routinely performed exercises, which means that no additional 
time needs to be spent on the test itself.
Between the first and last visit, a statistically significant difference 
was found in the test results for the four-legged position in the 
three-support and two-support positions, indicating an improve-
ment in stability in these more difficult positions (Figure 7a). In 
the easiest position (with four supports), most subjects already 
had a high score at the beginning, which, together with the score 
of three as the highest possible score, did not leave much room 
for improvement and therefore led to a lower extent of improve-
ment that was only marginally significant (p=0.063). Never-
theless, it should be noted that at the first visit a wide range of 
scores (1-3) were measured for the four-support position, while 
at the last visit all subjects achieved the maximum possible score 
of 3. Despite the lack of formal statistical significance (or the 
consideration of significance as marginal), such a complete loss 
of data dispersion clearly indicates an improvement in key point 
control. When the extents of the improvement were statistically 
compared (Figure 7b), they were similar among all three posi-
tions. However, the greatest improvement was observed in the 
two more difficult positions compared to the easiest position (on 
four supports). This is due to the fact that in the latter position, 
the initial score was already close to the maximum possible score.
The present study is unique in that it uses the Y-balance test and 
the self-developed four-legged position test as simple and cost-
effective means to track progress in trunk stability during the 
ten-visit CLT program for healthy adults. While the use of these 

tests to evaluate the effects of CLT exercise has not been reported 
in the literature, one study used the star excursion balance test 
(SEBT), which can be considered a generalized version of the Y-
balance test based on similar movement patterns, but quantifying 
the time required to change direction instead of the length of the 
reach [25]. Although the mechanics of SEBT are similar to those 
of the Y-balance test [48], the outcome variable of SEBT (time 
to execution) used in the above study [25] cannot be directly 
compared to the outcome variable of the Y-balance test (length 
of reach) in our study, apart from noting that an improvement in 
trunk balance was demonstrated in both studies.
In general, multiple previous studies have reported an improve-
ment in trunk stability after CLT exercises [6,9,13,14,17,21,23–
25,39,46,49], but methodological heterogeneity makes a direct 
comparison of the results difficult. Exercise protocols differed 
significantly across studies, as did the variables used to moni-
tor patient performance. For example, the frequency of visits 
varied from daily [36], five times per week [18,45], three times 
per week [25,27,39,46] to twice per week [31]. The duration 
of the exercise program also varied widely, with reports of two 
weeks [25], 4-6 weeks [18,27,28,31,46,50], and 8 weeks [45]. 
Treatment duration varied between a few minutes [49], 30 
minutes [18,25,39,45] or 50 minutes [28,33]. Some programs 
included distinct warm-up, strengthening, and cool-down 
phases [7,28,33,35,36], while others additionally included a 
home exercise, e.g., community walk [31]. Some studies used 
only selected movement patterns (e.g. sprinter and skater) 
[28,31,36,39,45,49], others used only specific positions (stand-
ing and four-legged) [49], while different combinations of 
positions were also reported [21,28,31,36,39]. In some studies, 
the progression in difficulty was made by increasing the number 
of sets and subsequently the duration of the exercise [5,23,45]. 
The exercises were performed in a group [22], with elastic bands 
to increase the level of difficulty [4,21,51], with the hands-off 
approach [19,27] or as self-exercise [49]. The study designs var-
ied from case reports [8,31,52] to case series [25,28,33,36] and 
randomized clinical trials [4,18,45,51]. In general, the exercise 
programs and measurement tools in the different studies were 
selected according to the specific research questions and popula-
tions of interest, leading to extreme inter-study heterogeneity 
and making direct comparisons among different studies virtually 
impossible. Nevertheless, most of the published studies have 
shown a benefit of CLT in terms of improvement of relevant 
variables, regardless of study design and exercise program. 
Notwithstanding the possible role of publication bias in such 
pronounced positive results of a still developing technique in 
populations with different pathologies, the present study comple-
ments these reports by demonstrating the benefits of the CLT 
program in healthy adults who voluntarily attended the program 
as a substitute for their regular “fitness” routine.
The limitations of the present study are that all participants 
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were recruited from a single private physiotherapy center and 
the gender asymmetry, as 7/8 of the participants were female. 
Although the benefits of the integrated, empirically developed 
CLT program were shown to be statistically significant in the 
present study, larger studies, preferably with full factorial models, 
should follow to evaluate the effects of the individual factors of 
CLT exercises. Since it was assumed that the age of the subjects 
is a possible confounding factor leading to individually different 
responses to the CLT program, it was not possible to statistically 
evaluate its effect due to the small sample size. Finally, despite a 
significant improvement over the course of the 10 training ses-

sions, the retention of improved performance over time was not 
assessed and could be investigated in future studies.

5. Conclusions
The present study demonstrated the benefits of a ten-session 
coordinative locomotor training program for healthy adults in 
terms of significantly improved trunk stability, greater range 
of leg reach in the anterior and posterolateral directions, and 
reduced risk of injury due to instability as determined by the 
composite score of the Y-balance test.
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