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Abstract: 

Background: Knee osteoarthritis (KOA) is the most common type of arthritis, causing pain, stiffness, muscular weakness, and 
difficulty walking, all of which discourage activity and contribute to the growing obesity pandemic as a public health concern. KOA 
has a considerable effect on the alignment of the spine-pelvis-lower extremity axis. Joint alignment is the main patho-physiological 
factor that contributes to the progression of KOA. There is little literature addressing biomechanical aspects that affect osteoarthri-
tis and its progression, such as malalignment. The aim of this research was to investigate and compare the effects of land-based 
exercise (LBE) and aquatic exercise (AQE) on pain and posture in obese females with bilateral KOA. 

Methods: This randomized controlled trial involved 157 obese women with bilateral KOA, of whom 7 refused to participate 
for various reasons. Ultimately, 150 females participated and were assigned to two different groups, Group A and Group B. They 
received aquatic exercise (AQE) and land-based exercise (LBE) for eight weeks. Results were evaluated using VAS, Postural Evalu-
ation, Active Knee Extension Test (AKE), Modified Thomas Test, MMT, WOMAC, and SF-36 with statistical analysis using SPSS 
software. 

Results: The results demonstrated a statistically significant benefit of the aquatic exercise program compared to the land-
based exercise program for obese females with bilateral KOA. Pain was significantly reduced (p<0.0001), whereas, posture, 
MMT, hip and knee flexibility, WOMAC, and quality of life were all improved (p<0.0001). 

Conclusion: The effect of aquatic exercise on pain and posture among obese females with bilateral KOA was found to be 
significant for reducing pain and improving posture, range of motion, muscle strength, and quality of life.

Introduction

Globally, lifespan has increased over time, but the rising burden of chronic illnesses suggests that a huge portion of 
society is living longer but in poorer health. This scenario is likely for those suffering from osteoarthritis, which is one 
of the primary causes of persistent pain and impaired mobility worldwide [1].Osteoarthritis can affect any region of the 
body, including the hands, hips, knees, and cervical and lumbar spines [2]. The most frequent weight-bearing joint to be 
affected by osteoarthritis (OA), the most common type of arthritis and the primary source of disability in older persons, 
is the knee [3]. Over the last ten years, the prevalence of knee osteoarthritis (KOA), recognized as the tenth contribu-
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tor to years spent with a disability globally, has more than doubled [4]. With a frequency that ranges from 22 to 39%, 
osteoarthritis is the most frequent joint condition and the second most common rheumatologic issue in India [5]. Age 
and weight correlate and increase the occurrence of KOA, with females being more affected than males [6]. 

Knee osteoarthritis (KOA) is a chronic inflammatory degenerative disease that affects the articular cartilage. The 
changes in the articular cartilage include increased water content, loss of proteoglycans, and breakdown of the col-
lagen matrix. As the condition worsens, the synovium thickens, the subchondral bone alters, the cartilage fibrillates, 
and osteophytes form [7-11]. Although pain is the primary symptom of osteoarthritis, other symptoms include joint 
stiffness, increased joint discomfort, instability, and weakness. These symptoms can lead to functional limitations 
in day-to-day activities, difficulties completing tasks, reduced quality of life, systemic inflammation, and, ultimately, 
obesity [12-16]. Furthermore, persons who are obese find it more difficult and take longer to complete physical ac-
tivities including walking, getting out of a chair, ascending stairs, and timed up-and-go tasks [17]. The World Health 
Organization (WHO) defines obesity as a body mass index (BMI) of more than 30 kg/m² that may harm a person’s 
health. Overweight is characterized by having a BMI between 25 and 30 kg/m². Systemic contributory factors com-
prise age, gender, genetic predisposition, comorbidities, and obesity, whereas local mechanical risk variables include 
prior injuries, physical activity, occupational dangers, muscular weakness, and the amount to which body segments 
are aligned or misaligned [18,19]. 

Obesity is a major risk factor for knee osteoarthritis (KOA). According to a 2010 analysis by the International 
Association for the Study of Obesity (IASO) and International Obesity Taskforce (IOTF), 475 million adults globally 
are obese and 1.0 billion adults are overweight. Inflammatory markers such as TNF-α and leptin, which are primarily 
released by adipose tissue, can trigger the generation of IL-6 and C-reactive protein (CRP) and are found in higher 
amounts in obese individuals [20-22]. Adiponectin is an adipokine that is found in higher concentrations in individuals 
with osteoarthritis (OA), particularly obese women [23]. Inflammation of the hypothalamus and consequent central 
resistance to leptin are hallmarks of the pathophysiology of obesity. Substantial levels of leptin lead to a decrease in 
food consumption and an increase in energy expenditure. Furthermore, leptin stimulates the production of TNF-β, 
which is a stimulator of osteophyte formation. Since it can impair muscle function and reduce a person’s pain 
threshold, the ensuing low-grade inflammation has a pathophysiological role in OA. It may also result in degenerative 
cartilage alterations and disrupt chondrocyte homeostasis [24-27]. OA is a chronic and persistent illness that not only 
lowers a person’s quality of life (QOL) but also depletes financial resources and medical resources. The prevalence 
of OA is rising due to a confluence of factors including aging, rising rates of obesity in the world’s population, and an 
increase in joint traumas [28].

Obesity can cause numerous pathological alterations to the structure of the whole knee joint, including improper 
joint loading, joint malalignment, and muscle weakening. The abnormal loading observed in obese individuals is mostly 
caused by joint malalignment and muscular weakness, which interact dynamically and therefore have a dampening ef-
fect on each other [29]. Muscle weakness in obese people leads to joint impairment, which incorporates joint misalign-
ment. The interaction of these three mechanical variables influences joint structure, facilitating the start and development 
of obesity-related OA. Obesity and KOA together produce a vicious circle of discomfort, diminished function, and the 
advancement of the illness. The reduction of KOA symptoms is necessary to break this cycle. Thus, it is imperative to 
investigate strategies for impeding the disease’s progression. The focus of current KOA treatment is on non-pharmaco-
logical interventions, such as physical therapy, therapeutic exercise, and weight loss [17,30].  Exercise is an excellent 
choice among these treatments because it is low-cost, easy to practice, and unlikely to have negative side effects [31].

Individuals who are classified as obese and have knee osteoarthritis may find it more challenging to exercise, as 
their arthritic symptoms may worsen with weight-bearing or rising loads, and their exercise compliance may be relatively 
low. According to the literature, exercise programs for KOA should be comprehensive and incorporate patient educa-
tion, lower limb strengthening, cardiovascular training, gait training, flexibility, stability, and posture training, in addition 
to weight loss and psychosocial support. One of the primary non-pharmacological therapies recommended by the 
Osteoarthritis Research Society International (OARSI), the American College of Rheumatology (ACR) for managing the 
symptoms and preventing or delaying the onset of KOA in obese patients is aquatic exercise [13,32-36]. Aquatic exer-
cise not only allows the patient to immerse in water and weigh up to 90% less than on land but it can also be a beneficial 
treatment for obese persons who struggle with weight-bearing when undertaking physical activity on land [37]. The 
water’s natural resistance and buoyancy support the body’s weight, thus minimizing the effects on bones, joints, and 
muscles, and facilitating movement. They also provide a comfortable training surface and may reduce pain by activating 
thermal receptors and mechanoreceptors. Warm water and its pressure also help to relieve stress, relax muscles, and 
lessen muscle stiffness. Moreover, the drag forces of the water may lessen mechanical loads on spinal joints, while the 
water’s temperature and the hydraulic pressure may improve blood circulation [30,38-42].
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Research on the beneficial effects of aquatic exercise for patients with chronic degenerative joint disease and obe-
sity has been conducted so far. A multipurpose program is necessary for these patients, as opposed to an ordinary 
regimen that focuses on exercise duration and intensity, to help maintain or enhance joint function, offer stretching 
exercises with an advantageous impact on the muscles of the spine with KOA, reduce the risks related to stretching 
exercises on land, and enhance the impact of these exercises on the posture and pain of individuals with KOA when 
they are transferred to an aquatic environment [41,43]. Few studies have examined the effects of aquatic exercise on 
functional abilities, obesity, posture, and overall quality of life in this group. A pilot study was conducted to design an 
aquatic exercise program to relieve pain and enhance posture of obese females with KOA, and to examine the efficacy 
of aquatic exercise and land-based exercise on pain and posture.

Materials and Methods

Study design

The study was carried out at Krishna College of Physiotherapy, Krishna Vishwa Vidyapeeth, KIMSDU in Karad, Ma-
harashtra, over eight weeks. The experiment was a single-blinded and randomized controlled trial. Both aquatic and 
land-based training were experimental arms of this 4-month randomized controlled trial (RCT) examining obese 
women with osteoarthritis in their knees. Women who met the criteria for Kellgren Lawrence radiographic disease 
severity scale I and II and had obesity and were classified as Grade I (30–34.9 kg/m2) were among the 45–55-year-
old obese individuals. The CONSORT guidelines for conducting and disclosing randomized controlled trials were met 
in the study and its reporting. The study procedure complies with the Declaration of Helsinki and was approved by the 
Krishna Vishwa Vidyapeeth, KIMSDU, Karad Institutional Ethics Clearance Committee (Protocol No.: 579/2022/2023). 
Prior to enrollment, all individuals provided written informed consent.

Subject recruitment

A multiphase recruiting procedure was set in practice. This study enrolled 157 obese females with knee osteoarthritis 
(KOA). Out of 157 females, 2 refused to participate due to personal issues, 3 rejected due to scheduling constraints, 
and 2 declined due to reluctance to visit the clinic. Finally, 150 obese females decided to take part in this research. 
The participants were verified using the inclusion and exclusion criteria. The selection criteria were obese females 
aged 45 to 55 years, with Grade I obesity (30-34.9 kg/m²) and meeting the Kellgren Lawrence radiographic disease 
severity scale I and II criteria. Meanwhile, the exclusion criteria were a history of surgery, skin illness, open wounds, 
water phobia, unstable medical conditions, or having undergone hip/ knee replacement surgery, participants who had 
had knee surgery within the six months prior to the study, participants who had undergone any knee injection within 
the previous three months, and participants who were unable to safely enter or exit the pool. 

Randomization and blinding

In this study, participants were randomly assigned to one of two groups using a computer-generated random number 
generator. Each participant received a sealed envelope containing a group identification number (1 = land-based 
exercise, 2 = hydrotherapy). The patient opened the sealed envelope when they were examined and included in the 
study. The group assignment was concealed from the assessors who measured the patient’s variables. The study in-
volved three steps: (1) measurements taken before the intervention, (2) the experimental group undergoing an 8-week 
aquatic exercise program, while the control group undergoing a land-based exercise program, and (3) measurements 
after the intervention.

Study intervention

Both groups received hot moist pack electrotherapy for 10-15 minutes, interferential therapy (4VP) for 15 minutes, 
and ultrasonic therapy (0.8-1.2W/cm²) for 7 minutes. After that, the two groups followed different protocols. Group 
A, which was the experimental group or aquatic training group, underwent an 8-week aquatic exercise program, while 
Group B, which was the conventional group, engaged in land-based exercise (LBE) (Table 1). 

Group A: aquatic exercise training group (AE)

The aquatic exercise program was conducted at the Outpatient Physiotherapy Department of Krishna Hospital in 
Karad. The program lasted for eight weeks and included three sessions per week. Each session consisted of a 5-min-
ute warm-up, 45-50 minutes of main aquatic exercise, and a 5-minute cool-down. The intensity and frequency of 
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the exercise were adjusted to the participants’ abilities, such as their self-selected walking pace and self-selected 
repetition rate (rpm), and were progressively increased over a period of two weeks. The intensity of conditioning was 
considered to be 13-17 Borg scale (60-70%) of their maximal heart rate. The height of the aquatic treatment pool was 
modified to ensure that every part of the leg was immersed throughout the activity. Participants were usually under 
the supervision of an aquatic exercise therapist and in warm water (36°C) at a level that reached the medium sternum 
(1.2 m). Furthermore, two competent physiotherapists who had received training to educate this program led small 
groups of 5-6 individuals through the intervention. Attendance was recorded. The exercise instructors employed 
behavioral techniques to support social interaction amongst participants, encourage frequent contact throughout all 
phases of the intervention, establish specific behavioral goals, provide opportunities for feedback on accomplish-
ments, and assist participants in self-monitoring their pain and exercise intensity in order to finish the activity. Table 
1 provides a full description of the AE program (Table 1).

Group B: land-based exercise (LBE) group

The same treatment protocol as for Group A was administered by the physiotherapist at the gym adjacent to the 
aquatic pool where the AQE program was conducted. Participants were assigned to an 8-week program, with each 
session lasting 40-50 minutes, including 5 minutes of warm-up and 5 minutes of cool-down (Table 1).  

Table1. Exercise Protocol [17,30,41,44-46]

 Type of exercise Exercises Distance/ Repetitions/ Hold × Sets

W1 W2 W3 W4 W5 W6 W7 W8

Warm-up 
(5 minutes)

Forward, backward, and 
side walking with the use 
of buoyancy and then with 
a dumbbell (meters)

16×2 20 × 2 16 × 3 20 × 3 16 × 4 20 × 4 16 × 4 16 × 5 

Flexibility 
exercises 

(10 minutes)

Stretching and flexibility 
exercises of pectorals, 
peroneals, paraspinals, 
spinal erectors, quadriceps, 
hamstrings, gastrosoleus, and 
plantar fascia. 

10×3 10×5 15×3 10×5 20×3 20×5 30×3 30×5

Upper and lower 
body training 
(10 minutes)

Exercises for arms, elbows, 
wrists, hands, and fingers. 

10×2 10×4 10×6 10×8 12×10 13×8 13×10 13×12

Leg lift, small squats, Side to 
Side weight shift, Front Lunge 
Weight shift, Ankle circles, Toe 
curls, Inversion-Eversion.

Aerobic and 
Endurance 

training 
(10 minutes)

Straight leg kick (front, corner, 
across, side and back)

8 × 2 8 × 2 10 × 2 8 × 3 10 × 3 8 × 3 10 × 3 10 × 3

Heel Jacks, Rocking Horse, 
Elbow to Knee, Jump Jack, 
Cossack Shuffle and Four 
Square Waltz Step

Strength training 
(10 minutes)

Hip flexion-extension, hip 
abduction-adduction, knee 
flexion-extension, double leg 
squat (resistance used was 
water, ankle weights)

10 × 3 10 × 4 10 × 5 10 × 6 10 × 7 10 × 7 12 × 3 12 × 3

Balance and 
proprioception 

training 
(10 minutes)

Marching on the spot 10 × 3 10 × 4 10 × 5 10 × 6 10 × 7 10 × 7 12 × 3 12 × 3

Gait training in anterior-
posterior, lateral-lateral, and 
diagonal (meters)

16×2 20 × 2 16 × 3 20 × 3 16 × 4 20 × 4 16 × 4 16 × 5 

Knee chest, cross-country ski 10 × 3 10 × 4 10 × 5 10 × 6 10 × 7 10 × 7 12 × 3 12 × 3

Walking in figure 8 holding 
a noodle, without the noodle, 
and then with eyes closed

16×2 20 × 2 16 × 3 20 × 3 16 × 4 20 × 4 16 × 4 16 × 5 
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Outcome Measurements

Visual Analogue Scale
It is a tool for measuring a quality that is believed to comprise a range of values and is difficult to assess directly. 

VAS is a single-dimensional method of measuring pain that has already been widely applied to adults. The validity of 
VAS was examined by intraclass correlation score, which was 0.97 (95% CI = 0.96 to 0.98) [47].

Western Ontario and McMaster’s Universities Osteoarthritis Index (WOMAC)
The WOMAC is a disease-specific self-assessment for individuals with knee and hip OA that consists of 24 items 

divided into three dimensions: pain, function, and stiffness. It can be used to examine people with OA treated conser-
vatively. Its inter-rater and intra-rater reliability are 0.91 and 0.81, respectively, with acceptable ICC. Pain, stiffness, 
and function have ICC values of 0.74, 0.58, and 0.92, respectively [48,49]  

Manual muscle testing (MMT)
MMT is the most often used method for measuring muscle strength deficits. With the application of force to the 

subject’s resistance, the examiner assesses the muscle groups being tested as subjectively ‘weak’ or ‘strong’ on 
a five-point scale. The levels of agreement attained were high, ranging from 82% to 97% for inter-examiner reliability 
and from 96% to 98% for test-retest reliability [50].

Active knee extension test (AKET)
It is used to determine the length of the hamstring muscle with the hip flexed 90 degrees using goniometry. It is 

recognized as the most reliable method for measurements of hamstring flexibility because it depends on a database 
of currently known knowledge. The patient was positioned supine, lying with 90 degrees of hip and knee flexion. The 
test was conducted on both the right and then the left extremities. For the location of the fulcrum of the universal 
goniometer, the lateral femoral condyle was recorded. The patient was then instructed to bend the knee until a slight 
stretch could be felt in the back of the leg. The average of three successive measurements was used as the final value 
for the popliteal angle as the AKET outcome measure. For determining hamstring tightness, these cut-off values vary 
for each gender. The active knee extension angle for men should be less than 33.0, whereas the angle for women 
should be less than 23.4 [51,52].

Modified Thomas test
This test was used to examine the hip joint flexibility by proper placement and to reveal the tightness of the hip 

flexors. Two participants were asked to sit at the edge of the testing sofa after being informed about the procedure, 
and they were requested to roll back onto it while pulling both knees to their chests. This was ensured with the pelvis 
oriented posteriorly and the lumbar spine in the proper position on the testing couch. The participant then brought 
one limb to the ground while maintaining maximum hip flexion with their arms on the other side. Two angles were 
measured on each side using a goniometer. The first angle was the hip flexion angle. The second one was the knee 
flexion angle. The stationary arm of the goniometer was aligned with the horizontal plane. Readings obtained using 
this procedure were obtained and documented. Test-retest reliability for this modified Thomas test ranges from 0.91 
to 0.94 [53,54]. 

Quality of life 
The Short Form 36 (SF-36) was used to assess health-related quality of life. The eight domains of the SF-36 

include functional ability, physical aspects, pain, general state of health, vitality, social aspects, emotional aspects, 
and mental health. It is a widely used generic instrument for assessing health status. Every questionnaire item is as-
signed a score between 0 and 100, where 0 represents the worst overall health and 100 represents the best health.

Balance on one leg with eyes 
open and then with eyes closed 
(hold, seconds)

4 × 2 4 × 2 5 × 2 5 × 2 4 × 3 4 × 3 5 × 3 5 × 3

Cool down 
(5 minutes)

Lying down on a pool corner 
and slowly cycling with legs in 
the water.

–
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Posture
Posture was assessed by the observation method. A vertical plumb line was suspended over the center of the 

body and any asymmetrical variations were checked that might be a sign of poor posture. The patient wore as mini-
mal clothing as possible to allow the examiner to clearly see the anatomical landmarks and bony prominences from 
the front (anteroposterior view), back (posteroanterior view), and side (lateral view). The patient was instructed to 
stand straight and face forward [55]

Statistical Analysis

SPSS statistical software (version 23.0) was used for all statistical analyses, including calculating the mean and 
standard deviation of pain, ROM, manual muscle testing, WOMAC, active knee extension, and the Thomas test. The 
paired t-test was employed to analyze the pre- and post-intervention data within the group. The unpaired t-test was 
employed to compare the groups prior to and following intervention. In the intent-to-treat (ITT) analysis, subjects who 
dropped out during the interventions were included. The final observation was performed using the last observation 
carried forward method to assess outcome measurements in the ITT population. The outcome measures were evalu-
ated at the commencement of the study and eight weeks later.

Results

The 157 females who undertook the initial evaluation were divided randomly into two groups: 77 were assigned to 
the AE group and 80 to the LBE group. Two participants dropped out of the AE group due to a lack of willingness to 
visit the clinic and one participant due to schedule constraints. Four participants from the LBE group dropped out 
owing to personal reasons. Finally, 75 participants from each of the AQE and LBE groups completed the interventions 
and follow-up examinations. Based on the statistical analysis, the aquatic exercise program had a substantial positive 
effect on knee osteoarthritis (KOA) in obese females. The average values of age, body height, body weight, and BMI 
were compared. The mean ages for groups A and B were 52.09±2.472 and 50.76±2.832, respectively, whereas the 
mean BMI was 32.10±1.208 and 31.66±0.9124, respectively (Table 2).

Table 2. Demographic details

 Variables/Group Experimental Group Control Group

Age (years) 52.09±2.472 50.76±2.832

Height (cm) 155.82±5.626 157.14±5.221

Weight (kg) 77.88±3.452 77.00±3.731

Body Mass Index (kg/m2) 32.10±1.208 31.66±0.9124

The mean values of the WOMAC and VAS for patients with KOA within and between the groups were compared 
and showed a significant difference with p < 0.0001. The post-test mean values are presented in Table 3, with 
p-value between the groups at <0.0001. 

Table 3. Comparison of mean scores of VAS and WOMAC within and between the groups

 WOMAC Pre test Post test p-value t-value

Group A 68.64±1.035 50.2±0.8054 <0.0001 118.46

Group B 66.01±0.762 61.62±0.8970 <0.0001 30.636

Interference 17.697 82.086

Visual Analogue Scale

Group A

At rest 4.82±0.76 2.16±0.65 <0.0001 22.991

On activity 6.26±0.60 3.04±0.72 <0.0001 46.136
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The mean values of MMT scores within the groups were compared and group A had p<0.0001 for hip flexors 
and extensors, knee flexors and extensors, and ankle plantar flexors and dorsiflexors, for both right and left side. The 
post-test mean values between the groups of MMT for all the muscles had p<0.0001 except for right and left knee 
extensors, with p=0.0036 and 0.0030, respectively (Table 4).

Group B

At rest 4.56±0.8094 2.68±0.5964 <0.0001 25.605

On activity 6.90±0.8411 3.54±0.5994 <0.0001 47.925

Table 4. Comparison of mean scores of Manual Muscle Testing within and between the groups

 MMT Pre test Post test p-value t-value

Right hip flexors

Group A 3.10±0.48 4.08±0.6098 <0.0001 10.938

Group B 3.04±0.4172 3.26±0.4452 0.0025 3.128

Interference 0.9064 9.329

Left hip flexors 

Group A 3.05±0.4619 4.02±0.6773 <0.0001 9.872

Group B 3.17±0.3811 3.4±0.5199 0.0025 3.128

Interference 1.736 6.356

Right hip extensors 

Group A 3.18±0.45 4.04±0.5560 <0.0001 10.130

Group B 3.02±0.56 3.34±0.50 0.0006 2.973

Interference 1.901 7.983

Left hip extensors 

Group A 3.09±0.4979 4.06±0.5022 <0.0001 12.445

Group B 3.05±0.5670 3.8±0.5452 <0.0001 7.421

Interference 0.4591 3.115

Right knee Flexors

Group A 3.16±0.4943 4.2±0.5452 <0.0001 11.316

Group B 3.10±0.5087 3.70±0.5139 <0.0001 8.447

Interference 0.6512 5.702

Left knee flexors

Group A 3.09±0.4403 4.10±0.6057 <0.0001 12.090

Group B 3.02±0.4925 3.29±0.4584 0.0012 3.374

Interference 0.8740 9.273

Right knee extensors

Group A 3.06±0.5022 4.17±0.5544 <0.0001 12.853

Group B 3±0.4650 3.88±0.6568 <0.0001 9.674

Interference 0.8435 2.956

Left knee extensors

Group A 3.10±0.3881 4.13±0.4746 <0.0001 13.977

Group B 3.04±0.5051 3.86±0.6003 <0.0001 9.207

Interference 0.9064 3.018
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The mean AKE score values within the group for these patients revealed that Group B for the right and left sides, 
had p-values of 0.0376 and 0.0004, respectively, whereas Group A had a p-value of 0.0001. The post-test mean 
values between AKE groups were p<0.0001. When the mean values of the Thomas test score were compared within 
the group for these patients, Group B had p-values of 0.0011 and 0.0013 for right hip flexion and left knee flexion, 
respectively, whereas Group A had p<0.0001 for left hip flexion and right knee flexion, and p<0.0001 for all move-
ments. The post-test mean values of the Thomas groups were p<0.0001 (Table 5). 

Right ankle plantar flexion

Group A 3.04±0.4484 4.2±0.5927 <0.0001 13.650

Group B 3.01±0.4189 3.24±0.4603 0.0025 3.128

Interference 0.3763 11.078

Left ankle plantar flexion

Group A 3.04±0.4316 4.09±0.5244 <0.0001 13.119

Group B 3.02±0.4341 3.72±0.6485 <0.0001 7.309

Interference 0.3772 3.877

Right dorsiflexion

Group A 3.08±0.3587 4.12±0.5685 <0.0001 13.512

Group B 3.02±0.4642 3.66±0.6224 <0.0001 8.027

Interference 0.7873 4.657

Left dorsiflexion

Group A 3.05±0.3991 4.13±0.5534 <0.0001 13.135

Group B 3.02±0.4341 3.26±0.4452 0.0011 3.398

Interference 0.3916 10.567

Table 5. Comparison of mean scores of Active knee extension and Thomas test within and between the groups

 Active Knee Extension 
(AKE)(degrees)

Pre test Post test p-value t-value

Right

Group A 34.72±1.68 51.05±0.9986 <0.0001 78.459

Group B 36.024±5.46 37.36±0.8643 0.0376 2.117

Inference 1.971 89.794

Left 

Group A 35.256±2.013 50.01±0.8563 <0.0001 62.361

Group B D35.07±1.309 35.73±0.6844 0.0004 3.747

Inference 0.6444 112.81

Thomas test (degrees)

Right hip flexion

Group A 107.90±1.117 112.06±0.9492 <0.0001 25.642

Group B 105.37±0.6529 105.74±0.8557 0.0011 3.384

Inference 16.956 38.519

Left hip flexion

Group A 103.37±0.7671 109.37±0.6733 <0.0001 46.602

Group B 105.65±0.6876 107.01±0.5325 <0.0001 13.159

Inference 19.167 23.808
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The mean values of the SF-36 for patients with KOA within and between the groups were compared and showed 
a significant difference at p< 0.0001. The p-value between the groups was p< 0.0001 (Table 6).

Right knee flexion

Group A 110.96±0.9070 116.61±0.7515 <0.0001 38.290

Group B 108.38±0.7333 110±0.7166 <0.0001 14.818

Inference 19.107 55.157

Left knee flexion

Group A 105.12±0.7345 113.33±0.8436 <0.0001 64.289

Group B 104.82±0.8116 105.30±1.052 0.0013 3.339

Inference 2.321 51.539

Table 6. Comparison of mean scores of Short form-36 (SF-36) within and between the groups

 SF-36 dimensions Pre test Post test p-value t-value

Functional capacity

Group A 53.8±0.56 67.32±0.46 <0.0001 147.36

Group B 56.62±0.65 62.46±0.50 <0.0001 54.35

Interference <0.0001 <0.0001

Physical aspects

Group A 62.44±0.72 73.29±0.69 <0.0001 87.50

Group B 60.8±1.16 68.02±1.02 <0.0001 49.32

Interference <0.0001 <0.0001

Pain 

Group A 52.98±0.64 67.76±0.43 <0.0001 132.35

Group B 55.65±0.72 62.98±0.64 <0.0001 76.75

Interference <0.0001 <0.0001

General state of health 

Group A 69.77±0.78 78.6±0.47 <0.0001 108.71

Group B 68.48±0.77 74.26±0.77 <0.0001 35.60

Interference <0.0001 <0.0001

Vitality 

Group A 70.46±1.03 80.89±0.55 <0.0001 80.83

Group B 71.26±0.68 78.13±0.79 <0.0001 49.07

Interference <0.0001 <0.0001

Social aspects 

Group A 78.82±0.94 88.37±0.48 <0.0001 114.49

Group B 80.08±0.86 84.88±0.77 <0.0001 52.72

Interference <0.0001 <0.0001

Emotional aspects

Group A 77.7±0.80 83.16±0.77 <0.0001 49.05

Group B 74.64±0.69 79.74±0.77 <0.0001 91.87

Interference <0.0001 <0.0001
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Posture was assessed before and after the intervention, and percentages were calculated and compared within 
each group for anterior, posterior, and lateral perspectives. In all three views, Group A showed a 33.3% increase in 
thoracic kyphosis, scoliosis, anterior spinal inclination angle, and knee flexion, a decrease in lumbar lordosis, poste-
rior pelvic tilt, knee varus, ankle everted, and foot pronated, and approximately 66.6% of participants had no postural 
deviations. Group B showed a 25.33% increase in these postural deviations and approximately 74.66% of participants 
had no postural deviation. The post-test measurements of Group A revealed 6.66% of participants with postural 
deviations, whereas approximately 93.3% had no postural deviations. Group B showed 12% with and approximately 
84% without postural abnormalities.

Discussion

This study was conducted to examine the effect of aquatic exercises on pain and posture among obese females 
with knee osteoarthritis (KOA). It was conducted in women aged 45 to 55 years with bilateral KOA, with Grade I 
obesity (30-34.9 kg/m2) and meeting the Kellgren Lawrence radiographic disease severity scale I and II criteria. 
Osteoarthritis commonly affects middle-aged to elderly populations. 150 females were enrolled in the study and 
were divided into two groups randomly using simple random sampling. The pre-evaluation of pain threshold, 
muscle strength, muscle length, Thomas test, postural assessment, and WOMAC scale was then performed. 
Group A consisted of 75 obese KOA females who participated in an 8-week aquatic fitness program, while Group 
B participated in a land-based exercise (LBE) program. Following that, the effectiveness of both groups was com-
pared. The aim of this research was to investigate the effect of an aquatic exercise program on pain and posture 
in obese females with KOA.

According to Weng J et al., osteoarthritic knee deformity results in a different gait and weak hip muscles [56]. 
Because of this, people with KOA suffer maladaptive kinematic stresses and loads while standing and walking, which 
results in morphological changes to the lower extremities and the trunk in the sagittal, frontal, and transverse planes 
[56]. A study showed a connection between overall spinal variables and the prevalence of radiographic KOA in aged 
patients [57]. Numerous studies have shown how posture in the lower body and the spine influences OA of the knee 
joint. However, there is no study showing how effective posture correction is for treating obese females with KOA, and 
hence this study was conducted. This study found that at the end of week 8, Group A experienced significantly less 
discomfort, improved strength, range of motion, flexibility, and corrected posture than Group B.

According to Matsumura et al., several studies have investigated truncal alterations in KOA [58]. Individuals with 
KOA had a posterior pelvic tilt, knee flexion and varus, and pronated feet [58]. Riegger-Krugh et al. showed that adap-
tive foot pronation can emerge from genu varum malalignment to achieve a plantigrade foot position during weight 
bearing [59]. Additionally, the consequences of increased scoliosis may be due to the varus-valgus deformity of KOA 
that causes compensatory mechanisms [60]. Similar findings were seen in our study; group A participants exhibited 
similar postural abnormalities in about 33.3% of cases, compared to group B participants in about 25.33% of cases. 
Pain, reduced functionality, and a general decline in QOL are just a few of the problems that this trend can cause [61]. 
To improve mobility and prevent KOA from developing, it is critical to address these concerns right away and to put 
the proper intervention methods into place.

Exercise serves as one of the therapeutic approaches that aids in reducing the harmful effects of aging on the 
musculoskeletal system while promoting weight management, enhancing quality of life, correcting posture, reduc-
ing pain, and increasing functional capacity. Lehnert-Schroth created an exercise regimen for patients with scoliosis 
focused on isometric tension exercises and stretching activities [62]. The program aimed to correct muscle tension 
and improve patient perceptibility. It involved training previously inactive muscles and re-educating the patient into 
an upright posture. The exercise effectively targeted the weakened and stretched muscles on the “thick” side and 
the tightened muscles on the constricted side, restoring their natural muscle tone and readiness for function [62]. 
Through a series of workouts, Moon et al. addressed the muscle imbalance brought on by genu varum [63]. These 
exercises, according to their theories, improved static stability and strength in the pelvis and lower extremities, al-

Mental health

Group A 75.85±0.71 81.8±0.40 <0.0001 51.44

Group B 76.18±0.72 75.92±0.65 <0.0001 35.29

Interference <0.0001 <0.0001
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leviated muscle imbalances possibly by strengthening the quadriceps femoris and rectus femoris, two key muscles 
in the lower extremities, and significantly decreased knee pain during movements by integrating the dynamic stress 
within the knee joint [63].

A systematic study “Effectiveness of Exercises in individuals with Overweight or Obesity Suffering from KOA” was 
conducted in 2022, with 64 articles included [64]. According to this study, quality of life (QOL) can be improved with 
exercise therapies. The present research found that interventions involving physical activity are helpful in enhancing 
QOL in overweight or obese KOA patients, thus lowering pain and improving physical function. However, for the obese 
population, land-based exercise might exacerbate joint contact stress and pain [64]. In a research study conducted 
in 2022, Abadi et al. compared the effects of aquatic and theraband workouts on pain intensity and endurance in 
obese persons with KOA [44]. The 45 obese individuals in this study were randomly assigned to one of three groups: 
the control group, the aquatic exercise group, or the theraband exercise group. According to this study, progressive 
aquatic and theraband exercises are further recommendations to reduce pain intensity, and aquatic exercise may be 
more beneficial to recovering endurance in obese patients with KOA [44]. Lim et al. conducted a study with the goal 
of designing an aquatic exercise (AQE) and land-based exercise (LBE) program to improve knee function and reduce 
body fat in obese and KOA patients, as well as investigating the impact of these exercise programs on body fat and 
functional status. This study concluded that AQE had an advantage in minimizing pain-related interference with activ-
ity. AQE may be an effective strategy for obese patients who have difficulty with KOA physical activities [41].

Water exercise seems to increase the strength of the muscles around the knee, such as the quadriceps and ham-
strings, with gentle resistance while reducing the compression force and load of the joint thanks to the special prop-
erties of water, including turbulence, viscosity, hydrostatic pressure, and buoyancy. In this manner, when a person 
dives deeper into the water, less weight-bearing pressure is exerted on their joints and intervertebral discs, resulting 
in more stable joints. Compared to land-based exercise, water-based exercise produces a more attractive and enjoy-
able environment for obese persons to exercise [17,65]. Previous research demonstrated that four to eight weeks of 
warm pool water (34 °C) treatment can help with pain relief, edema reduction, ease of mobility, muscle relaxation, 
joint protection, and releasing tight muscles [44]. Similarly, in our study, an aquatic exercise program was found to 
be effective for pain relief, muscle relaxation, improving range of motion, facilitating changes in muscle tension for 
correction, activating previously inactive muscles, and continuously training them to reeducate the deviated posture 
into a corrected upright posture.

A new study of individuals with ankylosing spondylitis (AS) compared the impact of water stretching exercises 
and pilates on pain, function, spine posture, and quality of life (QOL) in AS patients. Forty patients were randomly 
assigned to three groups: aqua stretch, aqua pilates, and control. This study concluded that aqua stretch and aqua 
pilates had the same effect on improving pain, function, QOL, and spinal range of motion (ROM) [43].

In 2021, a study titled “Postural impairments in primiparae women after one year after delivery” was conducted, 
involving 100 primiparae women ranging in age from 20 to 30 years [66]. Postural evaluation, a muscle length 
and strength test, and outcome measurements were performed. According to the findings of this study, primiparae 
women are more inclined to have postural abnormalities, muscle stiffness, and muscle weakness [66]. Similar find-
ings were observed in the current investigation, which showed that KOA patients have a significant amount of pos-
tural impairment. Furthermore, the active knee extension test revealed significant tightness in the hamstrings and hip 
flexors along with weakness in the abdominal and gluteal muscles. Thus, the present research indicated that a water 
exercise program had a clinically favorable effect on pain, strength, range of motion, and posture correction in obese 
females with KOA. In Group A, the experimental group, the results for pain, range of motion, strength, and posture 
correction were determined to be statistically significant. As a result, this study accepts the alternative hypothesis, 
according to which an aquatic exercise program has a significant impact on pain and posture correction in obese 
females with knee osteoarthritis.

The aquatic training protocol is simple and convenient to learn and requires only minimal equipment, which fa-
cilitates learning and adherence to the training program, and this is a major strength of our study. Rigorous training 
and full attention to the patients during the therapy session are two other factors that increased the credibility of our 
results by ensuring research quality. 

Limitations of study

The first limitation was the very small number of participants. Second, the age range was narrowed. Future studies 
should be conducted with a bigger sample size and more significant results, such as gait analysis for obese people.
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Conclusion 

Based on the study results, it was determined that aquatic and land-based treatments had equivalent effects on pain 
and self-assessed knee stiffness (WOMAC). However, compared to land-based exercises, aquatic exercise sessions 
had a greater impact on knee stiffness, lower limb muscle strength, and range of motion compared to land-based 
activities. As a result, the findings of this study suggest that an eight-week aquatic exercise program can be more 
beneficial, at a statistically significant level, in reducing pain, range of motion, muscle strength, and posture, and im-
proving other sub-domains of quality of life such as symptoms, ADL, and knee-related quality of life in obese people 
suffering from KOA. Furthermore, the physical features of water allow the obese females to work out effectively and 
safely in water-based settings. Therefore, aquatic exercise programs can be recommended for obese females as 
a feasible approach for KOA patients to recover.

Institutional Review Board Statement
The study was accepted by the institutional ethical committee of Krishna Vishwa Vidyapeeth, KIMSDU (Protocol 
No.: 579/2022/2023) in Karad, Maharashtra. The Helsinki Declaration of 1964 and its subsequent amendments, as 
well as the ethical requirements of the relevant organizational and national research committees, were followed in all 
procedures carried out in studies involving human participants.

Conflicts of interest: The author declares no conflict of interest.

Funding: The Krishna Vishwa Vidyapeeth, Krishna Institute of Medical Sciences Deemed to be University, Karad, 
Maharashtra, supported this research.

Institutional Review Board Statement: The study was accepted by the institutional ethical committee of Krishna 
Vishwa Vidyapeeth, KIMSDU (Protocol No.: 579/2022/2023) in Karad, Maharashtra. The Helsinki Declaration of 
1964 and its subsequent amendments, as well as the ethical requirements of the relevant organizational and national 
research committees, were followed in all procedures carried out in studies involving human participants.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data availability statement: The data presented in this study are available on request from the corresponding 
author.

References: 

[1]  Dantas LO, Salvini TF, McAlindon TE. Knee osteoarthritis: key treatments and implications for physical therapy. Braz J Phys 
Ther. 2021 Mar-Apr;25(2):135-146. doi: 10.1016/j.bjpt.2020.08.004.

[2]  Alrushud AS, Rushton AB, Kanavaki AM, Greig CA. Effect of physical activity and dietary restriction interventions on weight 
loss and the musculoskeletal function of overweight and obese older adults with knee osteoarthritis: a systematic review and 
mixed method data synthesis. BMJ Open. 2017 Jun 8;7(6):e014537. doi: 10.1136/bmjopen-2016-014537.

[3]  Hunter DJ, Schofield D, Callander E. The individual and socioeconomic impact of osteoarthritis. Nat Rev Rheumatol. 2014 
Jul;10(7):437-41. doi: 10.1038/nrrheum.2014.44.

[4]  Dantas LO, Salvini TF, McAlindon TE. Knee osteoarthritis: key treatments and implications for physical therapy. Braz J Phys 
Ther. 2021 Mar-Apr;25(2):135-146. doi: 10.1016/j.bjpt.2020.08.004.

[5]  Bhore P, Shinde S. Effect of multi-component exercises program on pain-related gait adaptations among individuals with 
osteoarthritis of the knee joint. J Educ Health Promot. 2023 Apr 28;12:138. doi: 10.4103/jehp.jehp_1628_22.

[6]  Masiero S, Vittadini F, Ferroni C, Bosco A, Serra R, Frigo AC, et al. The role of thermal balneotherapy in the treatment of obese 
patient with knee osteoarthritis. Int J Biometeorol. 2018 Feb;62(2):243-252. doi: 10.1007/s00484-017-1445-7. 

[7]  Baum T, Joseph GB, Arulanandan A, Nardo L, Virayavanich W, Carballido-Gamio J, et al. Association of magnetic resonance 
imaging-based knee cartilage T2 measurements and focal knee lesions with knee pain: data from the Osteoarthritis Initiative. 
Arthritis Care Res (Hoboken). 2012 Feb;64(2):248-55. doi: 10.1002/acr.20672.

[8]  Scanzello CR, Goldring SR. The role of synovitis in osteoarthritis pathogenesis. Bone. 2012 Aug;51(2):249-57. doi: 
10.1016/j.bone.2012.02.012. 

[9]  Vincent HK, Heywood K, Connelly J, Hurley RW. Obesity and weight loss in the treatment and prevention of osteoarthritis. 
PM R. 2012 May;4(5 Suppl):S59-67. doi: 10.1016/j.pmrj.2012.01.005. 

[10]  Henrotin Y, Pesesse L, Sanchez C. Subchondral bone and osteoarthritis: biological and cellular aspects. Osteoporos Int. 
2012 Dec;23 Suppl 8:S847-51. doi: 10.1007/s00198-012-2162-z.

[11]  Suri S, Walsh DA. Osteochondral alterations in osteoarthritis. Bone. 2012 Aug;51(2):204-11. doi: 10.1016/j.
bone.2011.10.010. 



Effect of Aquatic Training Program on Pain...i

13Journal of Kinesiology and Exercise Sciences

[12]  Arden N, Nevitt MC. Osteoarthritis: epidemiology. Best Pract Res Clin Rheumatol. 2006 Feb;20(1):3-25. doi: 10.1016/j.
berh.2005.09.007.

[13]  Bennell KL, Hinman RS. A review of the clinical evidence for exercise in osteoarthritis of the hip and knee. J Sci Med Sport. 
2011 Jan;14(1):4-9. doi: 10.1016/j.jsams.2010.08.002.

[14]  Cudejko T, van der Esch M, van der Leeden M, Holla J, Roorda LD, Lems W, et al. Proprioception mediates the association 
between systemic inflammation and muscle weakness in patients with knee osteoarthritis: Results from the Amsterdam 
Osteoarthritis cohort. J Rehabil Med. 2018 Jan 10;50(1):67-72. doi: 10.2340/16501977-2272.

[15]  Wolfe F. The C-reactive protein but not erythrocyte sedimentation rate is associated with clinical severity in patients with 
osteoarthritis of the knee or hip. The Journal of rheumatology. 1997 Aug 1;24(8):1486-8.

[16]  Roos EM, Arden NK. Strategies for the prevention of knee osteoarthritis. Nat Rev Rheumatol. 2016 Feb;12(2):92-101. doi: 
10.1038/nrrheum.2015.135.

[17]  Krishnan K, Abadi FH, Zainudin FF, Barati AH, Elumalai G. Comparison of the effect of aquatic and Thera-band exercise on 
pain and quality of life in obese people with knee osteoarthritis. Journal of Pain Management. 2021 Jul 1;14(3).

[18]  Dekker, J. 2014. Exercise and physical functioning in Osteoarthritis: Medical, Neuromuscular and Behavioral Perspectives. 
(First edition) New York: Springer.

[19]  Silverwood V, Blagojevic-Bucknall M, Jinks C, Jordan JL, Protheroe J, Jordan KP. Current evidence on risk factors for knee 
osteoarthritis in older adults: a systematic review and meta-analysis. Osteoarthritis Cartilage. 2015 Apr;23(4):507-15. doi: 
10.1016/j.joca.2014.11.019.

[20]  Martin KR, Kuh D, Harris TB, Guralnik JM, Coggon D, Wills AK. Body mass index, occupational activity, and leisure-time 
physical activity: an exploration of risk factors and modifiers for knee osteoarthritis in the 1946 British birth cohort. BMC 
Musculoskelet Disord. 2013 Jul 24;14:219. doi: 10.1186/1471-2474-14-219.

[21] The global epidemic: IASO/IOTF analysis. http://www.iaso.org/iotf/obesity/ obesitytheglobalepidemic/. 
[22]  Bulló M, García-Lorda P, Megias I, Salas-Salvadó J. Systemic inflammation, adipose tissue tumor necrosis factor, and leptin 

expression. Obes Res. 2003 Apr;11(4):525-31. doi: 10.1038/oby.2003.74.
[23]  Salih S, Sutton P. Obesity, knee osteoarthritis and knee arthroplasty: a review. BMC Sports Sci Med Rehabil. 2013 Dec 

4;5(1):25. doi: 10.1186/2052-1847-5-25.
[24]  van der Kraan PM. Osteoarthritis year 2012 in review: biology. Osteoarthritis Cartilage. 2012 Dec;20(12):1447-50. doi: 

10.1016/j.joca.2012.07.010.
[25]  Messier SP. Obesity and osteoarthritis: disease genesis and nonpharmacologic weight management. Rheum Dis Clin North 

Am. 2008 Aug;34(3):713-29. doi: 10.1016/j.rdc.2008.04.007. 
[26]  Scharstuhl A, Glansbeek HL, van Beuningen HM, Vitters EL, van der Kraan PM, van den Berg WB. Inhibition of endogenous 

TGF-beta during experimental osteoarthritis prevents osteophyte formation and impairs cartilage repair. J Immunol. 2002 Jul 
1;169(1):507-14. doi: 10.4049/jimmunol.169.1.507. 

[27]  Mobasheri A. Osteoarthritis year 2012 in review: biomarkers. Osteoarthritis Cartilage. 2012 Dec;20(12):1451-64. doi: 
10.1016/j.joca.2012.07.009.

[28]  Ma J, Chen X, Xin J, Niu X, Liu Z, Zhao Q. Overall treatment effects of aquatic physical therapy in knee osteoarthritis: a sys-
tematic review and meta-analysis. J Orthop Surg Res. 2022 Mar 28;17(1):190. doi: 10.1186/s13018-022-03069-6. 

[29]  Chen L, Zheng JJY, Li G, Yuan J, Ebert JR, Li H, et al. Pathogenesis and clinical management of obesity-related knee oste-
oarthritis: Impact of mechanical loading. J Orthop Translat. 2020 May 15;24:66-75. doi: 10.1016/j.jot.2020.05.001.

[30]  Yázigi F, Espanha M, Vieira F, Messier SP, Monteiro C, Veloso AP. The PICO project: aquatic exercise for knee osteoarthritis in 
overweight and obese individuals. BMC Musculoskelet Disord. 2013 Nov 13;14:320. doi: 10.1186/1471-2474-14-320. 

[31]  Song JA, Oh JW. Effects of Aquatic Exercises for Patients with Osteoarthritis: Systematic Review with Meta-Analysis. Heal-
thcare (Basel). 2022 Mar 16;10(3):560. doi: 10.3390/healthcare10030560.

[32]  Miller GD, Rejeski WJ, Williamson JD, Morgan T, Sevick MA, Loeser RF, et al. The Arthritis, Diet and Activity Promotion 
Trial (ADAPT): design, rationale, and baseline results. Control Clin Trials. 2003 Aug;24(4):462-80. doi: 10.1016/s0197-
2456(03)00063-1.

[33]  Zhang W, Moskowitz RW, Nuki G, Abramson S, Altman RD, Arden N, et al. OARSI recommendations for the management 
of hip and knee osteoarthritis, Part II: OARSI evidence-based, expert consensus guidelines. Osteoarthritis Cartilage. 2008 
Feb;16(2):137-62. doi: 10.1016/j.joca.2007.12.013.

[34]  Hochberg MC, Altman RD, April KT, Benkhalti M, Guyatt G, McGowan J, et al. American College of Rheumatology 2012 
recommendations for the use of nonpharmacologic and pharmacologic therapies in osteoarthritis of the hand, hip, and knee. 
Arthritis Care Res (Hoboken). 2012 Apr;64(4):465-74. doi: 10.1002/acr.21596.

[35]  Bosomworth NJ. Exercise and knee osteoarthritis: benefit or hazard? Can Fam Physician. 2009 Sep;55(9):871-8. PMID: 
19752252; PMCID: PMC2743580.

[36]  Roddy E, Zhang W, Doherty M, Arden NK, Barlow J, Birrell F, et al. Evidence-based recommendations for the role of exercise 
in the management of osteoarthritis of the hip or knee--the MOVE consensus. Rheumatology (Oxford). 2005 Jan;44(1):67-
73. doi: 10.1093/rheumatology/keh399.

[37]  Abadi FH, Sankaravel M, Zainuddin FF, Elumalai G, Razli AI. The effect of aquatic exercise program on low-back pain disability 
in obese women. J Exerc Rehabil. 2019 Dec 31;15(6):855-860. doi: 10.12965/jer.1938688.344.



 Shinde Sandeep, Jain Pooja

14 Journal of Kinesiology and Exercise Sciences

[38]  Ambrosini AB, Brentano MA, Coertjens M, Kruel LF. The effects of strength training in hydrogymnastics for middle-age 
women. International Journal of Aquatic Research and Education. 2010;4(2):6.

[39]  Barker AL, Talevski J, Morello RT, Brand CA, Rahmann AE, Urquhart DM. Effectiveness of aquatic exercise for musculoske-
letal conditions: a meta-analysis. Arch Phys Med Rehabil. 2014 Sep;95(9):1776-86. doi: 10.1016/j.apmr.2014.04.005.

[40]  Bento P CB, Pereira G, Ugrinowitsch C, Rodacki A LF. The effects of a water-based exercise program on strength and func-
tionality of older adults. J Aging Phys Act. 2012 Oct;20(4):469-83. doi: 10.1123/japa.20.4.469.

[41]  Lim JY, Tchai E, Jang SN. Effectiveness of aquatic exercise for obese patients with knee osteoarthritis: a randomized control-
led trial. PM R. 2010 Aug;2(8):723-31; quiz 793. doi: 10.1016/j.pmrj.2010.04.004. 

[42]  Bender T, Karagülle Z, Bálint GP, Gutenbrunner C, Bálint PV, Sukenik S. Hydrotherapy, balneotherapy, and spa treatment in 
pain management. Rheumatol Int. 2005 Apr;25(3):220-4. doi: 10.1007/s00296-004-0487-4.

[43]  Gandomi F, Soufivand P, Ezati M, Salimi M, Assar S, Pournazari M, et al. The effect of Aqua Stretching exercises and Pilates 
on pain, function and spine posture in patients with ankylosing spondylitis: a randomized controlled trial. BMC Sports Sci 
Med Rehabil. 2022 Oct 21;14(1):183. doi: 10.1186/s13102-022-00577-0.

[44] Krishnan K, Abadi FH, Choo LA, Zainudin FF, Motevalli S. Comparison between Aquatic and Thera-Band Exercises on Pain 
Intensity and Endurance among Obese Individuals with Knee Osteoarthritis. International Journal of Human Movement and 
Sports Sciences. 2022;10.

[45]  Munukka M, Waller B, Häkkinen A, Nieminen MT, Lammentausta E, Kujala UM, et al. Effects of progressive aquatic resistance 
training on symptoms and quality of life in women with knee osteoarthritis: A secondary analysis. Scand J Med Sci Sports. 
2020 Jun;30(6):1064-1072. doi: 10.1111/sms.13630.

[46]  Hale LA, Waters D, Herbison P. A randomized controlled trial to investigate the effects of water-based exercise to improve falls 
risk and physical function in older adults with lower-extremity osteoarthritis. Arch Phys Med Rehabil. 2012 Jan;93(1):27-34. 
doi: 10.1016/j.apmr.2011.08.004.

[47]  Alghadir AH, Anwer S, Iqbal A, Iqbal ZA. Test-retest reliability, validity, and minimum detectable change of visual analog, 
numerical rating, and verbal rating scales for measurement of osteoarthritic knee pain. J Pain Res. 2018 Apr 26;11:851-856. 
doi: 10.2147/JPR.S158847. 

[48]  Bellamy N, Buchanan WW, Goldsmith CH, Campbell J, Stitt LW. Validation study of WOMAC: a health status instrument for 
measuring clinically important patient relevant outcomes to antirheumatic drug therapy in patients with osteoarthritis of the 
hip or knee. J Rheumatol. 1988 Dec;15(12):1833-40. PMID: 3068365.

[49]  Roos EM, Klässbo M, Lohmander LS. WOMAC osteoarthritis index. Reliability, validity, and responsiveness in patients with 
arthroscopically assessed osteoarthritis. Western Ontario and MacMaster Universities. Scand J Rheumatol. 1999;28(4):210-
5. doi: 10.1080/03009749950155562.

[50]  Cuthbert SC, Goodheart GJ Jr. On the reliability and validity of manual muscle testing: a literature review. Chiropr Osteopat. 
2007 Mar 6;15:4. doi: 10.1186/1746-1340-15-4. 

[51]  Hamzeh Shalamzari M, Minoonejad H, Seidi F. The effect of 8-weeks Self-Myofascial Release Therapy on Joint Position 
Sense and dynamic balance in athletes with hamstring shortness. Journal of Rehabilitation Sciences & Research. 2020 Mar 
1;7(1):36-42.

[52]  Yıldırım MŞ, Tuna F, Demirbağ Kabayel D, Süt N. The Cut-off Values for the Diagnosis of Hamstring Shortness and Related 
Factors. Balkan Med J. 2018 Sep 21;35(5):388-393. doi: 10.4274/balkanmedj.2017.1517.

[53]  Clapis PA, Davis SM, Davis RO. Reliability of inclinometer and goniometric measurements of hip extension flexibility using 
the modified Thomas test. Physiother Theory Pract. 2008 Mar-Apr;24(2):135-41. doi: 10.1080/09593980701378256. 

[54]  Harvey D. Assessment of the flexibility of elite athletes using the modified Thomas test. Br J Sports Med. 1998 Mar;32(1):68-
70. doi: 10.1136/bjsm.32.1.68.

[55]  David J. Magee, Orthopaedic Physical Assessment, 6th edition : pg. no. 1017. 
[56]  Weng WJ, Wang WJ, Wu MD, Xu ZH, Xu LL, Qiu Y. Characteristics of sagittal spine-pelvis-leg alignment in patients with 

severe hip osteoarthritis. Eur Spine J. 2015 Jun;24(6):1228-36. doi: 10.1007/s00586-014-3700-5.
[57]  Tauchi R, Imagama S, Muramoto A, Tsuboi M, Ishiguro N, Hasegawa Y. Influence of spinal imbalance on knee osteoarthritis 

in community-living elderly adults. Nagoya J Med Sci. 2015 Aug;77(3):329-37. PMID: 26412878; PMCID: PMC4574319.
[58]  Matsumura M, Usa H, Ogawa D, Ichikawa K, Hata M, Takei H. Pelvis/lower extremity alignment and range of motion in knee 

osteoarthritis: A case-control study in elderly Japanese women. J Back Musculoskelet Rehabil. 2020;33(3):515-521. doi: 
10.3233/BMR-171038. 

[59]  Riegger-Krugh C, Keysor JJ. Skeletal malalignments of the lower quarter: correlated and compensatory motions and postu-
res. J Orthop Sports Phys Ther. 1996 Feb;23(2):164-70. doi: 10.2519/jospt.1996.23.2.164.

[60]  Murray KJ, Azari MF. Leg length discrepancy and osteoarthritis in the knee, hip and lumbar spine. J Can Chiropr Assoc. 2015 
Sep;59(3):226-37. PMID: 26500356; PMCID: PMC4593034.

[61]  Lee CH, Kim IH. Aquatic Exercise and Land Exercise Treatments after Total Knee Replacement Arthroplasty in Elderly Wo-
men: A Comparative Study. Medicina (Kaunas). 2021 Jun 8;57(6):589. doi: 10.3390/medicina57060589. 

[62]  Lehnert-Schroth C. Introduction to the three-dimensional scoliosis treatment according to Schroth. Physiotherapy. 1992 Nov 
10;78(11):810-5.



Effect of Aquatic Training Program on Pain...i

15Journal of Kinesiology and Exercise Sciences

[63]  Moon HH, Seo YG, Kim WM, Yu JH, Lee HL, Park YJ. Effect of Combined Exercise Program on Lower Extremity Alignment 
and Knee Pain in Patients with Genu Varum. Healthcare (Basel). 2022 Dec 30;11(1):122. doi: 10.3390/healthcare11010122.

[64]  Jurado-Castro JM, Muñoz-López M, Ledesma AS, Ranchal-Sanchez A. Effectiveness of Exercise in Patients with Overweight 
or Obesity Suffering from Knee Osteoarthritis: A Systematic Review and Meta-Analysis. Int J Environ Res Public Health. 2022 
Aug 24;19(17):10510. doi: 10.3390/ijerph191710510.

[65]  Khanjari Y, Garooei R. The effect of a water jogging exercise course on older men with knee osteoarthritis. Exercise and 
Quality of Life. 2020;12(2):31-5.

[66]  Gaikwad AJ, Shinde SB. Postural Impairments in Primi-para Women after One Year of Delivery. International Journal of Inno-
vative Knowledge Concepts. 2019 Feb;7:2.  

Citation: 
Sandeep S, Pooja J: Effect of aquatic training program on pain and posture among obese females with bilateral 
knee osteoarthritis. Journal of Kinesiology and Exercise Sciences. 2025; 109 (35): 1-15.



16 Journal of Kinesiology and Exercise Sciences

109 (35): 16-28, 2025

DOI: 10.5604/01.3001.0054.9610(1.2)

E-ISSN: 2956-4581
Journal of Kinesiology and Exercise Sciences

ORIGINAL RESEARCH

Authors’ contribution:

A. Study design/planning
B. Data collection/entry
C. Data analysis/statistics
D. Data interpretation
E. Preparation of manuscript
F. Literature analysis/search
G. Funds collection

Revised:   19.08.2024
Accepted:   13.09.2024
Ahead of Print:  02.10.2024
Published:   31.03.2025

This article is licensed under the Creative Commons Attribution-ShareAlike 4.0 International License CC BY-SA 
(http://creativecommons.org/licenses/by-sa/4.0/)

COACHES’ PERSPECTIVES 
OF THE USE OF SMALL-SIDED GAMES 
IN THE PROFESSIONAL 
SOCCER TRAINING ENVIRONMENT

Nuno André Nunes 1*, Fernando Santos 2, Diogo Coutinho 3,4,
Sigrid Olthof 5, Márcio Sampaio 6

1  Department of Sport and Health, Solent University, Southampton, United Kingdom
2  Escola Superior de Educação, Instituto Politécnico do Porto, Centro de Investigação e Ino-

vação em Educação, inED, Porto, Portugal
3  University of Maia, UMAIA, Maia, Portugal
4  Research Center in Sports Sciences, Health Sciences and Human Development, CIDESD, 

CreativeLab Research Community, Portugal
5  Research Institute for Sport and Exercise Sciences, Liverpool John Moores University, Liv-

erpool, United Kingdom
6  Al Hilal Saudi Football Club, Riyadh, Saudi Arabia

Keywords: Coach development; qualitative research; practice design; decision 
making; ecological dynamics.

*Author for correspondence: nunoandrenunes@live.com.pt

Abstract: 

Background: The utilization and variation of small-sided games (SSGs) in team sports have garnered increased attention in 
recent years. This study aimed to explore the application of SSGs in high-performance soccer using qualitative methods.

Methods: Five high-performance soccer coaches participated in semi-structured interviews. A reflexive thematic analysis 
was conducted, revealing six key themes: 1) the relevance of SSGs, 2) variations in SSGs, 3) the role of SSGs in planning and 
periodization, 4) the diverse functions and meanings of SSGs within a high-performance team, 5) decision-making and creativity 
in SSGs, and 6) the emphasis on tactical development through SSGs.

Results: The findings highlighted the integral role of SSGs in the coaches’ training routines, particularly on microcycle days 
-4 and -3, and for both substitute and starting players. Coaches identified the number of players and pitch dimensions as primary 
constraints to manipulate. The leadership of SSGs was typically delegated to assistant coaches to enhance the physical and en-
joyment aspects. SSGs were predominantly used to develop positional play, with specific playing positions constrained in various 
pitch areas to elicit targeted behaviors. Furthermore, SSGs were employed to enhance players’ decision-making and creativity by 
providing game-like scenarios that encourage spontaneous problem-solving.

Conclusion: This study underscores the critical importance of SSGs in high-performance soccer training, offering practical 
insights for coaches and theoretical implications for researchers. Coaches can leverage SSGs to replicate match demands, foster 
tactical understanding, and enhance player engagement.
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Introduction

A wide range of research have emerged over the last two decades emphasizing the use of game-based situations as 
a coaching method to enhance players’ performance [1]. It has been argued that the use of game-based situations 
would help the players to develop and refine their motor skills in accordance with the environmental information [2], 
such as the teammate and opponents positioning [3,4], the ball location, and in relation to the game rules, through 
an ecological approach [5].

Small-sided games (SSGs), also known as skill-based conditioning games, game-based training, or small-sided 
and conditioned games, are modified training formats played in adjusted areas, with adapted rules and/or involving 
a reduced number of players in relation to the competition [6]. Such formats are typically employed on the premise 
that it allows to concomitantly develop players’ physical, technical, and tactical behaviours [7]. One advantage is 
that coaches can plan and emphasize the players’ running demands, motor skills, and space exploration as result of 
modifying different task constraints [2]. 

These practices tend to be representative of the match scenarios because they expose players to dynamic and 
unpredictable situations through teammates’ cooperative behaviours and opponents’ competitive interactions under spe-
cific game rules [8]. Consequently, the interest in the use of SSGs has been growing, leading to the emergence of a wide 
scope of original investigation and reviews exploring the effects of different rules, playing area dimensions, number of 
players, goals, or touches, among others, on the physical, technical, and tactical behaviours of soccer players [5,9,10]. 

A few studies have attempted to explore the coach’s perceptions on the use of SSG in the team preparation through 
semi-structured interviews [11–13]. Coaches consider SSGs to be important in the process of preparing their team for 
competition [12] and to allow concurrent development of tactical and physical skills [11]. Particularly, coaches reported 
that SSGs are essential in their training methodology to establish direct association with specific game moments and the 
competition [11]. As such, SSGs are adopted in the daily training routines and throughout the season [13].

While the effects of SSGs on various aspects of team sports (such as physical fitness, technical skills, tactical un-
derstanding, and psychological components) are well-documented, there remains a significant gap in understanding how 
professional soccer coaches perceive and implement these tasks within their training routines. Coaches’ perspectives are 
crucial as their experiences, beliefs, and strategic decisions directly influence the practical application of SSGs, impact-
ing their effectiveness. As well, despite the relevant scientific insights with a practical implication, previous research has 
mainly been conducted at the academy level or semi-professional environments through quantitative methods. It remains 
unclear how high-performance soccer coaches perceive and manipulate the use of SSGs in their practise. Therefore, us-
ing a qualitative approach can provide valuable insights about how coaches envision their own practices and their rationale 
for decision making [14]. Such line of inquiry may help coach education programs, sport organizations and high-perfor-
mance coaches reflect on the influence of experiential, social, and cultural factors on planning and periodisation, which 
subsequently may provide solid grounds for more effective reflexive practices and better learning opportunities for players.

Said that, this study aims to explore coaches’ insights to uncover the rationale behind their use of SSGs, the spe-
cific methods and variations they employ, the challenges they encounter, and the perceived benefits and limitations 
of SSGs from a coaching perspective. Addressing this gap is essential to bridging the divide between theoretical ben-
efits established in research and the practical realities faced by professional soccer coaches, thereby informing best 
practices, and contributing to the development of more effective coaching education programs. Specifically, the study 
seeks to understand how coaches define SSGs and the perceived benefits these games offer in training sessions 
[11]. It aims to investigate the timing and frequency of SSG implementation throughout the training calendar and how 
coaches adapt these games to develop specific fitness components and tactical aspects of play [13]. Additionally, 
the study intends to examine the constraints and rules coaches manipulate within SSGs to achieve desired training 
outcomes and the role of SSGs in fostering decision-making and creativity among players [12]. By addressing these 
questions, the study aspires to fill existing gaps in the literature and provide a comprehensive understanding of the 
practical applications and theoretical underpinnings of SSGs in high-performance soccer coaching.

Materials and Methods

Researchers’ Positioning

Considering the purpose of the present study, the research team adopted a relativist ontology and constructionist 
epistemology, highlighting the importance of perceived experiences and the pivotal role played by social interactions. 
This is a co-constructed process, engages researchers and participants, involves events, and captures how individu-
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als perceive knowledge and how these perceptions are grounded on social interactions [15]. Therefore, the present 
study results from a reflexive and collaborative process between researchers and coaches, all with their unique identi-
ties, beliefs, experiences, and critical awareness [14].

To help readers critically reflect on the present study, it is important to stress that all authors of this research 
have a Higher Education degree. Particularly, authors 1, 2, 3, and 4 completed a PhD in Sports Science, while author 
5 has a MSc. From a coaching experience, authors 1, 2, 3 and 5 completed UEFA soccer courses and have been 
engaged in the coaching process, including planning, and delivering sessions, and performance analysis. Author 4 
is an innovative soccer researcher, attending conferences worldwide. Specifically, author 5 works as Head of Fitness 
in a high-performance club that regularly participates in the Asian Champions League, with previous experience in 
different worldwide clubs and leagues/tournaments, including FIFA Club World Cup and UEFA Champions League. 
Authors 1, 2, 3, and 4 are university lecturers, teaching modules to BSc and MSc university students, and delivering 
workshops and continuous professional development courses to different soccer associations.

Participants

Five male soccer coaches participated in this investigation (Table 1). The number of participants was determined based 
on theoretical saturation [16]. All coaches possessed the UEFA Pro Football (Soccer) Coaching qualification and have 
numerous years of experience in high-performance soccer across different environments. At the time of data collec-
tion, all individuals were employed as Head Coaches in Professional Soccer (adult male contexts) or at the Professional 
Development Phase (Under-23 and Under-19) across different countries. The participants’ diverse experiences, beliefs, 
values, and cultures facilitated a completer understanding about SSGs through a multitude of lenses and ontologies 
[16,17]. After ethics approval by the local Institutional Research Ethics Committee, written and informed consent was 
provided by the coaches before the beginning of data collection. All participants were notified that they could withdraw 
from the study at any time. To ensure anonymity, participants were given a number (e.g., Coach 1).

Table 1. Professional soccer coaches’ characterisation

Coach 1 Ex-professional soccer player with international playing experience in different countries. Represented a South 
American Soccer Confederation (CONMEBOL) National Team as player. Soccer Head Coach in different divisions 
and countries, with experience managing in international competitions. National Team Head Coach in a Union of 
European Football Associations (UEFA) country. 16 years playing experience. 17 years coaching experience.

Coach 2 Ex-professional soccer player in the United Kingdom. Previous experience as Head of Academy and 1st Team 
Head Coach in the United Kingdom. Head Coach in the Scottish Premiership. Soccer coach educator. 17 years 
playing experience. 10 years coaching experience.

Coach 3 BSc in Sports Science and Physical Education. Career started as Academy Coach and Assistant Head Coach. 
Head Coach, with experience in different countries and continents. Previous Asian Football Confederation (AFC) 
champion. 25 years coaching experience.

Coach 4 Ex-professional soccer player in the United Kingdom, but never played in the highest league. Early career finisher. 
Previous experience as a younger Academy Manager, 1st Team Assistant Manager and Head of Academy. 
Currently Under-23 Head Coach in an English Premier League soccer club. 5 years playing experience. 9 years 
coaching experience.

Coach 5 Ex-professional soccer player in the United Kingdom. Under-19 Head Coach in an English Championship soccer 
club. National Team Head Coach in a Confederation of North, Central America and Caribbean Association 
Football (CONCACAF) country, with also experience representing it as soccer player. 13 years playing 
experience. 7 years coaching experience.

Procedures

Data was collected using an individual semi-structured interview guide with 27 questions (Table 2). Questions were 
shared with a group of soccer coaches and researchers, and the final amended interview guide was attained after 
suggestions for minor corrections (e.g., how do you manipulate SSGs in accordance with the microcyle day?) and 
additions (e.g., what constraints do you usually manipulate to develop your topics? Can you provide any examples?). 
Due to the geographical distance between the interviewer and the participants, an online interview through video-
conference with synchronous communication was conducted [17]. As per the number of questions proposed, each 
interview lasted for approximately 45 minutes. All interviews were recorded using a Dictaphone and later transcribed 
to Microsoft Word, and then sent to each coach for their approval through a member-checking technique [11–13]. 
Every meeting with the different coaches followed the guidelines proposed by [17] for procedures before, during, and 
after an interview. Interviews were conducted for two months in the off-season period.
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Table 2. Applied individual semi-structured interview questions

1. How do you define SSGs?

2. Do you use SSGs in your daily routine? How often?

3. In your opinion, what are the benefits of using SSGs?

4. Is there any specific time of the year/calendar where you more often use SSGs?

5. Do you use SSGs to develop any specific moment or principle of the game?

6. How do you use SSGs to develop specific fitness components?

7. What considerations do you take when planning SSGs for training sessions?

8. In what part of the session do you usually include SSGs?

9. Do you believe it is possible to build up a game model using SSGs?

10. What constraints do you usually manipulate to develop your topics? Can you provide any examples?

11. How do you manipulate SSGs in accordance with the microcyle day?

12. How do you manage the use of SSGs, MSGs and LSGs within you microcyle?

13. Number of players and size of playing area are the most common constraints manipulated by coaches. How do you 
control these specific variables to achieve your intended goals?

14. Do you use coach encouragement during SSGs practice, or are you quiet analysing the task? How does your adopted 
behaviour influence your players’ performance?

15. Do you believe the inclusion of small goals or the use of GK during SSGs influence your players’ performance? In which 
way?

16. Is there any specific constraint you are likely, or you preferably use, when planning and delivering SSGs?

17. What kind of rules do you adopt in your SSGs tasks to achieve certain goals?

18. Do you look to develop decision making within your planned SSGs? If so, what type of constraints do you use to achieve 
your intended behaviours?

19. How do you look to develop creativity of players using SSGs? 

20. Are you likely to plan and deliver SSGs tasks in accordance with the next opponent?

21. Do you take the lead of planning and delivering SSGs in your sessions? Or do you delegate this to your staff?

22. How do you measure the effectiveness of the use of SSGs on players’ performance?

23. How can you live analyse SSGs in a training session? And how do you usually review them after session?

24. How do you think players react to the use of SSGs?

25. Are SSGs an important part on players individual development?

26. Is there any age group or level of specialisation where you consider the use of SSGs more relevant or beneficial for 
players and teams?

27. What advise can you give to coaches when thinking of using SSGs in their training sessions?

SSGs – Small-Sided Games; MSGs – Medium-Sided Games; LSGs – Large-Sided Games; GK – Goalkeeper

Data Analysis

A Reflexive Thematic Analysis (RTA; [14] was conducted to identify patterns across the qualitative dataset and de-
scribe and interpret latent meanings [16]. A deductive-inductive approach was used to develop new meanings from 
data as well as to apply a theory-driven framework guided by ecological lenses. The analysis was produced through 
the intersection of the theoretical assumptions, disciplinary knowledge, research skills and experience, and the con-
tent of data themselves [16]. The analysis involved diverse fluid steps: data familiarization; coding (i.e., development 
of codes and topics); theme development; theme refinement; naming; and writing the final report [14]. 

First, the research team read and re-read the transcripts (i.e., four pages per coach and 20 single-spaced pages 
in total) with the aim of understanding data and developing initial codes. Throughout the analysis, researchers read 
the transcripts again to revisit meaning and contextual information. This process was pivotal in informing the latent 
semantical components of the analysis. Codes were developed into topics which represented more complex under-
standings about the data, but still superficial, unrefined, and unpolished (i.e., semantical component of the analysis). 



 N.A. Nunes, F. Santos, D. Coutinho, S. Olthof, M. Sampaio

20 Journal of Kinesiology and Exercise Sciences

Then, topics were developed into themes and subthemes were provided for rich and in-depth representations of the 
dataset (i.e., latent component of the analysis). Subsequently, themes were refined to best align with the participants’ 
perceptions and the purpose of the study. The final stages of the analysis included writing the results section to 
provide a coherent storyline. The themes that resulted from this process were: 1) the relev anc e of SSGs, 2) SSGs 
variations, 3) SSGs in the planning and periodisation processes, 4) the diverse roles and meanings of SSGs within a 
high-performance team, 5) decision making and creativity implicit into SSGs, and 6) highlighting tactical development 
in SSGs (Table 3). As per guidelines provided by [18] which have implications across fields and aligned with the cur-
rent ontological and epistemological positioning, the quality of the analysis was increased through a co-constructed 
process of data analysis that actively involved the participants (i.e., through diverse discussions). Further, the first 
author who led the analysis engaged in discussions with the co-authors that, through their diverse expertise and 
experiences, provided alternative insights and explanations throughout the analysis. More than reaching consensus, 
this was a process of open discussions and critique to create a complex and complete storyline. 

Table 3. Thematic Analysis categories and interview statements

Categories Interview statements

The relevance of SSGs SSGs recreate game situations with a smaller number of players in reduced areas. It is important to 
improve fitness with ball as it allows to develop specific soccer components in intensity (Coach 1).

SSGs are a reduction of the formal game, with lower number of players, in a small playing area, with high 
contact and higher repetitions. SSGs recreates a lot of match demands and with a lot of competition and 
freedom, promoting motivation to the players and the team (Coach 2).

I always thought the training process in an ecological approach, so it is of upmost importance to bring 
the match demands to our training session. The training process can be divided, but not disintegrated. 
And that is why SSGs can be a powerful tool used by coaches to improve team and players’ performance 
(Coach 3).

SSGs are realistic training tasks, that aim to look like the 11v11 game. They are important to use, especially 
with younger ages, as coaches don’t have enough number of players to train the 11v11 (Coach 4).

It allows to provide a big technical component under pressure, with a competitive scenario, in 1v1 and 
2v2 situations, being aggressive and using different sectors of the pitch against each other (e.g., attackers 
vs defenders). It also allows to develop physical components alongside the soccer side. And the social 
and psychological aspects of the game, so important at this stage: emotion, frustration, overcoming 
difficulties, manipulation of game scenarios (e.g., wrong referee decision) (Coach 5).

SSGs variations We will be looking at the space we need and even support players or number of touches. It is important 
to have a set of rules and I think it is important to let the players know the reason of the SSGs (Coach 1). 

Playing areas and number of players are the main considerations we take when planning SSGs. Large 
playing area with lower number will be used to develop anaerobic endurance, while a small playing area 
with higher number to stimulate the aerobic system. The use of finishing scenarios, such as GKs, mini 
goals or end zones are also constraints we adopt to develop certain parts of the game (Coach 2).

Number (including unbalanced scenarios), playing area, number of touches, finishing type (GK, mini goals, 
finishing zones). For example, we tend to increase the playing area to develop acceleration, deacceleration 
and dribbling. But we also tend to increase the number of players, as also as numerical superiority, to 
develop the ability to keep ball possession and passing circulation (Coach 3).

We use extra players, overloads, specific position where certain players need to receive, certain zones to 
miss out or play through, players locked in, rules for scoring and specific players (e.g., if you score you 
keep the ball to encourage players possession). We always have direction or finishing situations in SSGs, 
but not always needing of a GK. Target or mini goals provide realism and an outcome to the task.  We also 
tend to incorporate set-pieces, such as throw-ins (Coach 5).

SSGs in the planning 
and periodisation 
processes

From the second week of the pre-season, we tend to introduce SSGs, to improve fitness components 
and prepare players to competition. During season, in a regular week, we use 100% SSGs on the day -4. 
In a week with a game in the middle, we tend to use SSGs more often for players without match time to 
offset the intensity of the match. We work from SSGs, to MSG and to LSG, particularly on day -4 and -3. 
In these days, we normally include SSGs at the middle of the training session, after a specific warm up 
and ball drills. We don’t like to use it at the end as it increases the risk of injury due to players’ fatigue 
(Coach 1).
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SSGs in the planning 
and periodisation 
processes

During pre-season we tend to work from the 11v11 to the use of SSGs, so we can increase intensity. From 
a microcycle perspective, on day -4 we use small playing areas with lower number of players, to increase 
transitions, and on day -3 we have higher playing areas and small number of players. In international breaks 
or calendar stoppages, we will use them a lot as well to keep the players ready for competition (Coach 2).

SSGs are usually played at the end of the training session, for maximal actions, but lower repetitions. 
When looking for a more strategic and tactical approach, we tend to use before the last global component. 
In a microcycle with a match per week, it is always used on the -4 day, alongside with power. When 
there are more matches a week, we use SSGs specially for the players that did not play. The incidence 
decreases over the season. We use more SSGs during preseason, and we decrease its use as the seasons 
is coming to an end (Coach 3).

We may use them more at the end of the calendar to have players engaged as they feel tired by then. 
However, for instance and during pre-season, we can also get more in from the SSGs in between friendlies. 
Before, coaches used to have SSGs only at the end, and now it become much more embed in training 
due to their ecology. At the end of the session is always constructive to use them as they are positive, 
providing a good social side and players want to come back later. But also, at the beginning will allow 
players to be engaged to the rest of the session. Even in a match day or day before, allowing the players 
to be ready to compete (Coach 4).

We mostly use at the end, to also work with GKs and develop team principles under pressure, and mental 
and physical fatigue (Coach 5).

The diverse roles 
and meanings of 
SSGs within a high-
performance team

If the SSG is about physical and enjoyment, I let my assistants to work more on them. If it is having 
a strong tactical component, it will be led by me from the first moment (Coach 1).

When delivering, I like to be away from that to have a better picture and not have confrontation with 
players. I don’t want to confront a player that had a bad decision in certain moment of the SSG. In that 
situation, players are not likely to think properly (Coach 2).

It is important to control external and internal loads, by using global position systems or heart rate, so we 
are aware of the exercise intensity. Normally, I tend to be more away during SSGs. But my coaching staff 
behaves like me, so they need to strengthen the task with encouragement and feedback, which can be 
positive or negative, depending on the needs and player’s individualities (Coach 3).

Sometimes, I like to see them without encouragement, specially to see the tactical outcome and observe 
what players understood from the planned task. But sometimes, if we need a more physical outcome, we 
speak to them in between sets to give them specifically feedback (Coach 4).

Decision making and 
creativity implicit into 
SSGs

We need to make the players developing certain actions, as much as possible, to promote a habit thinking, 
to make a constant decision and the knowledge of how to act. In SSGs, the decision will be natural due the 
number of repetitions. With reduced space and time, players need to be quicker and think fast, sometimes 
without even thinking. (Coach 1).

We need to allow freedom for the players, to involve a lot of 1v1 and constraint defenders to stay in 
certain areas to promote those situations. We like players to be free during the tasks, not structured, not 
overcoaching them, understand what the players want, and let them have mistaken (Coach 2).

If we want to develop decision making, we tend to increase the playing area to work without pressing. 
When our players understood that specific game idea, we then can decrease the playing area to work 
under pressure, and so on to develop the cognitive components.  If we reduce the number of touches on 
the ball, players won’t be able to develop this creativity as they will be forced to use more of passing rather 
than dribbling (Coach 3).

Decision making is difficult to coach and develop, because you can’t touch it, you can’t lively say decision 
making is improving, and I think SSGs is a vital tool to make quicker decisions in small playing areas. By 
using SSGs we can increase the degree of freedom and we encourage players to show their individual 
brilliance (Coach 4).

For example, the constant flow of balls coming in will help the process of decision making. Sometimes we 
have bounce games, with one team in the outside at 1 touch to develop specifically technical aspects, so 
they need to learn how to use their body to have success. We look to match up the players. We need to 
make sure players have success, so sometimes we need to combine players if a defender is stronger, as 
such 2v1, or a 1v1 with a lower-level defender. Keep it competitive, not restricting the number of touches, 
but look at tempo and not restrictive movements, so we tend to look at the quick touch, according to 
opponent and surrounding area (Coach 5).
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Highlighting tactical 
development in SSGs

We like to use SSGs to develop positional play, to work on body angles and movements off the opposition. 
Particularly from a defensive perspective, it allows to create a guided discovery where players are looking 
to understand the space available or when to press (Coach 1).

We tend to use game areas for certain players to allow the creation of positional game and relationship 
between sectors, as also as certain aspects of the game model, such as progressive progression (Coach 2).

We can use a SSGs in a specific part of the pitch; in the wing channel, we can manipulate the game 
to force the players to build up the game from the back and progress through the halfway line. As an 
example, when working on progressive progression, we can work on a 5v3 in the channel and then 
progress to a full width 10v7 in ¾ pitch. (Coach 3).

We look to develop overloads, 3v2 and 2v1, manipulating the areas with attacking combinations in 
underlapping and overlapping running, including 1 or 2 touches to allow quick offensive transitions. So, we 
try to use SSGs to develop the team aspects, but also able to work towards the needs of the movement, 
for the moment, in accordance with opponent, teammate, ball and goal. As well, touches restriction to 
develop team combinations and relationship between players. Look at the game, look at the stats and its 
analysis, and breakdown to a SSG. For example, finishing with 1 touch, and if players take more, they have 
straight pressure. And this is what we see in the game (Coach 5).

SSGs – Small-Sided Games; MSGs – Medium-Sided Games; LSGs – Large-Sided Games; GK – Goalkeeper; GPS – Global Position 
System; HR – Heart Rate

Results and Discussion

The objective of this study was to understand the use of SSGs by soccer coaches in the high-performance context. 
Data was collected through semi-structure interviews from coaches in the Professional Development Phase or at Se-
nior Elite Level. A total of six themes were developed from the Reflexive Th ematic Analysis of the twenty-seven ques-
tions presented to the five different coaches: 1) the relevance of SSGs, 2) SSGs variations, 3) SSGs in the planning 
and periodisation processes, 4) the diverse roles and meanings of SSGs within a high-performance team, 5) decision 
making and creativity implicit into SSGs, and 6) highlighting tactical development in SSGs. Data is presented through 
quotes from coaches and followed up by references (in brackets) to indicate similarities with existing literature. As 
expected, coaches tend to use SSGs as part of their periodised week, with a higher incidence on Matchday (MD) -4 
and -3. Coaches also referred the predominant use of SSGs to develop fitness levels, and to work on positional play, 
constraining specific playing positions on their zones of action on the pitch. All coaches agreed that SSGs motivate 
players to perform, due to the integration of all soccer components at the same time, being usually the players’ fa-
vourite part of the session.

The relevance of SSGs  

Coaches considered SSGs as training tasks played with lower number of players performed in a reduced area, with 
the aim to replicate the match demands, and allowing more repetitions with a certain amount of freedom. Coach 1 
reinforced the relevance of using SSGs across high-performance contexts “to improve fitness with the ball as it 
allows to develop specific soccer components in intensity” with in an “interval intermittent training regime” (added 
by Coach 3), while Coach 4 considered it important to use “different sectors of the pitch against each other”. 
Coach 5 also referred that “agility, coordination, reaction and ability to read the game are very important when using 
SSGs, rather than only isolated practises”. Those comments align with previous research that identified the benefits 
of using SSGs to improve physical parameters [18]. Therefore, rather than providing isolated physical stimuli to 
players in a decontextualised environment, coaches can manipulate SSGs to replicate match-like demands, and 
concomitantly develop all soccer components at the same time, in exact zones of the pitch with specific playing 
positions [19,20].

Remarkably, Coach 3 believed the training process should be considered from an ecological approach: divided, 
but not disintegrated [8,21]. This coach mentioned: “And that is why SSGs can be a powerful tool to be used by 
coaches to improve team and players’ performance… as they are more real”. It was well accepted by every coach 
that these tasks promote “motivation to the players and the team” (Coach 2), and if players could choose, they 
would want SSGs in every session (Coach 1). These two last coaches also recalled their time as soccer players and 
remembered the SSGs as their favourite part of the session and were always looking forward for the weekly session 
on these tasks. Finally, Coach 3 mentioned “players love SSGs, they love competition… when we are training at high 
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intensity, having competition with ball will always be a differential factor of extra motivation… we also want to incite 
this winning mentality, to develop a winning culture in the club”. 

The insights gathered from the coaches’ perspectives underscore the multifaceted benefits of incorporating SSGs 
into soccer training sessions. Coaches unanimously recognised SSGs as valuable tools for replicating match de-
mands, fostering player motivation, and promoting holistic player development. Moreover, the ecological approach 
advocated by Coach 3 highlights the importance of integrating SSGs seamlessly into training regimens, ensuring that 
the training process remains cohesive and contextually relevant. The coaches’ testimonials also emphasise the in-
trinsic appeal of SSGs to players, with many recalling their own positive experiences and highlighting the motivational 
impact of the competitive match. Importantly, the emphasis on fostering a winning mentality and developing a culture 
of success underscores the broader implications of SSGs beyond physical and technical development. Overall, the 
collective insights underscore the pivotal role of SSGs in enhancing team performance, player engagement, and 
cultivating a culture of excellence within soccer clubs.

SSGs variations

There was consensus amongst the coaches that playing area and number of players are the main constraints to 
consider when planning SSGs, in line with previous studies [6,7]. Coach 2 referred that “a large playing area with 
lower number of players will be used to develop anaerobic endurance, while a small playing area with higher number 
of players to stimulate the aerobic system”, and Coach 3 mentioned that he “tends to increase the playing area to de-
velop dribbling … and increase the number of players, and the numerical superiority, to develop the ability to keep ball 
possession and passing circulation”. These coaching perceptions come in line with studies from [3,4], that referred 
the use of large playing areas and numerical superiority affords the development of tactical individual actions in ball 
possession, without the constraint of pressing. 

In regards other task constraints manipulation, the “number of touches, finishing type (e.g., GK, mini goals, finish-
ing zones)” (Coach 3) and “extra player, overloads, specific position, … rules for scoring” (Coach 4) were used to 
manipulate SSGs for planned behaviours according with the intended game model for the team, but also to incorpo-
rate set-piece development (Coach 5). Particularly at the academy level, Coaches 4 and 5 considered the number of 
available players for each session to be important for U19s and U23s as this often fluctuated to serve the needs of the 
first team. Planning needed to be daily adjusted, and the use of SSGs seemed to be an important strategy for mixing 
different age groups. SSGs were viewed as a pedagogical resource for planning and periodisation that automatically 
generated learning through a guided discovery paired with feedback and appropriate support [1]. However, aligned 
with past research, players’ understandings about the usefulness of these tasks seemed to be critical for meaningful 
learning [22], as referred by Coach 1: “it is important to let the players know the reason of the SSGs”, so they are 
aware of the outcomes expected.

Coaches’ perspectives underscored the significance of carefully manipulating constraints, such as playing area 
and number of players, when planning SSGs in soccer training sessions. Their insights align with previous research, 
emphasising the role of these constraints in shaping tactical and technical development. Furthermore, the coaches 
highlighted the importance of adapting SSGs to suit the developmental needs of different age groups within academy 
settings, necessitating flexible planning and daily adjustments. The pedagogical value of SSGs as a tool for guided 
discovery and learning was also underscored, particularly when paired with clear communication and feedback to 
players. However, the coaches emphasised the crucial role of players’ understanding and buy-in, highlighting the 
need for transparent communication regarding the objectives of SSGs to maximise their effectiveness in promoting 
meaningful learning experiences. Overall, their insights offer valuable guidance for coaches seeking to optimise the 
use of SSGs in soccer training, emphasising the importance of strategic constraint manipulation and effective com-
munication with players.

SSGs in the planning and periodisation processes

During the macrocycle, every coach acknowledged the importance of using SSGs from pre-season through the end 
of the season. To illustrate, Coach 1 tended to introduce SSGs from the second week of pre-season, while Coach 2 
started pre-season “to work from 11v11 to the use of SSGs”. This coach aims to start working on the main principles 
of play, at the same time as players return to training with low intensity stimulus, to gradually develop sub-principles 
of play under fatigue, by using SSGs to increase intensity of the task and promote specific demands for their own 
individualities. 

Coach 4 also emphasised the role of using SSGs “more at the end of the season to keep players engaged as they 
feel tired by then”. However, Coach 3 mentioned the use “of SSG decreases over the season, as towards the end of 
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the competitive calendar their training aims were more strategic”. Coach 4 works at the Professional Development 
Phase and is aware of a natural lower match intensity compared to senior level [19]. However, young players can 
be called to the first team and would therefore benefit from SSGs played at a higher intensity to reduce the risks of 
suffering from overuse injuries [20].

From a microcycle perspective, all coaches agreed the predominant use of SSGs on MD -4 and MD -3. For 
example, Coach 2 mentioned “on MD-4, we use small playing areas with lower number of players to increase tran-
sitions, and on MD-3 we have greater playing areas and small number of players”, while Coach 3 said “a SSG is 
always used on MD-4, alongside with power”. Interestingly, Coach 1 and 3 mentioned the exclusive use of SSGs for 
starting or substitute players through the microcyle, and Coach 2 tended to include the use of more regular SSGs 
in international stoppages “to keep players ready for the competition”. Coaches seem to promote specific workload 
for players by using SSGs, periodising the physical capacities alongside the manipulation of constraints to achieve 
intended outcomes [7].

From a session planning perspective, Coach 4 mentioned “coaches used to have SSGs only at the end, and now 
it become much more embedded in training”. There were some considerable contrary opinions amongst the coaches 
on the timing of the SSGs. Coach 1 included “SSGs at the middle of the training session… as at the end it increases 
the risk of injury due to players fatigue”, which is opposite to Coach 3 who mentioned that “SSGs are usually played 
at the end of the training session for maximal actions, but lower repetitions” and Coach 5 planned SSGs “mostly at 
the end, to also work with GKs and develop team principles under pressure with mental and physical fatigue”. 

Coaches provided valuable insights into the strategic use of SSGs across the macrocycle and microcycle of soc-
cer training. Their approaches varied, with some coaches favouring the early introduction of SSGs during pre-season 
to gradually increase intensity and develop specific demands, while others emphasised their use towards the end 
of the season to maintain player engagement and strategic training aims. Interestingly, there was consensus among 
coaches regarding the predominant use of SSGs on specific days within the microcycle, with MD -4 and MD -3 being 
highlighted as key periods for SSG implementation. Moreover, coaches recognised the importance of tailoring SSGs 
to suit the developmental needs of players at different levels, from academy to senior teams, and adapting session 
planning to optimise workload and minimise injury risks. Despite some discrepancies in opinion regarding the timing 
of SSGs within training sessions, the coaches’ perspectives collectively underscored the versatility and effectiveness 
of SSGs as a pedagogical tool for promoting tactical, technical, and physical development in soccer players through-
out the training season.

The diverse roles and meanings of SSGs within a high-performance team

All interviewed coaches tasked their assistants on leading the SSGs to further strengthen the link between the physical 
component and enjoyment of SSGs. Coach 2 refrains from any tactical involvement, because he does “not want to 
confront a player that had a bad decision in the SSG”, as players may spontaneously react due to task involvement/
excitement. As well, Coach 4 preferred most of the time “to see players’ performance in SSGs without encourage-
ment, specially to observe the tactical outcome and what players understood from the planned task”. However, this 
coach mentioned they would step in the task with encouragement if players “need a more physical outcome” or any 
specific feedback necessary to achieve success in the task. This would only occur in between sets and not in the 
middle of the task. Coach 1 observes the communication amongst players and believes that “if they keep talking to 
each other, they are looking to find new solutions for the problem”. These coaches’ ideas align with principles of 
promoting guided discovery [5]. On the other hand, [23] mentioned there is some impact of active coaching on the 
physical performance on players. Interviewed coaches choose to not actively coach, but that might compromise on 
the physical component of the SSG.

All coaches also referred to the importance of monitoring intensity “to control external and internal loads by using 
global position systems or heart rate” (Coach 3). Therefore, coaches worked in collaboration with Sports Science 
and Performance Analysis departments and planned specific constraints to achieve intended goals, monitored the 
SSG live (e.g., emphasise recovery between sets and encouragement to achieve the SSG target), and analysed and 
interpreted outcomes. Despite this, all coaches stressed they used their “own judgment to understand and adapt SSG 
tasks” (Coach 2) as “the immediate analysis on the moment will always be coach perception” (Coach 3). Interest-
ingly, Coach 3 also mentioned they “want to have the players’ perception of exercise, so we keep asking them during 
session and during the different tasks” to adapt any momentary constraint and to keep a record for future practises.

Coaches’ perspectives shed light on the multifaceted role of coaches in guiding SSGs within soccer training 
sessions. While all coaches delegated the leadership of SSGs to their assistants, they maintained a keen focus on 
monitoring player communication and task engagement, recognising the potential for spontaneous player reactions 
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and the importance of promoting guided discovery. However, the coaches’ reluctance to actively coach during SSGs, 
aimed at preserving the enjoyment and tactical exploration of players, raised concerns about potentially compromis-
ing the physical component of these tasks. Nonetheless, coaches emphasised the importance of monitoring intensity 
and collaborating with sports science and performance analysis departments to ensure the effective implementation 
of SSGs. Their reliance on personal judgment and player feedback highlights the dynamic and adaptive nature of SSG 
planning and underscores the ongoing need for coaches to balance tactical objectives with physical development in 
SSG-based training sessions.

Decision making and creativity implicit into SSGs

The benefits of SSGs are illustrated by several coaches: “the decision will be natural due the number of repetitions” 
(Coach 1), and “using SSGs we can increase the degree of freedom and we encourage players to show their indi-
vidual brilliance” (Coach 2). It was acknowledged that small playing areas in SSGs are a feasible manipulation for 
coaches: “a vital tool to make quicker decisions in small playing areas” (Coach 4), “with reduced space and time, 
players need to be quicker and think fast, sometimes without even thinking, … on an instinctive way and in reaction” 
(Coach 1), and “the repetition of certain aspects will allow players to make better decisions in the game” (Coach 2). 
As an example, Coach 3 “tend to increase the playing area to work without pressing, … then decrease the playing 
area to work under pressure, and so on to develop the cognitive components”. Coach 5 also mentioned the impor-
tance of having placed balls around the playing area, so players will keep high tempo in the match and potentially fail, 
so “they will learn from there and not repeat the movements”. 

Coach 1 defined SSGs as “very closed to understanding the game and to make right decisions” which they found 
important for the promotion of creativity. Coach 2 considered the “need to allow freedom for the players, to involve a 
lot of 1v1, … not structured, not overcoaching them, … let them have mistaken”. This coach considered SSGs as like 
street football, where players return to the basics of soccer and they “are exploring and enjoying themselves”, while 
Coach 3 believed “SSGs allow to develop creativity by itself, it is almost as the players were playing in the streets as 
before and need to find solutions for their problems”.

Another worthwhile strategy used by Coach 5 is to match up the players by combining stronger individuals in 
numerical inferiority to increase the difficulty of the task for some individuals, but making sure the success can be 
achieved. Number of touches on the ball was also discussed, and it was considered a restriction that would influence 
creativity. For instance, Coach 3 mentioned “if we reduce the number of touches on the ball, players will not be able 
to develop this creativity as they will be forced to use more of passing rather than dribbling”, and Coach 5 would like 
to “keep it competitive, not restricting the number of touches, but look at tempo and not restrictive movements, so we 
tend to look at the quick touch, according to opponent and surrounding area” This last coach finished stating, “too 
many restrictions make them get lost… it is important to force some behaviours, in a balanced way”.

Coaches’ perspectives underscored the diverse benefits of SSGs in soccer training, ranging from the promotion 
of decision-making and cognitive components to the fostering of creativity and individual brilliance. The consensus 
among coaches emphasised the importance of manipulating playing areas and task constraints to create environ-
ments that challenge players and encourage spontaneous, instinctive reactions [2]. Coaches highlighted the role of 
SSGs in replicating the conditions of street football, where players are free to explore and enjoy the game without 
excessive structure or overcoaching [24]. Moreover, strategies such as matching up players and manipulating the 
number of touches on the ball were discussed as means to enhance creativity and maintain a competitive yet bal-
anced environment. Ultimately, coaches recognised the delicate balance between imposing constraints to shape 
behaviours and allowing freedom for players to express themselves, emphasising the need for thoughtful planning 
and moderation in SSG design.

Highlighting tactical development for SSGs

From a tactical perspective, coaches tended to use SSGs to develop positional play: “to work on body angles and 
movements off the opposition” (Coach 1). They aimed to develop “relationship between sectors, as also as certain 
aspects of the game model, such as progressive progression” (Coach 2). In this regard, Coach 3 mentioned the “use 
of specific parts of the pitch” to “manipulate the game to force players” in match-specific scenarios (e.g., full-back 
vs winger). This last coach mentioned “the principles of play should be developed in the different sectors… before 
we can work in its totality… so, by using SSGs to work on specific moments it allows then to transfer this acquired 
knowledge to full team’s game model”. 

And “particularly from a defensive perspective, it allows to create a guided discovery where players are looking 
to understand the space available or when to press, … increasing players’ motivation to recover possession” (Coach 
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1), and “to develop pressing triggers and area awareness” (Coach 4). So, coaches “use SSGs to develop the team 
aspects, but also able to work towards the needs of the movement, for the moment, in accordance with opponent, 
teammate, ball and goal” (Coach 5). It was also mentioned that SSGs are planned according with the own team 
needs, and not considering opponent’s analysis. As per Coach 5, “look at the game, look at the stats and its analysis, 
and breakdown to an SSG”.

Coaches emphasised the tactical significance of SSGs as a means to develop specific aspects of positional play 
and game model principles [9]. Their use of SSGs aimed to facilitate a guided discovery process, wherein players 
could understand spatial relationships, pressing triggers, and defensive responsibilities within the context of match-
specific scenarios [24]. Coaches strategically manipulated playing areas and task constraints to replicate game-like 
situations and promote engagement and motivation among players. Importantly, SSGs were tailored to address the 
specific needs of the team, focusing on areas of improvement identified through game analysis and statistical data. 
By integrating SSGs into their training sessions, coaches sought to instil a deeper understanding of tactical concepts 
and foster a cohesive team dynamic that could be translated onto the pitch during competitive matches.

Limitations and Future Research Directions

Despite the several insights presented in this research in the professional soccer environment, it is necessary to 
acknowledge some limitations. Firstly, each coach only completed the interview once, which can be seen as an indi-
vidual source of data [17]. The interview process could have happened a second time so participants might present 
more/different information as well as added insights. Further, interviews could have been paired with observations or 
other data collection methods for a more comprehensive understanding about the use of SSGs. As well, it was miss-
ing the inclusion of some questions in the interview that could develop knowledge in regard to: 1) playing positions 
during SSGs, as some players with tactical freedom can influence demands of the task; 2) coaching position during 
SSGs, as if the coach is more focused in a specific group, this can influence outcome of the task; 3) how coaching 
staff adjust intensity for players that did not achieved intended internal and external workloads; and 4) what type of 
feedback is provided by coaches during SSGs, as by the end of the task, players are likely to be fatigued.

Based on the results of this study, several areas for future research in the domain of SSGs have been empha-
sised by coaches but remain underexplored in scientific literature. Firstly, the cognitive and psychological impacts of 
SSGs, particularly on players’ decision-making processes and creativity under various constraints, warrant further 
investigation. Coaches highlighted the importance of fostering cognitive development through SSGs, yet empirical 
data on the optimal conditions and game modifications that best support these outcomes are limited. Secondly, the 
long-term effects of SSGs on player development across different age groups and skill levels need to be examined. 
While coaches frequently use SSGs to develop technical and tactical skills, the longitudinal benefits, and potential 
drawbacks of these games over a player’s career are not well documented. Thirdly, the integration of advanced moni-
toring technologies, such as GPS and heart rate monitors, within SSGs requires additional exploration. Coaches noted 
the utility of these technologies in managing training loads and ensuring optimal intensity during sessions; however, 
more research is needed to establish standardised protocols and determine their effective utilisation. Lastly, the social 
and emotional dimensions of SSGs, such as their role in building team cohesion, handling competitive scenarios, and 
managing emotional responses, should be investigated. Future studies should delve into how SSGs can be designed 
to maximize these social and emotional benefits, providing insights into their contribution to the holistic development 
of players. Addressing these gaps can lead to a more comprehensive understanding of SSGs’ multifaceted roles in 
soccer training, informing coaching practices and enhancing player development.

Conclusion

This study provides valuable insights into the perspectives and practices of professional soccer coaches regarding 
the use SSGs in training sessions. The thematic analysis of interviews revealed several key findings. Firstly, coaches 
emphasised the importance of SSGs in replicating match demands, fostering technical and tactical development, 
and promoting player motivation and engagement. Secondly, variations in SSGs, including adjustments in playing 
area, number of players, and constraints, were identified as essential for targeting specific fitness and skill compo-
nents. Thirdly, coaches outlined their strategic incorporation of SSGs within the planning and periodisation processes, 
highlighting their utilisation for different training objectives across the pre-season, regular season, and international 
breaks. Fourthly, diverse roles and meanings of SSGs within high-performance teams were elucidated, including 
their contributions to physical fitness, tactical understanding, decision-making, and team cohesion. Lastly, coaches 
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underscored the need for future research to explore areas such as the cognitive and psychological impacts of SSGs, 
the long-term effects on player development, the integration of advanced monitoring technologies, and the social and 
emotional dimensions of SSG participation. 

By synthesising these findings, this study contributes to the growing body of knowledge on SSGs in soccer 
coaching, providing practical implications for coaches and guiding future research endeavours in this field. Those 
current insights have multiple implications for coaching education programs and practitioners who may need to be 
prompted to reflect on how SSGs could be framed within a nonlinear pedagogy that prevents the use of SSGs in a 
prescriptive and rigid manner. We invite researchers across contexts to further explore this line of inquiry and position 
qualitative methods as a valid resource to examine how previous research and existent theoretical lenses are indeed 
permeating coaching practises (e.g., planning, periodisation, programming, instruction). 
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Abstract: 

Background: In the ever-evolving field of football analytics, understanding the factors influencing expected goals is crucial 
for gaining deeper insights into team performance. The aim of this study was to examine the effects of match conditions on the 
expected goals (xG) from defensive and offensive points of view in international elite football matches of the Greek national team.

Methods: Twenty-four (24) Greek national team matches during the period between 23 March 2019 and 14 November 2021 
were analyzed for the study. In these selected matches the Greek national team took 369 shots and conceded 174 shots, out of 
which scored 26 goals, and conceded 23 goals to their opponents. 

Results: Our findings suggest that situational variables such as time may influence expected goals (xG). More specifically, the 
Greek national team obtained higher expected goals for (xGf) during the second half of their matches compared to the first half. 
Zonal analysis of shots and goals revealed that central areas recorded more shots on goal in the analysis of both Greece and their 
opponents, but Greece favoured shooting from inside the penalty box more often than their opponents. 

Conclusion: The findings emphasize the need for match analysts and coaches to consider the impact of situational variables 
during assessments of data analytics, especially in future xG research.

Introduction 

Football is a relatively low-scoring sport and therefore unpredictable at match level, with singular and rare events such 
as a goal being scored having a much greater impact than in other team ball sports like basketball [1]. Therefore, it is 
common in football for the best-performing teams to sometimes lose a game, because although they may dominate 
in most measures of performance, their opponent may win the match by converting a single opportunity into a goal. 
This risk makes it difficult for coaches to make decisions during football matches, but in recent years, football analyt-
ics has attempted to improve decision-making and reduce the risk by providing data-driven analysis. 

One of the most widespread and insightful metrics within football analytics is expected goals (xG), first introduced 
by Sam Green [2]. xG is a statistical model used to estimate the likelihood of a shot resulting in a goal. It is based on 
a range of contextual information at the time the shot was taken that can affect its outcome, such as the position of 
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the shot, the angle of the shot, the type of pass that led to the shot, and the presence of defenders. This metric can 
be used as a measure of the offensive performance of a team or an individual player, and in its simplest form, this 
method involves calculating a team’s chances of scoring and conceding goals.

As discussed above, the topic of xG is relatively new to the football community, but a vast number of studies have 
been undertaken to date. Lucey and colleagues [3] were the first to estimate goal probabilities using event and posi-
tional data in their model, using 10.000 shots of the English Premier League. Rathke [4] examined factors associated 
with predicting xG during English Premier League and Bundesliga matches, however, without taking the positions of 
defenders and goalkeepers into consideration. The results showed that the variables of distance and angle together 
significantly impacted xG and that xG can support forecasting future performance. Brechot and Flepp [5] proposed to 
use the xG models for performance evaluation instead of match outcomes, which may easily be influenced by ran-
domness in short-term results. They introduced a chart built upon the concept of the xG by plotting the teams’ ranking 
in the league table against their rankings based on xG. Bransen and Davis [6] investigated the differences between 
xG models trained on men and women’s football event data. Results showed that although the xG models performed 
the same across the two environments, there were differences in feature importance between men’s and women’s 
games, as well as several in-game situations with xG differences, with women shooting from different positions than 
men and having a higher shot-to-goal conversion rate. 

Despite the fact that the expected goals metric is a very active area of research and has been used in research and 
commercial settings, the model has come under fire [7-9]. This is due to (a) the number of factors that need to be included 
in calculating xG, (b) the lack of defensive positioning of players in relation to game-specific actions, and (c) not taking 
into account renowned clubs/players’ performance during games. Although criticism is not without reason, the xG model 
is still seen as a valuable tool in predicting which players and teams will score and the likelihood of conceding goals [4].

Previous studies have identified that teams’ performance can be influenced by situational variables such as match 
location, time, match outcome, team quality, and/or competition stage [10-12]. Yet, a vastly underexplored topic in 
the context of xG is how these models are affected by the situational variables during football matches. Thus, the aim 
of the present study was to examine the effects of match conditions on the expected goals (xG), from a defensive and 
offensive point of view, in international elite football matches.

Material and Methods

Sample 

The sample consisted of n=24 Greek national team matches during the period between 23 March 2019 to 14 No-
vember 2021 in three different competitions, namely Euro 2020 Qualifiers (10 matches), Nations League 2021 (6 
matches), and World Cup 2022 Qualifiers (8 matches). During these selected matches, the Greek national team took 
369 and conceded 174 shots, out of which scored 26 and conceded 23 goals. Penalties were included in the study 
and assigned an xG value of 0.766 [13], which is the average conversion rate in the Bundesliga history. Free kicks 
and own goals were excluded.

The Regression Model

In order to calculate the expected goals for (xGf) and against (xGa) for the Greek national team, a logistic regression 
model was used that was first introduced by Shaw [14]:

xG = β0 + β1 x distance + β2 x angle + β3 x pressure + β4 x number of defenders.

The regression model included four independent variables:
  Distance: the direct distance between the ball and the center of the goalpost measured automatically from Hudl 

Studio (Hudl, NE, USA), after calibrating the pitch size. The accuracy of this technique was determined by comparing 
the length between the penalty spot and the goal line to the actual dimension (11m), as proposed by Schulze and 
colleagues [15]. Accuracy was within previously estimated acceptable ranges for positional data [16], with an aver-
age absolute error of 0.8 ± 0.3%. The reliability of the above technique was tested by re-calculating 43 randomly 
selected shots (approximately 10% of the total) manually. By using the visible references of the goal, the penalty box, 
and the penalty spot, the perpendicular distance between the ball and the goal line (x) and the horizontal line between 
the ball and the center of the goal line (y) were calculated, as shown in Figure 1. Moreover, using the Pythagorean 
theorem, the direct distance between the ball and the center of the goal line was calculated:
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The agreement between the automatic and manual measurements was tested with Cohen’s kappa. The yielded kappa 
value of 0.85 reflects a strong agreement between the two measurements and thus acceptable reliability of the tech-
nique used in the present study.
  Angle: the angle formed by the two lines drawn from the two vertical posts was calculated (Figure 1), where 

7.32m is the length of the goal. The result was converted into degrees as follows:

  Pressure: the defensive pressure exerted on the shot-taker, rated on a scale ranging from 0 to 5  [14].
  Number of defenders: the number of defensive players (including the goalkeeper) in a direct line from the shot 

position to the goal. In the example presented in Figure 1, the shot-taker confronted two defending players. 

z =  x 2 + y 2

tan= 7,32  x

x 2 + y 2 – ( )27,32
2

Figure 1. Definition and example of calculating shot distance, shot angle and number of defenders (AT: attacker, DF: defender, 
GK: goalkeeper)

Procedures

All shots for and against the Greek national team were observed in videos downloaded from Wyscout (Hudl, USA). 
An Excel (Microsoft, USA) spreadsheet was created to record the variables included in the model and the situational 
variables for each shot taken. The situational variables included:
1. Match location: the variable was recorded as “home” or “away”, depending on whether the Greek national team 

was playing on its own ground or the opponent’s [17].
2. Time 45: the variable was recorded as “1st half” or “2nd half”, depending on the half that the sampled team’s 

shot was taken [18].
3. Time 15: the playing time was divided into six periods of 15 minutes, i.e. “1-15”, “16-30”, “30-45+”, “46-60”, 

“61-75”, “76-90+”; the variable recorded the period when the sampled team took the shot [18].
4. Opponent quality: the variable recorded the difference in the FIFA ranking between the competing teams [19]. Teams 

were separated into 2 groups based on the Greek national team’s ranking (#45), published before the start of the 
Euro 2020 Qualifiers (released on 7 February 2019). Teams ranked higher than the Greek national team were catego-
rized as “Group A”; teams ranked lower than the Greek national team were categorized as “Group B” [20].

Statistical Analysis

The statistical analysis was performed in SPSS Statistics for Windows, version 26.0 (SPSS Inc., IBM, USA), and 
the statistical significance was set at 5%. Prior to the analysis, the assumption of normality was verified using the 
Shapiro-Wilk test, while the assumption of homogeneity for xGf and xGa was verified using the Levene test. Paired 
t-test was used for the comparison of the groups referring to match location (Home, Away), opponent quality (Group 
A, Group B), and time 45 (1st Half, 2nd Half). 

The mean number of expected goals for and against per match was compared among the six 15-minute periods 
using a series of non-parametric Kruskal-Wallis H tests, with p-values lower than 0.05 indicating significant time-
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period effects. Whenever a significant time-period effect was found, individual pairs of variables (xGf and xGa) were 
compared between the two time-period groups using a series of Bonferroni-adjusted Mann-Whitney U tests, with 
p-values of under 0.004 (0.05/15) indicating significant differences. Effect sizes (Cohen’s d) for between-period dif-
ferences were determined, with values of 0.20, 0.50, and 0.80 representing small, moderate, and large differences, 
respectively [21].

Results

The results for xGf and xGa are presented in Table 1. A paired sample t-test was conducted to compare xGf between 
1st Half and 2nd Half. There was a significant difference between the 2nd Half (mean=1.00, s.d.=0.82) and 1st Half 
(mean =0.69, s.d.=0.46). These results suggest that time does have an effect on xGf and specifically that the Greek 
national team obtained higher xGf during the second half of their matches compared to the first half. The remaining 
situational variables concerning xGf did not reveal any statistically significant differences in match location and op-
ponent quality. However, it should be mentioned that there was a trend to obtain higher scores when playing at home 
and when playing against weaker teams from Group B.

The results for xGa revealed a significant difference in the scores when playing against teams from Group 
A (mean=1.60, sd=0.70) compared to Group B (mean=0.81, s.d.=0.59). Furthermore, there was a signifi-
cant difference between the xGa in the 2nd Half (mean=0.64, s.d.=0.58) compared to the 1st Half (mean=0.39, 
s.d.=0.37). These results suggest that time and opponent quality do have an effect on xGa, i.e. the Greek national 
team suffered higher scores of xGa during the second half of their matches and when playing against a stronger op-
ponent. No statistically significant differences were observed regarding match location.

Note: M = Mean; SD = Standard deviation; * The mean difference is significant at the 0.05 level

Table 1. Statistics for expected goals for (xGf) and expected goals against (xGa)

xGf (M±SD) t-statistic p-value xGa (M±SD) t-statistic p-value
Home 1.97 ± 1.01

1.116 .288
1.12 ± 0.85

.557 .589
Away 1.43 ± 1.15 0.95 ± 0.59

Group A 1.44 ± 0.95
-.290 .779

1.60 ± 0.70
3.358 .010*

Group B 1.56 ± 1.17 0.81 ± 0.59
1st half 0.69 ± 0.46

-2.144 .041*
0.39 ± 0.37

-1.997 .047*
2nd half 1.00 ± 0.82 0.64 ± 0.58

The xGf and xGa for the 15-minute 
periods are presented in Figure 2. The 
Kruskal-Wallis H test showed a statisti-
cally significant difference in xGf be-
tween the six 15-minute periods (H(5) 
= 11.447, p = 0.043) but no significant 
differences were documented for xGa 
(H(5) = 6.317, p = 0.277). The post 
hoc Mann-Whitney U test revealed that 
xGf scores were significantly lower in the 
first 15-minute period (Md = 0.0650, n 
= 18) compared to the fourth 15-minute 
period (Md = 0.3050, n = 18), with U 
= 79.000, z = -2.647, p = 0.002, and 
a moderate effect size d = 0.62.

During the 24 matches studied, the 
Greek national team took 369 shots and 
scored 26 goals, while conceded 23 Figure 2. Expected goals for (xGf) and against (xGa) vs. 15-minute periods
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goals from 174 shots. Concerning the taken shots as presented in Figure 3, the zone analysis revealed that the ma-
jority of shots were taken from the central zone located in front of the penalty box (33.3%). Moreover, the two zones 
inside the box, close to the penalty spot, were largely used. Overall, the central zones were used more frequently by 
the Greek national team compared to lateral zones, in terms of shooting and goal-scoring.

From a defensive point of view (Figure 4), the opponents used the two zones outside the penalty box more often 
and more specifically the central zone located just in front of the penalty box (42.5%). As mentioned above for the 
attacking shots, the central zones were used more frequently in relation to lateral zones from the opponent teams, 
both concerning shooting and goal-scoring.

Figure 3. Scatterplot of shots and goal locations taken from the Greek national team

Figure 4. Scatterplot of shots and goal locations conceded by the Greek national team

Discussion

The aim of the present study was to examine the effects of match conditions on the expected goals from a defensive 
and offensive point of view in international elite football matches of the Greek national football team. 

Results suggest that time does have an effect on xGf and more specifically that the Greek national team obtained 
higher xGf during the second half of their matches compared to the first half. As mentioned above, to the best of our 
knowledge, no studies have examined xG based on situational variables during football matches. However, a large 
number of studies attempted to identify goal-scoring patterns through the temporal analysis of scoring occurrences 
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and presented that a greater number of goals were scored in the second half of matches [18,22,23]. Moreover, 
Alberti and his colleagues [22] examined the English Premier League, the French Football League 1, the Italian Serie 
A, and the Spanish Football League and suggested that goal-scoring patterns are not related to particular seasons or 
country-related styles of play. 

Moreover, the analysis revealed significant differences in xGa scores when playing against teams from Group 
A (mean=1.60, sd=0.70) compared to Group B (mean=0.81, s.d.=0.59). This indicates that the quality of the 
opponent had a notable impact on the defensive performance of the Greek national team. Furthermore, there was 
a statistically significant difference between xGa scores in the second half compared to the first half of matches. 
These results suggest that the Greek national team experienced higher scores of xGa during the second half of their 
matches. This finding suggests the possibility of fatigue, changes in defensive strategy, match context, or opponents’ 
change in their attacking strategy as the match progresses. Importantly, the study found no statistically significant 
differences in xGa scores based on match location. This suggests that factors such as home advantage or environ-
mental and atmospheric conditions did not have a significant impact on defensive performance in terms of xGa.

Concerning the analysis of time over a 15-minute period, a relationship between xGf and xGa and time of chance 
creation in the 24 matches analyzed for the study appeared, yet only xGf was found to be statistically significantly 
different when analyzed between the six 15-minute time periods. The findings of several studies support the conten-
tion that the majority of goals are scored late in each half, probably on account of fatigue, both physical [24,25] and 
mental [26], which accumulates as a match proceeds, leading to a greater number of technical failures [27]. Another 
reason could be the adoption of riskier attacking strategies in an attempt to change the current score [23,28]. It seems 
that the final fifteen minutes of the second half frequently represent a critical period in a match. Coaches should take 
this trend into account by reinforcing their team’s defense, especially if the team does not enjoy a score advantage, or 
by making attacking substitutions or alterations to their teams’ formation if they are looking to win games from a los-
ing or drawing score position. The Kruskal-Wallis H test showed that there was a statistically significant difference in 
xGf for the Greek national team between the six 15-minute periods but no significant differences were found for xGa. 
The post hoc Mann-Whitney U test revealed that xGf scores were significantly lower in the first 15-minute period com-
pared to the fourth 15-minute period, with a moderate effect size. Given the sample size for the study, it is advisable to 
continue this research across multiple teams for xGf and xGa, with a larger sample of matches in future study designs.

The remaining situational variables concerning xGf did not reveal any statistically significant differences in match 
location and opponent quality. However, it should be mentioned that there was a trend to obtain higher scores when 
playing at home and when playing against weaker teams from Group B.

With regards to the zone analysis for shots (for and against) and goals, the majority of shots on goal by Greece 
were taken from the central zone in front of the penalty box, accounting for 33.3% of the shots in total. The two zones 
inside the box, close to the penalty spot, between 6-18 yards away from the goal, were also heavily utilized. Overall, 
the Greek national team preferred the central zones for shooting and scoring goals, showing a higher frequency 
compared to the lateral zones. From a defensive standpoint (xGa), the opponents tended to use the two zones beyond 
the penalty spot more often (12-18 yards away), particularly the central zone just in front of the penalty box, which 
accounted for 42.5% of their shots. Similar to the attacking shots (xGf), the opponents also favored the central zones 
over the lateral zones for both shooting and scoring goals. Based on the number of shots taken (369) and conceded 
(174) across the 24 matches, it can be suggested that Greece adopted a proactive style of play that afforded them 
more than double the number of chances for (xGf) when compared to (xGa). However, we must observe that they 
only scored from ~7% (26/369) of their chances created, in comparison to ~13% (23/174) of shots from oppo-
nents resulting in goals. The discrepancy between the total number of chances for/against and goals scored could be 
because of the individual quality of the players taking the shot on goal, as well as the quality of goalkeepers involved 
in each match.

Limitations of study

There were many shortcomings in this study that should be noted. First, the analysis focused on 24 matches played 
by the Greek national team during a specific period. Expanding the dataset to include more matches across differ-
ent competitions and involving other national teams as well as investigating xG patterns across various club teams 
with different playing styles and tactical approaches could strengthen the generalizability of the findings. Additionally, 
the study relied on publicly available data, which may have limitations in capturing the nuances of specific match 
events. Access to more comprehensive performance data could allow a more detailed analysis of the relationship 
between situational variables and xG. By acknowledging these limitations, we recognize the need for further research 
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to build upon this initial investigation. Future studies addressing these limitations can provide a more comprehensive 
understanding of how various match conditions interact with xG across different teams and playing styles in elite 
international football.

Conclusion

This study investigated the influence of match conditions on expected goals (xG) in international elite football, fo-
cusing on matches played by the Greek national team. The results revealed a clear trend: the Greek team generated 
a significantly higher xG value during the second half compared to the first, highlighting the importance of maintaining 
or improving attacking strategies later in the game. Additionally, the final 15 minutes of the second half emerged as 
a critical period for xG, suggesting potential fatigue or tactical adjustments impacting both teams. While the study did 
not find significant effects of match location on xG, there was a tendency for higher scores against weaker opponents, 
aligning with previous research. Both the Greek team and their opponents primarily targeted central areas for shots 
and goals, underlining the importance of controlling the central midfield and penalty area. The study emphasizes the 
need for future research to incorporate a wider range of situational variables and teams to offer even more compre-
hensive insights for coaches and analysts working in international elite football.

Practical implications

The above results could be practically incorporated into training to aid players’ understanding and their needs, in 
particular how the offensive player takes a shot and how the defensive player should be positioned to defend this 
shot. The trend towards increased xGf in the final quarter of the second half suggests a potential window for tacti-
cal adjustments to maximize scoring opportunities. Coaches could consider introducing attacking substitutions or 
employing more aggressive tactics during this period to capitalize on this trend. The preference for central areas in 
both attacking and defending highlights the importance of controlling the central midfield and penalty area. Training 
exercises and tactical strategies can focus on maintaining possession and winning challenges in these crucial zones.
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Abstract: 

Background: Unremitting advancements in wearable technology provides female consumers a plethora of fabricated garments 
that claim to monitoring biological function. This systematic review examined current literature pertaining to smart technology 
sport bras fabricated to assess cardiovascular function. 

Methods: The Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) was utilized, and the review 
was registered in the International prospective register of systemic reviews (PROSPERO) within the National Institute for Health and 
Care Research (NIHR). A total of 949 articles were screened after using key search terms using the Covidence systematic review 
software. Articles were sourced from PubMed, SPORTDiscus, or Medline via OVID databases. 

Results: A total of 19 articles were examined for eligibility and was reduced to a total of three articles to be included in the 
review. The results from this systematic review highlight the paucity of commercially available sport bras capable of accurately 
examining cardiovascular function during rest and exercise, while concomitantly providing the necessary support and comfort 
requirements for females. Of the commercially available sport bras, the Berlei sport bras was identified as the most accurate for 
recording cardiovascular stress during resting, walking, and running conditions. The three studies included in this review demon-
strate strong potential for washable and flexible e-textile sensors with sufficient accuracy in pressure ranges that can be used in 
sport bras to monitor biological functioning. 

Conclusions: Future research should prioritize enhancing participant diversity in the examination of smart sport bras to ensure 
comprehensive inclusion of all body types. 
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Introduction

The comfort and support provided by undergarments worn by female athletes can play a significant role in their 
performance during sport [1].  For example, the literature examining weight bearing exercise, such as running, and 
its effect on breast discomfort in females, highlights ratings of exercise-induced pain that are significantly lower in 
females who use robust undergarments, compared to those using garments with minimal support [2]. Breast tissue 
discomfort arising from poor support can lead to injury if left untreated [1]. For this reason, increasing endeavors to 
support female athletes with proper fitting sport bras are at the forefront of sporting organizations to augment human 
performance [3].

The chest strap heart rate monitor is the most widely utilized consumer wearable device for examining cardio-
vascular function during rest and exercise [4,5]. Advancements in wearable technology that can examine biological 
function have significantly increased over the past decade. The manufacturing of these devices has also grown 
considerably to keep up with consumer demand, resulting in a joint European Initiative (Towards Intelligent Health 
and Well-Being: Network of Physical Activity Assessment – INTERLIVE) which provides consensus statements on 
best practice and recommendations for evaluating device validity and reliability [6]. The perpetual lack of equity and 
inclusion when examining the validity and reliability of these products in females has been emphasized [6]. Many 
sport bras are fabricated with a thick elastic band that is situated directly underneath the breast tissue during use. 
Thick elastic bands reduce breast tissue displacement by providing compression against the rib cage to secure both 
the sport bra and tissue. This band can range between 2.5cm to 5cm in width, which can cover from the xiphoid 
process to the upper abdominal wall. Although this band is deemed necessary for the efficacy of sport bras, in terms 
of the support they provide, it also provides challenges when using wearable technology, such as heart rate monitors. 
The location of these elastic bands inhibits the usage of chest strap heart rate monitors by females. In addition, the 
validity of cardiovascular monitors is significantly influenced by their proximity to the sternum/xiphoid process [7] and 
whether they cover breast tissue itself [8].  

A sport bra with integrated heart rate technology has yet to be deemed both reliable and valid during high intensity 
exercise, while also providing adequate support and comfort. Designing athletic apparel with integrated technology 
needs to account for a wide range of criteria, including physical comfort and breathability for the user, and appropriate 
support and protection for the technology; the materials used must be sufficiently rigid and flat [9]. An inevitable con-
nection between cardiac autonomic activity and subjective comfort of sport bras in studies of female athletes exists, 
as clothing pressure has shown to significantly reduce cardiac vagal activity [10]. This reduction in vagal modulation 
coincides with alterations in metabolic function during exercises [11], and suggests the significant impact a sport bra 
can have of psychophysiological function. 

Consequently, the material used in fabricating sport bras must remain comfortable during periods of high-intensi-
ty exercise and actively control the pressure around the chest to prevent interference with heart rate measurements. 
Breathable textile electrodes have been developed using a pad-dry-cure method that display washing cycle resistance 
and improves electrical conductivity in resting, walking, and running testing conditions [12]. Conductivity is generally 
a large issue for devices in operating the way users are expecting, such as simply measuring heart and breathing rates 
accurately. Furthermore, conductivity was a primary consideration for past work in female collegiate athletes showing 
that health screening procedures using questionaries and physical examinations typically display a low sensitivity to 
detecting cardiac abnormalities that are associated with sudden cardiac death and cardiac arrhythmias [13].

This systematic review examined current literature pertaining to fabricating sport bras designed to assess cardiovas-
cular function during rest and exercise, and to highlight their advantages and limitations to assist in future design efforts. 

Materials and Methods

The Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) was used as the protocol for the 
design of the review [14]. The PRISMA guidelines include a 27-item checklist considered to improve reporting trans-
parency, limiting the risk of publication and selection bias. This review was registered with the National Institute for 
Health and Care Research (NIHR) using Prospero (CRD42023391426) under the title “A Systematic Review of Com-
mercially Available Sport bras with Integrated Heart Rate Monitors.” The PRISMA flowchart is provided in Figure 1. 

Inclusion Criteria 
Studies were selected for the review if they met the following criteria: 1. Female individuals; 2. written in the English 
language; 3. original articles; 4. provided detailed information about sport bras design and capability of determining 
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cardiovascular health or sport bras fabricated with textiles to examine cardiovascular health; and 5. were sourced 
from either PubMed, SPORTDiscus, or Medline via OVID databases.  

Exclusion Criteria 
Studies were excluded if articles included the following: 1. sport bras designed solely for comfort and/or design, 
and not related to cardiovascular assessment; 2. written in any language other than English; and 3. summary-based 
articles. 

Information Sources 
An electronic search was conducted in November of 2023 that included all publication years (including and after 
December 2018). To minimize selection bias and to perform a comprehensive search, three databases were used 
including SPORTDiscus (1800–present), PubMed (1800-present), and Medline via OVID (1946–present). 

Search String 
Key search terms that were produced from reviewing previous literature and using several synonyms of the different 
forms of cardiovascular assessment were grouped and searched within the article title and abstract, and keywords 
using the search conjunction ‘OR’. Combinations of the following terms were used as search terms: ‘heart rate’, 
‘sport bras’, ‘monitor’, ‘cardiovascular’. 

Search Limits 
To provide a more accurate search, the following limits were selected: 1. English language, 2. humans, and 3. journal 
article, all publications including and after the year 2018. 

Study Selection
The titles and abstracts of the papers resulting from the search were independently assessed for relevance by two au-
thors. Full text articles were retrieved if the titles or abstracts contained any combinations of the key search terms and 
if the publications met the inclusion criteria while not satisfying the exclusion criteria. If there was uncertainty or dis-
agreements between the authors, it was resolved through a discussion between the two authors. A third author was 
consulted if the first two authors could not reach an agreement. The rationale for excluding articles was documented.

Data Collection Process 
This review was conducted using Covidence, a computer software program designed for supporting systematic 
reviews germane to health research [15]. Two authors were responsible for collecting and importing data into the 
computer software program for screening and extraction. Disagreements were discussed between the two authors. 
A third author was consulted if the first two authors could not reach agreement. 

Data Items
The following data were searched for from the articles that were included in the review: study methodology (study 
design and duration); the participant characteristics (age, height, mass); error between criterion method and pro-
totype sport bra for measuring cardiac function; association between criterion method and prototype sport bra for 
measuring cardiac function. The pad-dry-cure method used by Shathi et al. was used to measure the deposition of 
poly (3,4-ethylenedioxythiophene) polystyrene sulphonate (PEDOT:PSS) which was acquired on reduced graphene 
oxide (rGO) coated substrate using layer by layer (LbL) technique and ECG signals [12]. 

Risk of Bias of Individual Studies 
A modified Downs and Black scoring system [16] was used to assess the quality of the included articles in terms of 
the risk of bias between studies. All questions from the modified Downs and Black checklist were included and scored 
(as either 0 – not present in the article, 1 – present in the article, or UTD – unable to determine) relative to each eligible 
article. The question number from the original scoring system was maintained to provide clarity to the reader. Two 
reviewers decided upon the included questions prior to scoring the articles. The results of the modified Downs and 
Black scoring system are provided in Table 1.
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Figure 1. PRISMA diagram
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Navalta et al. 
(2020) [17]

Shathi et al. 
(2020) [12]

Schauss et al. 
(2022) [18]

Q1 Hypothesis/aim/objective clearly described    1 1 1

Q2 Main outcomes in Introduction or Methods                                                                                                      1 0 1

Q3 Patient characteristics clearly described                                                                                                    1 0 0

Q4 Interventions of interest clearly described    0 0 0

Q5 Principal confounders clearly described   1 0 0

Q6 Main findings clearly described    1 1 1

Q7 Estimates of random variability provided for main outcomes  1 1 1

Q8 All adverse events of intervention reported      0 0 0

Q9 Characteristics of patients lost to follow-up described  0 0 0

Q10 Probability values reported for main outcomes                                                                                          0 0 1

EXTERNAL VALIDITY  

Q11 Subjects asked to participate were representative of source population                                            1 UTD UTD

Q12 Subjects prepared to participate were representative of source population                                    UTD UTD UTD

Q13 Location and delivery of study treatment was representative of source population                      UTD UTD UTD

INTERNAL VALIDITY – BIAS & CONFOUNDING 

Q16 Any data dredging clearly described                                                                                                               1 1 1

Q17 Analyses adjust for differing lengths of follow-up                                                                                       0 0 0

Q18 Appropriate statistical tests performed                                                                                                          1 1 1

Q19 Compliance with interventions was reliable                                                                                                 1 1 1

Q20 Outcome measures were reliable and valid                                                                                                  1 1 1

Q21 All participants recruited from the same source population                                                                UTD UTD UTD

Q22 All participants recruited over the same time period                                                                             UTD UTD UTD

Q23 Participants randomized to treatment(s)                                                                                                     0 0 1

Q25 Adequate adjustment for confounding                                                                                                          0 0 0

Q26 Losses to follow-up taken into account                                                                                                      UTD UTD UTD

POWER

Q27 Sufficient power to detect treatment effect at significance                                                                    1 1 1

TOTAL 12 8 11

Table 1.  Risk of bias of individual studies

*UTD = Unable to Determine

Results
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Table 2. Study characteristics

 Study Sample Sport Bra(s) 
Examine

Textile Study Design Study Protocol

Navalta et al. (2020) 
[17]

24 Healthy females

Participant char-
acteristics (mean 
± SD).

Age = 22.2 ± 5.8 y 

Height = 174.6 ± 
9.9 cm

Weight = 71.2 ± 
14.4 kg

Adidas Smart Sport 
Bra

Berllei Sport Bra

Sensoria Sport Bra

Addidas (86% nylon, 
14% spandex, fabric 
heart sensors)

Berlie (47% polyam-
ide, 37% polyester, 
16% elastin, flexible 
plastic sensors)

Sensoria (74% 
polyamide 18% 
polyester, 8% elas-
tin, flexible plastic 
sensors)              

A test re-test study 
was utilized to 
examine the validity 
& reliability of each 
sport bra to record 
heart rate. 

Participants engaged in two 
14-minute treadmill exercise 
sessions. 

A Polar H7 chest strap heart 
rate monitor was used as 
the criterion method.

Each session included 
a 1-minute standing period 
on the treadmill, followed 
by a 3-minute self-paced 
warm-up walk. This was 
succeeded by a self-paced 
run and walk, each lasting 
5 minutes. Participants set 
their own pace, choosing 
a treadmill speed they felt 
they could sustain through-
out the 5-minute bout.

To ensure reliability, each 
bout was performed twice 
with participants wearing 
the same sports bra for both 
rounds. 
The speed for all trials was 
consistent with that of the 
initial bout. 
Between bouts, participants 
rested, sitting down until 
their heart rate was within 
10 bpm of their initial resting 
value before proceeded to 
perform the second bout. 

Each sport bra was exam-
ined separately.

Shathi et al. (2020) 
[12]

1 Female 

Participant Charac-
teristics (N/A)

Self fabricated sport 
bra. 

A graphene-based 
highly, conductive, 
flexible, washable, 
and breathable 
textile electrode
were developed 
using the pad-dry-
cure method and 
fabricated into the 
sport bra. 

The reduced GO 
coated textile elec-
trodes (rGO)
were coated with 
conductive polymers 
to develop highly 
flexible, washable, 
and breathable 
textile electrodes for 
health monitoring.

Design evaluation 
study of a prototype 
sport bra with fabri-
cated electrodes. 

Study examined its 
efficacy for record-
ing cardiac cycles. 

Three graphene-based elec-
trodes where fabricated into 
the sport bras at locations 
(LA, RA and V5).

A three-lead ECG was con-
nected to each graphene-
based textile electrode to 
examine components of 
a complete cardiac cycle. 

Medical electrodes were 
used as the criterion method 
for comparing signal quality. 

Continued ECG monitoring 
was performed during rest, 
walking, and running. 



A Systemic Review of Smart Technology...i

43Journal of Kinesiology and Exercise Sciences

Schauss et al. 
(2022) [18]

4 Females

Participant Char-
acteristics (mean 
± SD).

Age = N/A

Height = 170.2 ± 
4.25 cm

Weight = 59.5 ± 
2.1 kg

ARGONAUT sport 
bra.

A sateen woven 
electrode made 
of steel yarn was 
inserted into the 
weft direction of the 
sport bra. 

The electrode was 
fabricated using A 
TC2 digital Jacquard 
loom (Tronorud 
Engineering, Nor-
way) and AdaCAD 
software. 

Design evaluation 
study of a prototype 
sport bra. Study ex-
amined its efficacy 
for recording cardiac 
cycles. 

A three-lead ECG was con-
nected to each electrode 
to examine components of 
a complete cardiac cycle.

Two electrodes were woven 
into the front of the sport bra 
for direct contact against the 
upper chest. A third elec-
trode was woven into the 
front left of the support band 
of the sport bra. 

Participants performed four 
motions (sitting, arm flexion 
& extension, arm abduction 
& adduction, and walking). 

Each motion was completed 
for one-minute. A 30-second 
segment of data was ex-
tracted for ECG analysis. 

Medical electrodes were 
used as the criterion method 
for comparing signal quality. 

Table 3. Study outcomes

St udy Condition Error Reported Association Reported Signal to Noise Ratio

Navalta et al. (2020) 
[17] Addidas Smart Sport Bra

I. Rest
II. Warm-Up
III. Run
IV. Walk
V. All

Berllei Sport Bra
I. Rest
II. Warm-up
III. Run
IV. Walk
VI. All

Sensoria Sport Bra
I. Rest
II. Warm-up
III. Run
IV. Walk
V. All

MAPE (%)
4.45
9.32
13.57
9.56
10.56

MAPE (%)
0.93
0.78
0.58
0.61
0.66

MAPE (%)
2.26
5.32
4.00
1.91
3.40

ICC (95% CI)

0.79 (0.77 : 0.81) p < 0.001
0.60 (0.57 : 0.62) p < 0.001
0.53 (0.51 : 0.55) p < 0.001
0.57 (0.55 : 0.59) p < 0.001
0.66 (0.65 : 0.67) p < 0.001

0.99 (0.99 : 0.99) p < 0.001
0.99 (0.99 : 0.99) p < 0.001
0.99 (0.99 : 0.99) p < 0.001
0.99 (0.99 : 0.99) p < 0.001
0.99 (0.99 : 0.99) p < 0.001

0.97 (0.96 : 0.97) p < 0.001
0.70 (0.68 : 0.71) p < 0.001
0.63 (0.61 : 0.65) p < 0.001
0.96 (0.96 : 0.96) p < 0.001
0.84 (0.84 : 0.84) p < 0.001

N/A

Shathi et al. (2020) 
[12]

I. Rest
II. Walking
III. Running

ECG wave forms displayed 
similar quality to medical 
grade electrodes. N/A

Graphene-based electrode = 
21.6 dB

SNR was not affected by 
sweat.
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MAPE (%) = Mean absolute percentage error. ICC = Interclass correlation coefficient.  SNR = Signal to noise ratio

Schauss et al. 
(2022) [18]

I. Sitting 

II. Flexion/Extension

III. Abduction/Adduction

IV. Walking

ECG wave forms displayed 
similar quality to medical 
grade electrodes.

N/A

P-wave = 0.022 dB
Q,R.S waves = 0
T-wave = 0.356 dB

P-wave = 0.056 dB
Q-wave = 0.024 dB
R,S waves = 0
T-wave = N/A

P-wave = 0.022 dB
Q-wave = 0.06 dB
R,S waves = 0
T-wave = N/A

P-wave = 0.022 dB
Q-wave = 0.06 dB
R,S waves = 0
T-wave = N/A

Discussion

The purpose of the systematic review was to examine current literature pertaining to fabricating sport bras designed 
to assess cardiovascular function during rest and exercise, and to highlight their advantages and limitations to assist 
in future design efforts. Based on the included studies, each utilizing different textiles and sensors, we suggest that 
there is a lack of available sport bras that provide comfort and support, and accurate measurements of cardiovas-
cular functioning. 

Current advancements in textile development have led to using fabricated electrodes capable of recording bio-
logical functioning during daily living. Incorporating woven structures, such as dry electrodes within fabric, is now 
desired for its structure stability, increased surface contact area, and because they offer a variety of design options 
[19]. Schauss et al. designed a novel sport bra using a sateen woven electrode made of steel yarn that was integrated 
in the weft direction [20], with each sensor being fabricated using A TC2 Digital Jacquard loom (Tronrud Engineering, 
Norway) and AdaCAD software [21]. This study found that compression garments closest to the skin must have 
a high neckline to allow for sensor attachment below the clavicle. When examining the accuracy of the bra for re-
cording cardiovascular function during different movements like shoulder flexion/extension and shoulder abduction/
adduction, they observed comparable recordings in R peaks within the ECG waveforms compared to traditional 
adhesive electrodes. However both P and T waveforms were easily affected by motion artifact noise (poor electrical 
connection between the electrode and ECG) in the system and deemed less effective than traditional ECG [21] Due 
to the constraints posed by the size of the garment, data collection was limited to a single participant. Consequently, 
this study failed to consider the possible effects that factors which vary considerably between people, such as breast 
size and body composition, have on comfort [22] and heart rate measure determination using this type of wearable 
technology. Additionally, the limited sample size made it impossible to examine the between-participant reliability of 
the garment in terms of its ability to record cardiac autonomic activity. Pulling a sport bra over the head, as is typically 
performed for many existing designs on the market, may place too much strain on the technology within a wired de-
sign. This could negatively impact the signal quality. This suggests that vigorous or high-intensity exercise where in-
creased vertical breast tissue displacement occurs may place excessive strain on the material of the garment, thereby 
effecting the accuracy of sensors for recording cardiac autonomic activity [23]. Therefore, two closure mechanisms 
were tested, a front zipper mechanism and three snaps at the back of the bra. The front zipper was shown to interfere 
with the sensors and decrease signal quality, while the mechanism with three snaps at the back of the bra showed 
clear signalling and identification of peaks in the ECG signals. Although this mechanism was more difficult to put on 
the body and remove from the body, this garment iteration was used instead of the zipper mechanism. Moreover, the 
durability of the fabrics used in sport bras requires further study, including how they hold up during frequent wash-
ing. Future advancements in sport bra design should prioritize inclusion for females of various weights, sizes, and 
physical capacities. Including females in the process of designing, developing, testing, and assessment of sport bras, 
will ensure that these important issues are considered. Additionally, further research addressing gender disparities in 
the design of wearable technologies and textiles is crucial to enhance accessibility to accurate cardiovascular data, 
particularly for individuals engaged in sports and strenuous physical activities.
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Emerging pad-dry-cure methods have become increasingly popular for developing textile electrodes to use in 
sport bra designs. Graphene-based textiles with enhanced breathability offer advanced opportunities for fabricating 
sport bras. Furthermore, these textile electrodes are capable of withstanding repeated washing, a significant ad-
vancement over metal electrodes which often provide low binding ability in addition to skin irritation [24]. Shathi et al. 
designed a novel sport bra utilizing a 3,4 – ethelenedioxythiophne polystyrene sulfonate (PEDOT:PSS) and graphene 
oxide (GO) solution to examine cardiac autonomic activity during rest, walking, and running. They reported that the 
electrical conductivity (measured in ohms) of the graphene-coated textile electrodes was improved from 3.5M to 
400 ± 5.0 k for 12 padding passes, which means the dyeing process was repeated 12 times until a significant 
coating of graphene oxide and the required electrical conductivity was achieved. Furthermore, these graphene-coated 
textile electrodes using the pad-dry-cure method demonstrated improved structural stability during washing cycles 
and maintained conductivity during increased sudomotor responses where participants had elevated sweating. With 
respect to the accuracy of the graphene-coated electrodes for recording cardiac autonomic activity, the textile-based 
ECG electrodes from the sports bra was comparable by image of the signal to the ECGs of healthy individuals using 
medical electrodes. The authors warned that further analysis is required given that there were inconsistencies in the 
individual cardiac waveforms documented. Additionally, the authors did not provide any insights into determining the 
parameters for sizing and usage of sport bras in female sports. For prototypes to be accessible on the market, sizing 
for all females must be considered. 

When examining the validity and reliability of commercially available smart bras that are fabricated with textiles 
for examining cardiovascular stress, there remains limited evidence for their efficacy. Navalta et al. examined three 
commercially available smart bras (Adidas Smart bra, the Sensoria fitness biometric bra, and the Berlei sport bras) in 
24 healthy females. The validity and intra-reliability of each bra was examined during rest, walking, and running condi-
tions. The Adidas Smart sport bras demonstrated reliable measurements only under resting conditions with an intra-
class correlation coefficient (ICC) of 0.79 and a mean absolute percentage error (MAPE) of 4.5%. The Berlei sport 
bras demonstrated high reliability across all conditions, with an impressive ICC of 0.99, and high validity with a MAPE 
of 0.66%. In contrast, the Sensoria biometric bra was deemed valid only under resting and walking conditions, with 
a high ICC of 0.96 and a MAPE of 1.9%. The authors concluded that the Berlei sport bras was the most reliable and 
accurate across all conditions, making it a suitable option for consumers. However, an important limitation of this 
study is that the menstrual cycle of participants was not taken into account in terms of its impact on breast position 
and size [25]. The effect that menstrual cycle phase might have on the validity and reliability of the measurements 
reported by Navalta et al. remains unknown. 

Future studies should consider incorporating technology such as heart rate monitors into the sport bras being 
tested, and for assessing females with a range of body and breast sizes. A lack of consideration for different body 
sizes seems to be the overarching limitation in the few studies that have been completed related to this work to date. 
Accommodating for different chest sizes to achieve properly fitting sport bras is one of the most important factors for 
many females shopping for sport bras on the market. 

Sport bras provide large compression forces on the thoracic cavity that have shown to significantly influence 
cardiac autonomic activity in young, healthy females [10]. This observation is consistent with previous literature, and 
suggests that female undergarments may adversely impact cardiovascular health [26]. It is recommended that the 
clothing pressure of point H (the lateral side of the bust line), a focal point for demonstrating the overall pressure on 
the chest area [10], should range between 2.01 kPa and 4.74 kPa. These findings are important clinically because 
reductions in heart rate variability have been associated with predictors of all-cause mortality [27]. However, different 
body types must be considered when fabricating sport bras for women. Yan et al., notes that the 35 women who par-
ticipated were similar in shape which conformed to 160/84A size which translates to the term “small” in US women’s 
clothing. In addition, only three bust sizes (66cm, 64cm, and 62cm) were represented. These measurements ap-
proximately translate to a 26A, 28AA, and 26AA respectively in terms of breast size. Globally, the average female 
breast size has increased over the past 25 years. In the USA alone, the current average breast size is 34DD, a large 
increase from a 34B since 1998 [28]. This dimension translates to a chest measurement of approximately 74-76cm. 
It is important that a range of bust sizes and chest sizes for different women are considered in research and the sport 
bra design process. Most recently, the practical significance of clothing pressure affecting cardiorespiratory function 
in female athletes, was established by Kipp et al.. who demonstrated that respiratory function can be compromised 
by the pressure exerted by the under band of a sport bra. This study identified a reduction of two percent in oxygen 
consumption due to the pressure exerted on the thoracic cavity. It was estimated that this pressure would translate 
into a three-minute difference in marathon time [29]. Pressure exerted against the thoracic cavity has also been high-
lighted as the most common complaints for women wearing sport bras [30]. 
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Conclusion

The results of this systematic review highlight the paucity of commercially available sport bras that are capable of 
accurately examining cardiovascular function during rest and exercise, while concomitantly providing the necessary 
support and comfort required by females. The three studies included in this review demonstrate strong potential for 
washable and flexible e-textile sensors and accuracy in pressure ranges that can be used in sport bras to monitor 
biological functions within the human body. Future research should prioritize the assessment of a more diverse range 
of designs of smart sport bras to ensure that all body types are included. Sizing and function of these bras should also 
consider changes in breast size and behaviour that may occur during each phase of the menstrual cycle.
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Abstract: 

Background: The paper focuses on the continuous professional development of sports coaches, and the role of informal 
education and coach developers. Special attention is devoted here to the coach training and development system in Poland. The 
paper aims to indicate the need for strong support for both informal coach education and the important role of coach developers 
in professional coach development in Poland and worldwide. 

Methods: An analysis of secondary data on the system of sport training and continued professional development in Poland 
was applied. Primary research data on Polish Olympic and Paralympic national team coaches (13 sports), their qualifications, 
competencies, and views on their continued professional development were also used. The study covered 103 coaches in Olympic 
or Paralympic sports. The national team coaches surveyed also conducted a self-assessment of their professional development 
needs, opportunities, and challenges. The method of balance of competencies based on data documenting the stock of knowl-
edge, experience, and social competencies acquired in the learning process of the surveyed coaches was applied. 

Results: It was found that after completing their formal education, the coaches declared participation in various types of 
continuous professional development courses and training, while the most valued forms of continued professional development 
included informal learning, and sharing experiences and good practices with other coaches.

Conclusions: The data supports the need to educate more sport coach developers and introduce them to the professional 
coach development system to guide coaches and facilitate their knowledge and competence acquisition. Particular in the area of 
Paralympic sports development.

Introduction

The current level of professionalisation in the sports sector requires that a significant amount of focus and attention be 
given to the education and development of training staff, among whom coaches play a key role. The sporting perfor-
mance of individual athletes and/or teams, as well as the clubs’ financial standing, depend on coaches’ qualifications 
and competences. The improvement of sporting performance and athletic development are, according to coaches, the 
main measures of coaching success [1]. Operating in this result-oriented sports environment and cooperating with the 
numerous actors in this field of social reality requires high-level qualifications and competences; their development is the 
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primary goal of the coaching education and professional training system. Frameworks for defining qualifications began 
to be developed to help understand the international context of coach work and education [2-5]. The application of meth-
odology in developing educational programs, along with increased interest in professionalizing coach education, laid the 
groundwork for the formation of coach developers [6-10]. Based on the results obtained, it was found that after complet-
ing formal education, the surveyed coaches declare participation in various types of workshops, courses and training. The 
study showed that coaches most prefer to exchange experiences with other coaches. This is particularly significant for the 
development of Paralympic coaches [11]. Therefore, a more precise understanding of the role of coach developers, the 
possibilities of facilitating the learning process in non-formal and informal education settings by professionally prepared 
educators in the sports sector, is essential for the effectiveness of building coach education systems.

In this paper, we intend to highlight new trends in the continuous professional development of sports coaches 
(especially in competitive and professional sports) in Poland and around the world,  and the role of experts such as 
coach developers [12] in the process. We also present conclusions from the study of competencies and qualifica-
tions of coaches of Polish national teams in Olympic and Paralympic sports in the light of the coaches’ continuous 
professional development. As an introduction to the deliberation on coach developers’ significance and functions, the 
evolution of the sports coaches’ education system in Poland and its changes will be briefly presented, especially after 
the profession was deregulated in 2013.

Material and Methods

An analysis of secondary data on the system of sport training and continued professional development in Poland 
was applied. Primary research data on Polish Olympic and Paralympic national team coaches (13 sport disciplines), 
their qualifications, competencies, and views on their continued professional development were also used. The study 
covered 103 coaches in Olympic or Paralympic sports. The surveyed national team coaches also conducted a self-
assessment of their professional development needs, opportunities and challenges. The method of balance of com-
petencies based on data documenting the stock of knowledge, experience and social competencies acquired in the 
learning process of the surveyed coaches was applied. 

To verify the significance of differences between the examined groups, parametric t-Student and non-parametric 
U Mann-Whitney tests were used. Additionally, the relationship between the variables under investigation was ana-
lyzed using Pearson’s correlation coefficient. Responses to open-ended questions were subjected to categorization 
and subsequently coded. Descriptive statistics were computed for the variables, including data range, mean, and 
standard deviation for normally distributed results, as well as median, quartiles, and coefficient of variation.

Education of sports coaches in Poland

Poland has a long tradition of educating sports coaches and instructors, dating back to the interwar period [13]. It was 
between WWI and WWII that the first coaching schools and courses for sports instructors were established in Poland. 
After World War II, the development of coaching education also continued under the socialist formula of complete 
state control over sports, and the profession of sports coach was recognised in Polish law as early as 1953. “The 
omnipotence of the socialist state manifested in its entirety in the sphere of physical culture and competitive sport”, 
and concerned the prevailing ideology and policy, state ownership of sports facilities and equipment, and the central 
financing of sport under state and sectoral patronage [14].

The development of sports coaches’ training is a process that is constantly changing in response to the in-
creasing demands and expectations in the world of sports. With this process, educational programmes and training 
institutions1 were developed to ensure a high level of coaching preparation. Coaching teams were trained mainly by 
state-funded national and non-commercial sports associations, covered by the aforementioned sectoral (military, 
police, mining, metallurgy, etc.) patronage of league competition between clubs.

The formally regulated coaching education system in Poland focused on providing coaches with solid theoretical 
knowledge [15-17]. This included the knowledge of the physiological fundamentals of human body functioning, exercise 
physiology, training theory, and other theoretical foundations of sports science.. Due to the concept of physical culture 
sciences which were developed in Poland and many other socialist countries (encompassing not only the narrower 

1 Academies of Physical Education are one example of Polish higher education institutions that train coaches and which offer sports 
coaching degree programmes. The Polish Olympic Committee also played an important role in the development and training of coaches, 
as did the Central Sports Centre. Each sport in Poland had its own sports federation, which was responsible for the training of coaches in 
its specific discipline. The federations organised coaching courses and practical training for future coaches. The Coaching Academy was 
established at the Sports Institute.
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scope of sports science, but also e.g. physical education, and socio-pedagogical aspects of the work of sports coach-
es and instructors, physical recreation, and physical education teachers) in the education of physical culture special-
ists from several physical education academies in the country, attention was paid to adequate pedagogical, moral, and 
social preparation in addition to the formation of the so-called hard competences [18-20].

Despite the fact that Poland entered free-market capitalism after 1989, the general framework and principles of 
the coaches’ training system remained largely unchanged for many years (until the deregulation of the profession 
in 2013). The training system was still centralised and there was a highly regulated certification system for sports 
coaches and instructors. The Sports Act of 25 June  2010 [21] defined professional titles of a certified sports coach 
and instructor for the sports, governed by Polish sports associations. Certification levels were also defined as Class 
2 Coach, Class I Coach, and Master Coach (Article 41).

The minimum time and content of specialised courses were set out in the Ordinance of the Sport and Tourism 
Minister on the detailed conditions for obtaining professional qualifications in sports  of 18 February 2011, as 
referred to in the Sports Act. The Class 2 coaching course lasted 400 hours, with 300 hours devoted to sport-
specific classes (including 30 hours of internship), and the remaining 100 hours were devoted to core and spe-
cialist subjects, particularly sports theory and methodology, physiology, biochemistry, biomechanics, nutrition, 
pedagogy, psychology, management and marketing, and first aid. Panfil et al. [22] point out that although stable, 
this long-established tightly regulated system of coach education was not without its flaws and was characterised 
by the fact that the educational content was largely unified for all learners and paid little attention to specific as-
pects unique to each sport; many of the differences between e.g. gymnastics, rowing, judo, tennis or basketball 
were ignored; the differentiation of knowledge and skills acquired by coaches in their advancement to the next 
certification level was mainly of quantitative nature; certification courses did not take into account the different 
approaches required when working with adults compared to working with children and youth, or high-performance 
athletes. The authors also pointed out that teaching was mainly focused on the biological aspects of training, while 
the social aspects of the coach’s work were somewhat neglected (regardless of the recommendations for strong 
pedagogical, moral, and social preparation mentioned earlier). Regarding teaching methods, coaches were mainly 
educated through directive methods such as instructing, teaching, and training. Methods such as tutoring, coach-
ing, and mentoring, as well as the function of the coach developer, which is the focal point in this paper, were not 
discussed as relevant teaching tools.

This imperfect but reasonably safe and stable system of educating sports coaches and instructors (the system of 
awarding qualifications in the sports sector) was deregulated in 2013 [23]. Following the deregulation of the profession 
of sports coach and instructor in Poland, Polish sports associations gained independence in defining coaching grades 
and requirements for those who aspired to a sport coach. In sports governed by Polish sports associations, a person 
applying for a coach and/or instructor certificate must now be at least 18 years old, have graduated from a second-
ary school, and have the knowledge, experience, and skills necessary to work as a sports coach or instructor and not 
have been convicted of an intentional offense [23]. The amendment also cancelled the obligation to obtain permission 
from the Ministry of Sport and Tourism to organize  specialised courses for coaches and instructors. This means that 
in Poland, any private entity can now organise such educational undertakings, and train sports coaches and instruc-
tors according to their own, preferably low-cost, standards. The deregulation of the professions of sports coaches and 
instructors has opened up the profession further and led to an increase in the number of certified  sports coaches and 
instructors in Poland. In 2021, 33923 sports coaches were registered across the country [24]2. This is more than three 
times the number of people working as coaching staff than in 2012, when the sports coaching profession was still 
formally regulated. The quality of their specialist training certainly varies, and a certificate of training as a sports coach 
or instructor is not  a guarantee of good professional preparation. Polish sports associations themselves pay attention 
to the quality of the training system, especially for sports coaches. They train coaches according to the requirements of 
European and world sports organisations and run strict certification systems  allowing coaches to work in professional 
sports leagues. Sports associations exercise a very high degree of autonomy in this respect and can create autonomous 
(although usually linked to the certification requirements of European sports federations) certification or licensing sys-
tems, and determine the competences necessary to work as a sports coach in a given sport.

The changes resulting from the deregulation of the professions of sports coach and instructor in Poland, pose 
threats to maintaining educational quality, and, at the same time, provide opportunities to improve the training and 
foster professional development processes in sports coaching. They have also certainly highlighted the necessity to 
check and validate the qualifications and actual competences of candidates for the profession of a sports coach.

2 The number of people in possession of an active sports coaching licence.



The Role of the Coach Developer in the Development...i

51Journal of Kinesiology and Exercise Sciences

New perspectives for sports coach education

Following the deregulation of the professions of sports coach and instructor in Poland in 2013, it was necessary to 
structure qualifications in the sports sector based on new criteria defining who can become a coach or instructor. 
There are differences in the requirements for training and coaching qualifications both between countries and be-
tween different sports organisations, and training providers offer a variety of programs for the development of sports 
coaches. Coaches can acquire competences through formal education, as well as through non-formal and informal 
learning. The situation in the European Union countries with regard to systems for the recognition and validation of 
non-formal and informal learning also varies. There is a growing popularity of educated people to effectively and ef-
ficiently support different forms of learning for sports coaches.

Research among sports coaches on how they acquire the knowledge that informs their professional practice 
shows that they learn their craft best through formal, informal, and non-formal learning [25-28]. Formal learning in-
cludes structured training methods, such as courses organised by higher schools, universities, or school programmes 
leading to a certificate of  completion [29]. As the name suggests, this type of learning is generally highly structured 
in terms  of objectives, curriculum, and attendance requirements and is usually designed to enable the achievement 
of formally recognized, prescribed, and predetermined outcomes designed to meet competency-based requirements 
[28]. Formal learning is characterized as occurring within an institutionalized, tiered, and hierarchically organized 
educational system. This involves the implementation of formal curricula, where admission prerequisites for universi-
ties are established, attendance is mandatory, and completion is validated by a certificate following a summative 
examination. Educational activities falling within this definition encompass certification programs for sports coaches 
developed by national bodies for sports management, and higher education courses in sports and coaching sci-
ences. Historically, most coach education initiatives have entailed formal instruction in classroom settings [30].

In the realm of learning, the concept of informal education unfolds without a singular, all-encompassing defini-
tion. Instead, in the present understanding, it unfolds beyond the confines of formal educational systems. It takes on 
a predominantly unstructured nature, devoid of the pursuit of formal qualifications, and often emerges as a product 
of random everyday encounters. Informal learning is organized through various channels: the written word, internet, 
television, public lectures from experts, relevant programs and documentaries and personal interactions, shared sto-
ries, a wealth of knowledge is transferred from  one generation to the next. Learning by doing, a cornerstone of informal 
education, allows individuals to acquire skills, problem-solving abilities, and practical insights that might elude formal 
instructional settings.

In this narrative of informal learning, the boundaries blur, and education becomes a tapestry woven from the threads 
of diverse experiences, personal connections, and the ever-evolving journey of exploration [31,32]. Learning takes 
place in a wide variety of socio-environmental contexts, most of which take place outside of specialised formal learn-
ing institutions. Okoń [33] refers to this as incidental learning.

Non-formal learning methods typically apply short-term educational approaches such as workshops, lectures, 
or symposia [34], leading to obtaining new competences confirmed formally by a certificate of participation. These 
include various types of sports coaching conferences, seminars, workshops, and clinics.

Duarte and Culver [35] conducted a number of interviews with sailing coaches and recorded their complex 
stories on how they acquired knowledge and skills, which focused particularly on the role of training through 
non-formal educational channels. A study of the qualifications and professional competences of 103 sports coaches 
of Polish national teams in Olympic and Paralympic sports representing 13 sports and 28 training managers of Pol-
ish sports associations [36]3 showed that sports coaches gained the most benefit from exchanging experience with 
other coaches, and joint training with sports science theoreticians and practitioners. The surveyed sports coaches of 
the Polish national team in thirteen Olympic and Paralympic sports were unanimous about what forms of education 
they considered the most beneficial for their professional development. They declared these to be ‘non-formal training 
and self-learning’ as well as ‘participation in multi-day training courses for sports coaches’ (Table 1). Coaches at the 
highest levels of their careers in Poland were most willing to use forms of education that involved the exchange of ex-
perience and interaction with other coaches. This form of education is most effective when supported by a competent 
coach developer equipped with solid facilitation skills [12, p.22].

3 Doctoral thesis by Piotr Marek (2021) “Professional competences and qualifications of coaches of Polish national teams in Olympic 
and Paralympic sports”, University of Physical Education in Warsaw. The studied group  of national team coaches covered 13 sports: 
equestrianism, canoeing, cycling, athletics, archery, swimming, weightlifting, shooting, fencing, tennis, table tennis, rowing, and sailing. The 
study applied, among other  things, the competence balance method based on data documenting the knowledge, experience, and social com-
petences learned by the sports coaches studied. The coaches also self-assessed their competences and professional development needs.
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Strengthening the non-formal exchange of practices between sports coaches (for both Olympic and Paralympic 
sports) was identified by the coaches included in the study as key to developing their professional skills. Information-
sharing platforms, meetings, and workshops that allow coaches to share their experiences can be an effective tool for 
continuous professional development.

The role of a coach developer in the continuous professional development of sports coaches

Non-formal education includes education and training delivered through programmes that do not lead to a full qualifi-
cation but can be validated, accumulated, and transferred in the course of obtaining a qualification [37]. Dewey [38] 
pointed out that we do not learn from experience but from reflecting on that experience. One model for such reflective 
learning is that proposed by Kolb [39], referred to as ‘The Experiential Learning Cycle’. Kolb’s model involves treating 
and understanding learning as a process of accumulating experiences that lead to changes  in behaviour. Experiential 
learning during training involves offering participants an experience, having them reflect on it, analyse it, and apply 
what they have learned. Kolb’s experiential learning cycle includes elements such as concrete experience (analysing 
one’s own work experience), reflective observation (working with a trainer-moderator), abstract conceptualisation 
and generalisation (summarising in connection with theory and feedback from the trainer-moderator), and active ex-
perimenting and testing the acquired knowledge in practice. The Kolb model is particularly relevant in the areas where 
learning occurs through experience. The education of sports coaches is the area where practices derived from adult 
learning models should be particularly applicable. The introduction of such innovative teaching methods into the edu-
cation and  professional development of sports coaches should be left to coach developers. The term coach developer 
encompasses a variety of roles played by those involved in the process of developing sports coaches. These roles 
differ from those of lecturers, academic teachers, or even coaches using conventional teaching methods (lectures, 
workshops). Coach developers are trained to develop, support, and encourage other sports coaches to continually 
learn and improve their knowledge and skills to provide a positive and effective sporting experience for all sports 
participants. A coach developer is an individual who has undergone training and taken an examination confirming 
their readiness to work as a learning facilitator, presenter, mentor, and assessor of the competences of sports coach 
candidates. A coach developer is also capable of supporting the development of experienced trainers and experts, 
evaluating them, and encouraging them to take responsibility for their continuous development. He or she should 
exemplify best practices, and apply reflective thinking skills expressed through well-thought-out techniques that en-
able sports coaches to ‘immerse’ themselves in their thoughts and analyze their coaching practice. Coach developers 
consciously use the Kolb’s cycle of experiential learning. They can (and this is their main role) help sports coaches to 
become self-improving coaches by teaching them how to learn, and reflect upon what they are doing [3].

Relevant to the work of a coach developer are competence standards, which define how coaches should perform 
their work or their designated professional roles so that their skills can be assessed  as objectively as possible. Given 
the diversity of sports, countries, and socio-economic circumstances in which sports coaches work, it is particularly 

Table 1. The most beneficial forms of coach education according to the surveyed coaches of national teams [36]

* (the lower the average value, the higher the ranking)

No Coaches’ opinion Olympic
sport

Paralympic
sport

Test
t-Student

Mean SD Mean SD t p

1. non-formal exchange of practice with other coaches 2.0 1.2 2.3 1.4 -1.053 0.296

2. participation in multi-day training for
sports coaches

3.0 1.7 3.1 1.3 -0.105 0.917

3. participation in scientific conferences 4.6 1.8 4.4 1.7 0.548 0.585

4. formal study programmes in sport sciences confir-
med by a diploma

5.6 1.9 5.6 1.8 -0.125 0.901

5. formal courses improving sports coaching qualifica-
tion

5.0 1.5 5.5 1.6 -1.301 0.197

6. self-learning 4.1 2.0 2.5 1.8 3.384 0.001

7. online courses (e-learning platforms) 6.6 2.0 6.8 1.5 -0.615 0.540

8. delivering training/training other coaches/teaching 
others

5.1 2.6 5.7 2.1 -1.061 0.292
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difficult to compare the levels of professional training of different coaches. It is difficult to create a single guideline for 
all countries, and it is virtually impossible to encourage them to use the same terminology and standards for qualifica-
tions. Therefore, a framework for defining qualifications is now being developed in order to help understand the interna-
tional context of the conditions of sports coaches’ work and education [2-5,27]. It is becoming increasingly important 
to ensure that developers of coaching education programmes provide the knowledge to develop high-quality sports 
coaching curricula and to use professional competence, experience, and pedagogical and andragogical approaches 
during the education process.

Results

The sports sector needs coach developers who are confident in their professional, interpersonal, and intra-
personal knowledge and possess the ability to facilitate sports coach learning [40]. This means that a person 
gaining knowledge from a coach developer will use the newly acquired information and combine it with skills and 
knowledge that they already acquired in order to cause a lasting change in his/her daily work mode as a consequence. 
The main role of a coach developer is to see to the development of his or her key competences as relevant for a given 
sport. He or she helps to define educational material for improving coach development systems.

The contemporary interest in developing research ideas related to the work of coach developers is evident in 
a growing number of publications and initiatives such as the ICCE-Nippon Sport Science University Coach Developer 
Academy, which provided an internationally recognised training programme for coach developers for six years [40]. 
Between 2014 and 2020, the Japanese government supported the coach development initiative by establishing the 
Coach Developer Academy. It brought together individuals who, after formal verification of the required documents 
(including, but not limited to, validated qualifications in a given sport, evidence of developing educational programmes 
for sports coaches, and documented educational activities conducted for other sports coaches), were invited to 
participate in a coach developer training programme4 designed according to the International Coach Developer Frame-
work [12]. Two people from Poland qualified for this programme for 2016-2018, becoming the first ICCE-certified 
coach developers in Poland according to the international standard and validation methods. This resulted in the imple-
mentation of newly learnt methods into educational programmes developed by the Institute of Sport at the Polish Na-
tional Research Institute with the support of subsequent coach developers who confirmed the qualification standards 
based on the International Coach Developer Framework guidelines [12]. Based on the educational materials of the 
International Council for Coaching Excellence, a training programme for representatives of Polish sports associations 
was developed to build a cadre of Polish education specialists in the sports sector.

The way coaches who train other coaches can model an approach to educating their colleagues, and base it on 
identified competencies relevant for coaches and goals set by the organisation, can become a future direction for 
research and development of coach development that serves to professionalise coaching staff. This way of learning 
connects coach development around the world and is becoming increasingly popular. It is about focusing on experi-
ential learning using adult learning principles of the LEARNS model [41]. The expansion of this acronym reveals a way 
of coach development based on the principles applied in the delivery and planning of coach development and educa-
tion. It is recommended that the education programme places the one who wants to learn at the centre (L – learner 
centred). It is a learner-centred strategy in which learners are placed in a well-thought-out and selected environment 
(E – environment), are involved in the learning process (A – actively involved), and have the opportunity to apply their 
knowledge and skills in a workshop setting. This also includes reflection (R – reflect) before, during, and after the train-
ing. The model involves extracting or providing new knowledge (N – new) to demanding sports coaches so that they 
feel more valued and involved in their development. Training programmes should also embrace what may go beyond 
the existing coaching experience (S – stretch) [41].

Discussion

Understanding generational change in a dynamic world means changing the forms of learning, especially for adults. 
Learning by doing, talking, and interacting with other people is becoming increasingly important, and the typical forms 
of academic lectures are becoming less accepted. Much of the knowledge acquired by sports coaches is acquired 

4 The educational programme was of a mixed nature. It consisted of online self-education prior to arriving at the compulsory resi-
dential training at Japan’s Nippon Sport Science University. In order to obtain a ICCE Coach Developer certificate, it was necessary to 
document educational practice with other coaches, consistently fill in reflection notes according to the ICCE template and guidelines. The 
course lasted 24 months and culminated in a certificate of competence as a coach developer according to the ICCE qualification standard.
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through ‘observational practice’, followed by experiential learning and mentoring. Research findings confirm that 
sports coaches mainly learn on the job [42-44]. The process of changing behaviour and applied coaching practice in 
learning is particularly difficult if it is not supported and comprehensive. Coach developers have access to a number 
of strategies to support coach reflection and development and are able to use their skills. Effective sports coaches 
transform experience into knowledge through the reflection process [45]. In order to promote learning opportunities, 
it is therefore important to ensure that the learner-coach is more likely to be exposed to more advanced methods than 
shadowing and observing. The coach developer can be the one who provides optimal encouragement and learning 
opportunities.

The use of competent staff to act as coach developers among sports coaches will facilitate the definition and 
evaluation of their skills in the real context of their work. The possibility of having people with such competences in 
sports organisations to support coach development is a  test that sports organisations will face. They (coach devel-
opers) make a concerted effort to encourage sports coaches responsibility for their own learning and professional 
development. This often takes the form of using mentoring techniques, which are particularly important in coach 
development [46].

Modern sports pose increasingly complex challenges to coaches. The pursuit of sports performance must be sup-
ported by the strengthening of capacity and, at the same time, the improvement effectiveness of physical culture 
staff. Duffy et al. [47, p.95] argue that “sport coaching should define its future identity as a blended professional area, 
operating within the wider field of sport and physical activity” [47:95]. Developing an awareness and understanding of 
how coaches can learn will certainly facilitate working with them most effectively. This can influence the ways in which 
they continue to develop and improve the learning processes for sports coaches to promote effective work with others 
[48, p. 209]. The need for coaches and sports scientists to work directly together in order to effectively communicate 
and disseminate the knowledge gained through research is emphasized. A coach needs to be able to communicate 
openly with sports scientists in order to understand and apply research findings efficiently.

Research contributions and limitations

The results of this study can serve as a guideline for Polish Sports Associations, sports clubs employing coaches, 
and educators in the sports sector in Poland. The development of education experts for the sports sector can be 
a response to the effective utilization of educational programs, based on informal and non-formal education. Coach 
developers can maximize the effectiveness of learning and avoid problems related to adult lifelong learning reluctance. 
Diagnosing the preferred learning methods of Olympic and Paralympic coaches surveyed can be used to develop 
more effective training and professional development methods for coaches in Poland. The conclusions from this work 
may lead to the development of a specific coach education program based on qualified coach developers, utilizing 
the diagnosed learning outcomes for this profession. The presented research may serve as an incentive for designing 
teams supporting coach development in sports organizations.

Limitations of Study

This study has limitations, such as the lack of defined skill sets that should be utilized by educators. There is a notice-
able lack of standardization and consistency in educational programs between sports associations in Poland, be-
tween Olympic and Paralympic sports organizations, which can lead to uneven levels of coach preparedness. Relying 
solely on formal education and the absence of educators employed by sports organizations in Poland may affect the 
effectiveness of training and, consequently, and thus the involvement in them of the coach themselves. Therefore, we 
hope that the creation of a culture of lifelong learning and a thorough assessment of sports organizations’ abilities 
to undertake such interventions becomes increasingly important. It is essential to ensure that individuals developing 
educational programs for coaches have knowledge of how to create high-quality coaching curricula, utilizing their 
prior professional experiences and established pedagogical approaches. We need sports sector educators with ex-
tensive capabilities to facilitate coach learning, who are confident in their professional knowledge.

Conclusions

Sports organizations, striving for the athletic development of their athletes, are looking for competent and capable 
candidates to perform assigned tasks. The development of coaches’ competence should be based on the results 
of an open, honest, and substantive discussion of what actually improves the effectiveness of training methods. 
Sports organizations should ensure that their coaches have opportunities to interact with professional colleagues 
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and international experts as well as are familiar with established practices. Due to the benefits of informal and non-
formal training courses and facilitated meetings, coach developers can effectively assist in developing their mentees’ 
competencies. Courses and trainings should ultimately lead to new ideas and encouragement for deeper reflection 
on their coaching practice. However, specialized supervision and support by experts, such as coach developers, is 
needed for the effective development of coaches’ professional competence through non-formal training and sharing 
best practices. Nonetheless, developing sports coaching as a profession is a complex and challenging prospect 
which requires solutions to be selected carefully.

Practical Implications

The experience of the Japanese Coach Developer Academy and the development of a training framework for coach 
developers by the International Council for Coaching Excellence [12] resulted in the implementation, also in Poland, 
of newly learned methods into educational programmes developed by the Coaching Academy at the Sports Institute 
within the National Research Institute (PiB) in Warsaw, and the development of a special training programme for rep-
resentatives of Polish sports associations aimed at building specialist teams according to the methodology proposed 
in the Coach Developers Qualification Framework [12]. Since 2017, six courses for coach developers have been 
organized within the framework of the Coaching Academy of the Sports Institute within the National Research Institute 
(PiB). Nearly 150 people have completed the course to date. Armed with new skills, the graduates work for the benefit 
of the sports sector in Poland, and apply the competencies defined in the aforementioned qualification framework to 
contribute to the development of sports coaches with respect to their expectations and needs in this field.
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Abstract: 

Background: At a young age, the phenomenon of abandoning sports practice is frequent. This can be attributed to various 
causes that, however, are not investigated in the literature. The aim of this study is to understand the perceptions of the main inter-
nal stakeholders (coaches and technical managers) with regard to the possible causes for early drop-out from football. 

Methods: The sample that took part in this study consisted of 15 coaches and 12 technical managers of football schools in 
the province of Naples. The study made use of the following methods: analysis of scientific literature, formulation and administra-
tion of a questionnaire, and data analysis using mathematical and statistical methods. To analyze the data, the chi-square test (X2) 
was applied. 

Results: The results showed that 86.7% of the coaches and 66.6% of the technical managers have social education as their 
primary goal, with a significant relationship in the perception of the two categories at p=2.80692E-25. Furthermore, it was found 
that, according to 66.7% of the coaches and 50% of the technical managers, early leaving causes insecurity in children, with 
a significant relationship in the perception of the two categories at p=0.002. 

Conclusion: The study showed that, among the many possible causes of dropout, the attitude of the main internal stakehold-
ers of football schools also has a considerable effect. This study investigated the perceptions of the main internal stakeholders of 
football schools, an element that other studies have neglected, focusing on other causes to address the phenomenon.

Introduction

Participation in organized youth sports is already started from an early age in Western countries. The practice of sport-
ing activities in childhood is valued for the positive contribution it can make to the training and personal experience 
of children and young people. In Italy, the motor and sports sciences have been present in the academy since 2000, 
following the reform of the Higher Institutes of Physical Education, and are, at present, placed in the pedagogical and 
medical fields, as both academic disciplines are included in social and humanistic sciences and life sciences [1]. 
The importance of effectively supporting the development of the capacity for sensorimotor integration seems to be 
one of the most important objectives that every school system, and not only, should pursue. In addition to sport, the 
relationship between body, movement, and learning enables the acquisition of spatial, temporal, sequential, linguistic, 
expressive, and musical skills [2]. The motivations that drive children to participate in sports are heterogeneous, such 
as having fun, improving skills, making friends, or getting fit [3]. In addition, it must be admitted that sporting activities 
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can promote inclusion, based on the integration of people regardless of their health status. In fact, the use of physical 
and sporting activity is also widely used to obtain benefits in the mental aspect [4]. In other studies, it has been shown 
that motivation to participate can also depend on other factors such as age, gender, perceived ability, type, and level 
of sports skills, or influence from family, peers, and coaches [5]. It is no coincidence that a footballer’s technical 
and tactical improvement cannot be separated from the position and attitude of his teammates and the position and 
behavior of opponents [6]. One of the main components that determine the quality of performance is certainly the 
motivation to play sports because young people love sports, mainly as an opportunity to socialize and have fun [7]. 
Despite these positive aspects, it is possible to note, recently, a gradual decrease in the practice of sports at an early 
age [8]. This phenomenon is called sports dropout, which is as intense as the premature abandonment of a sport-
ing career, even before an athlete has been able to fully demonstrate his or her potential or before having reached 
peak performance. The onset of this phenomenon, which is the problem discussed in this study, is caused by both 
personal and situational factors, such as the difficulty of reconciling school and sport, disagreement with the coach, 
lack of enjoyment, the presence of injuries, poor perception of competence, the influence of other people (parents 
or teammates), and poor opportunities for success. A further aspect that can be considered as a causative factor 
of sports dropout at a young age is burnout, i.e., a psychological condition associated with feelings of physical and 
emotional exhaustion, reduced sense of personal fulfillment, and devaluation of sport and the sporting environment. It 
is, therefore, a psychological condition that makes the sporting experience difficult to sustain. In this study, particular 
attention is paid to analyzing the dropout phenomenon in the context of football schools. According to data reported 
by the FIGC (Italian Football Federation), this phenomenon is reported in 33% of football schools. The drop-out rate 
from sporting activity, within football schools, is much higher in the Campania region of Italy than in other regions. In 
fact, according to ISTAT data, in 2021, 50% of children aged 3 years and over in Campania did not practice sports or 
physical activity, and, in 2022, the percentage was 53.4% [9]. Considering the guidelines issued by the WHO ‘Global 
Recommendations on Physical Activity for Health’, in which it is recommended that children and adolescents en-
gage in at least an average of 60 minutes per day of moderate to vigorous intensity physical activity, mostly aerobic, 
throughout the week, the percentages of children who do not engage in sport or physical activity are critical, to say 
the least [10]. Many football clubs face the phenomenon of young athletes dropping out early because it not only 
represents a loss of potential talent but can also have negative repercussions on the psychological well-being of the 
youngsters involved and on the economy of the football clubs themselves [11]. However, the causes of this early 
drop-out are often multifactorial and poorly understood. Despite the extensive literature on football, there is a lack of 
in-depth analysis on the phenomenon of dropout and, in particular, on the perceptions of the main stakeholders within 
the football sector. In particular, there are no studies that explore how coaches, managers, players, and other internal 
actors interpret and evaluate the dynamics and challenges within the sector in reference to sports abandonment [12]. 
Understanding these perceptions is fundamental to developing targeted strategies that can improve management 
practices, athlete well-being, and the overall effectiveness of football organizations, thus reducing the phenomenon of 
dropout [13]. This gap in the scientific literature highlights the need for research focused on these aspects to fill the 
knowledge gap and offer new perspectives on the development of professional and amateur football. The objective 
of this study is to understand and analyze the perceptions of key stakeholders within the football sector regarding the 
causes contributing to early football dropout. This study aims to identify and assess the key factors, both individual 
and organizational, that influence the decision to drop out of football, providing a solid basis for the development of 
effective preventive strategies.

Material and Methods 

Study design

In order to understand the perceptions of the coaches and technical managers of the football schools in the province 
of Naples, Italy, with respect to all the causes that lead to the early abandonment of football, an ad hoc questionnaire 
was created via Google Forms and subsequently administered via e-mail and social media. The questionnaire admin-
istered to the stakeholders mentioned above consisted of 18 items, all of which were closed-ended. It was divided 
into three different thematic sections. The first section, containing five items, concerned gender, education, and the 
role played in the football school. Specifically, the questions in this section were aimed at understanding whether 
the role each of them played within the football school was consistent with their qualifications. The second section, 
consisting of 9 items, focused on the stakeholders’ perception of the role each of them played. This section aimed to 
investigate the coaches‘ and technical managers’ knowledge of their profession and the influence it exerts on their pu-
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pils. The third and final section of the questionnaire, consisting of four items, was specifically dedicated to the central 
topic of the study, dropout in football. More specifically, it examined what kind of perceptions these stakeholders have 
regarding this issue, what consequences this phenomenon may have on children’s growth, and how its occurrence 
could be prevented. This section also aimed to find out whether coaches and technical managers might feel in any 
way responsible for young children dropping out of the sport in question. A detailed description of the questionnaire 
administered is shown in Table 1.

Table 1. Questionnaire for coaches and technical managers of football schools in the province of Naples

 Internal Stakeholders Questionnaire

Items Answer 1 Answer 2 Answer 3 Answer 4 Answer 5

1. Age 23-27 years old 28-32 years old >32 years old

2. Gender Male Female

3. Title of study Bachelor’s 
Degree

Master’s Degree Other qualifica-
tions

4. Where were you trained 
as a coach?

UEFA C licence UEFA D 
licence

UEFA B
licence

UEFA A
licence

5. What role do you play 
within the football school?

Coach Manager

6. What are the characteri-
stics a coach should have?

Teaching disci-
pline

Be patient and 
understanding

Motivating com-
mitment

Alliance with the 
family system

Helping to toler-
ate frustration

7. What value do you attri-
bute to coach education?

Training obliga-
tion

A tool for ap-
proaching 
to current social 
needs

Knowledge of 
technical and 
tactical skills

8. What is the main func-
tion of your 
evaluative action?

Selecting trainees Knowing the 
capabilities of the 
learners

Creating individu-
alised paths

Preventing those 
without quality 
from continuing 
in business

9. Which of the following is 
your training principle?’

Insist on inten-
sive loading 
in training

Gradual approach 
from 
simple to com-
plex

Neither of the 
two

10. During your training, is 
the goal set?

Entertainment Technical-individ-
ual performance

Bodily self-knowl-
edge and 
development of 
skills

11. What is the primary 
goal of a coach of a childre-
n’s team?

Educating for 
sociality

Teach how to 
read the 
game situation

Promoting the 
development 
of technology

12. Are the proposed tra-
inings fun and challenging?

Always Most of the time Sometimes Almost never Never 

13. In front of a child with 
excellent football quali-
ties, how do you position 
yourself?

The subject as-
sumes a role 
central in training

The subject is 
always assessed
from a team 
perspective

14. How much aspect is 
given to the emotional 
management of success 
and failure?

A lot Little Remarkable

15. In your opinion, early 
abandonment what 
repercussions on the 
child’s growth?

Insecurity Refusal of sport-
ing activity

Anxiety
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All subjects gave their informed consent for inclusion before they participated in the study. The study was con-
ducted in accordance with the Declaration of Helsinki. According to Regulation (EU) 536/2014 and Directive 2001/20/
EC, research involving minimal risks to participants may be exempt from formal ethical review, as it does not involve 
invasive or experimental interventions. Additionally, under Legislative Decree No. 211 of 24 June 2003, research that 
does not pose significant risks and is solely aimed at improving educational practices might be exempt from Institu-
tional Review Board (IRB) or Ethics Committee review and approval.

Study participants

The sample in this study consisted of 15 coaches and 12 technical managers of football schools in the province 
of Naples. The entire sample consisted only of male participants, with an average age between 23 and 32 years. A 
convenience sampling method was used and every participant was informed in detail about the research protocol 
and gave their written consent.

Statistical Analysis 

The data collected using the questionnaire were analyzed using SPSS software. The chi-square (X²) test was applied 
to assess the differences in perceptions between the two stakeholder groups. The statistical significance threshold 
was set at p<0.05.

Results

As described above, the questionnaire is divided into three sections. The first section is depicted in Table 2.

16. At the conclusion of the 
football year, 
what is most valuable?

Talent output Technical and 
tactical perfor-
mance 
of the team

Achieving a 
homogeneous 
level of prepara-
tion

Constancy in 
the number of 
members

17. Do you feel guilty about 
the abandonment by 
children?

Yes No Quite

18. How to prevent the 
phenomenon of 
drop-outs?

Maintaining 
a constant focus 
on individual 
athletes

Constant motiva-
tion

Creating a coach-
parent relation-
ship of trust

Table 2. Results first section of the questionnaire

 Results, first, 5 Items

Items Answer 1 Answer 2 Answer 3 Answer 4 Chi-squared

1. Age 23-27 years old 28-32 years old >32 years old p= 0.0002

Coach Frequency 13 1 1

Percentage Coach 86.6% 6.7% 6.7%

Frequency Technical manager 2 0 10

Percentage Technical manager 16.6% 0 83.4%

2. Gender Male Female p=6.89518E-12

Coach Frequency 11 4

Percentage Coach 73.3% 26.7%

Frequency Technical manager 12 0

Percentage Technical manager 100% 0

3. Title of study Bachelor’s 
Degree

Master’s 
Degree

Other qualifica-
tions

p=0.005

Frequency (coach) 10 4 1

Percentage (coach) 66.6% 26.7% 6.7%
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The results contained in Table 2 show, in question 1, that 86.6% of the coaches were in the age range of 23-27 years, 
6.7% were in the age range of 28-32 years and the remaining 6.7% were older than 32 years. With regard to technical 
managers, 83.4% were older than 32 years and the remaining 16.6% were in the age range of 23-27 years. The chi-
square analysis showed a significance between the group of coaches and the group of technical managers at p=0.0002. 
On question 2 concerning gender, in the category of coaches, 73.3% were male, and the remaining 26.7% were female. 
Of the group of technical managers, 100% were male. The chi-square analysis showed a significance between the groups 
of coaches and technical managers at p=6.89518E-12. Following question 3 on educational qualifications, 66.6% of 
coaches had a bachelor’s degree, 26.7% a master’s degree and the remaining 6.7% had other qualifications. In ques-
tion 3, technical managers were  8.4% with a bachelor’s degree, 33.3% with a master’s degree, and 58.3% with other 
qualifications. The chi-square analysis revealed a significance between the groups of coaches and technical managers at 
p=0.005. For question 4 ‘Where does your coaching education fit in?’, it appears that for the category of coaches, 73.3% 
held a UEFA C licence, 13.3% held a UEFA D licence, 6.7% held a UEFA B licence and the remaining 6.7% held a UEFA 
A licence. For the technical manager category, 16.6% held a UEFA C licence, 41.7% a UEFA D licence, 33.3% a UEFA 
B licence and the remaining 8.4% a UEFA A licence. The chi-square analysis revealed a significance between the group 
of coaches and the group of technical managers at p=7.85012E-05. With question 5 ‘What role do you play within the 
football school?’ there is identification of the sample, with 15 units making up the category of coaches and 12 units for 
the category of technical managers. Chi-square analysis revealed a significance between the group of coaches and the 
group of technical managers at p=0.0002. The second section of the questionnaire is presented in Table 3.

Frequency (technical manager) 1 4 7

Percentage (technical manager) 8.4% 33.3% 58.3%

4. Where were you trained 
as a coach?

UEFA C
licence

UEFA D
licence

UEFA B
licence

 UEFA A
licence

p=7.85012E-05

Frequency (coach) 11 2 1 1

Percentage (coach) 73.3% 13.3% 6.7% 6.7%

Frequency (technical manager) 2 5 4 1

Percentage (technical manager) 16.6% 41.7% 33.3% 8.4%

 5. What role do you play within the 
football school?

Coach Manager p=0.0002

Frequency (coach) 15 0

Percentage (coach) 100% 0

Frequency (technical manager) 0 12

Percentage (technical manager) 0 100%

Table 3. Results of the second section of the questionnaire

 Results, second, 9 Items

Items Answer 1 Answer 2 Answer 3 Answer 4 Answer 5 Chi-squared

6. What are the character-
istics a coach should have?

Teaching 
discipline

Being patient 
and under-
standing

Motivating 
commitment

Alliance with 
the family 
system

Helping to 
tolerate 
frustration

p=7.55261E-10

Frequency (coach) 4 2 8 1 0

Percentage (coach) 26.7% 13.3% 53.3% 6.7% 0

Frequency (technical 
manager)

5 5 2 0 0

Percentage (technical 
manager)

41.7% 41.7% 16.6% 0 0

7. What value do you attri-
bute to coach education?

Training 
obligation

A tool for ap-
proaching 
to current 
social needs

Knowledge of 
technical and 
tactical skills

p=0.1
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Frequency (coach) 6 3 6

Percentage (coach) 40% 20% 40%

Frequency (technical 
manager)

4 4 4

Percentage (technical 
manager)

33.3% 33.3% 33.4%

8. What is the main func-
tion of your 
evaluative action?

Selecting 
trainees

Knowing the 
capabilities of 
the learners

Creating 
individualised 
paths

Preventing 
those without 
quality from 
continuing in 
business

 p=3.74218E-32

Frequency (coach) 0 11 1 3

Percentage (coach) 0 73.3% 6.7% 20%

Frequency (technical 
manager)

0 9 0 3

Percentage (technical 
manager)

0 75% 0 25%

9. Which of the following is 
your training principle?’

Insist on 
intensive 
loading 
in training

Gradual ap-
proach from 
simple to 
complex

Neither p=2.0752E-130

Frequency (coach) 0 14 1

Percentage (coach) 0 93.3% 6.7%

Frequency (technical 
manager)

1 11 0

Percentage (technical 
manager)

8.4% 91.6% 0

10. During your training, is 
the goal set?

Entertainment Technical-
individual 
performance

Bodily self-
knowledge 
and 
development 
of skills

p=0.3

Frequency (coach) 10 0 5

Percentage (coach) 66.6% 0 44.4%

Frequency (technical 
manager)

6 0 6

Percentage (technical 
manager)

50% 0 50%

11. What is the primary 
goal of a coach of a childre-
n’s team?

Educating for 
sociality

Teach how to 
read the 
game situ-
ation

Promoting the 
development 
of technology

p=2.80692E-25

Frequency (coach) 13 0 2

 Percentage (coach) 86.7% 0 13.3%

Frequency (technical 
manager)

8 1 3

 Percentage (technical 
manager)

66.6% 8.4% 25%

12. Are the proposed tra-
inings fun and challenging?

Always Most of the 
time

Sometimes Hardly ever Never p=0.08

Frequency (coach) 5 10 0 0 0

Percentage (coach) 44.4% 66.6% 0 0 0
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The results show that in question 6 ‘What are the characteristics a coach should have?’ 53.3% of the coaches 
answered ‘motivate commitment’, 26.7% answered ‘teach discipline’, 13.3% answered ‘be patient and understand-
ing’, and 5% answered ‘alliance with the family system’. To the same question, 41.7% of the managers answered ‘be 
patient and understanding’, another 41.7% answered ‘teach discipline’, and 16.7% answered ‘motivate commitment’. 
The chi-square analysis revealed a significance between the group of coaches and the group of technical managers 
at p=7.55261E-10. To question 7 ‘What value do you attribute to coach education?’, 40% of the coaches answered 
‘training obligation’, another 40% answered ‘knowledge of technical and tactical skills’, and 20% answered ‘tool for 
approaching current social needs’. When asked the same question, the managers were equally divided, with 33.3% 
each answering ‘training obligation’, ‘knowledge of technical and tactical skills’, and ‘tool for approaching current 
social needs’. Based on the chi-square analysis, no significance was found between the group of coaches and 
the group of technical managers at p=0.1. Subsequently, to question 8 ‘What is the main function of your evalua-
tive action?’, for the category of coaches, 73.3% answered ‘Knowing the abilities of the learners’, 6.7% ‘Creating 
individualised pathways’, the remaining 20% answered ‘Preventing those who lack quality from continuing in the 
activity’, and none answered ‘Selecting learners’. For the category of technical managers, 75% answered ‘Know the 
abilities of the trainees’, and the remaining 25% answered ‘Avoid that those who do not have qualities continue the 
activity’. The chi-square analysis revealed a significance between the group of coaches and the group of technical 
managers at p=3.74218E-32. In question 9, ‘Which of the following is your training principle?’, for the category of 
coaches, 93.3% responded with ‘Gradual approach from simple to complex’, the remaining 6.7% answered ‘Neither’, 
and none responded with ‘Insist on intensive loading in training’. For the category of technical managers, 8.4% an-
swered ‘Insist on intensive loading in training’, and 91.6% answered ‘Gradual approach from simple to complex’. The 
chi-square analysis showed a significance between the group of coaches and the group of technical managers, at 
p=2.0752E-130. For question 10 ‘During your training, is the goal set?’, 66.6% of coaches answered ‘Fun’, 44.4% 
answered ‘Body self-knowledge and skill development’ and none answered ‘Technical-individual performance’. In 
the category of technical managers, 50% answered ‘Fun’, the remaining 50% answered ‘Body self-knowledge and 
skill development’, and none answered ‘Technical-individual performance’. The chi-square analysis showed no sig-
nificance between the group of coaches and the group of technical managers at p=0.3. In question 11 ‘What is 
the primary goal of a coach of a children’s team?’ for the category of coaches, 86.7% answered ‘Educating social 

Frequency (technical 
manager)

4 8 0 0 0

Percentage (technical 
manager)

44.4% 66.6% 0 0 0

13. In front of a child with 
excellent football quali-
ties, how do you position 
yourself?

The subject 
assumes a 
role 
central in 
training

The subject 
is always 
assessed
 in a team 
perspective

p=1

Frequency (coach) 0 15

Percentage (coach) 0 100%

Frequency (technical 
manager)

0 12

Percentage (technical 
manager)

0 100%

14. How much aspect is 
given to the emotional 
management of success 
and failure?

A lot Little Remarkable p=0.08

Frequency (coach) 8 5 2

Percentage (coach) 53.3% 33.4% 13.3%

Frequency (technical 
manager)

6 3 3

Percentage (technical 
manager)

50% 25% 25%
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skills’, and the remaining 13.3% answered ‘Promoting the development of technique’. For the category of technical 
managers, 66.6% answered ‘Educate on sociability’, 8.4% answered ‘Teach how to read the game situation’, and the 
remaining 25% answered ‘Promote the development of technique’. The chi-square analysis revealed a significance 
between the group of coaches and the group of technical managers at p=2.80692E-25. Continuing with question 
12 ‘Are the proposed trainings fun and challenging?’, 44.4% of coaches answered ‘Always’ and the remaining 66.6% 
answered ‘Most of the time’. This was also the case for the category of technical managers. Based on the chi-square 
analysis, no significance was found between the group of coaches and the group of technical managers at p=0.08. 
To question 13 ‘In front of a child with excellent football qualities, how do you position yourself?’, for both the cat-
egory of coaches and technical managers, 100% of the sample answered ‘The subject is always assessed from 
a team perspective’. The chi-square analysis showed no significance between the groups of coaches and technical 
managers at p=1. On question 14 ‘How much aspect is given to the emotional management of success and failure?’ 
for the category of coaches, 53.3% answered ‘A lot’, 33.4% answered ‘A little’, and the remaining 13.3% answered 
‘Considerable’. For the category of technical managers, 50% answered ‘A lot’, 25% ‘A little’ and the remaining 25% 
‘Considerable’. The chi-square analysis showed no significance between the group of coaches and the group of 
technical managers at p=0.08. The third section of the questionnaire is shown in Table 4.

Table 4. Results of the third section of the questionnaire

 Result, third, 4 Items

Items Answer 1 Answer 2 Answer 3 Answer 4 Chi-squared

15. In your opinion, early 
abandonment what 
repercussions on the child’s 
growth?

Insecurity Refusal of sport-
ing activity

Anxiety p=0.002

Frequency (coach) 10 5 0

Percentage (coach) 66.6% 44.4% 0

Frequency (technical 
manager)

6 3 3

Percentage (technical 
manager)

50% 25% 25%

16. At the conclusion of the 
football year, 
what is most valuable?

Talent output Technical and 
tactical training 
of the team

Achieving a level 
homogeneous 
level of prepara-
tion

Constancy in 
the number of 
members

 p=7.64485E-18

Frequency (coach) 0 2 12 1

 Percentage (coach) 0 13.3% 80% 6.7%

Frequency (technical 
manager)

0 4 6 2

Percentage (technical 
manager)

0 33.4% 50% 16.6%

17. Do you feel guilty 
about the abandonment by 
children?

Yes No Quite  p=2.07096E-06

Frequency (coach) 1 11 3

Percentage (coach) 6.7% 73.3% 20%

Frequency (technical 
manager)

1 4 7

Percentage (technical 
manager)

8.4% 33.3% 58.3%

18. How to prevent the 
phenomenon of 
drop-outs?

Maintaining a 
constant focus 
on individual 
athletes

Constant motiva-
tion

Creating a coach-
parent relation-
ship of trust

p=7.13126E-05
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Frequency (coach) 2 4 9

Percentage (coach) 13.3% 26.7% 60%

Frequency (technical 
manager)

1 4 7

Percentage (technical 
manager)

8.4% 33.3% 58.3%

To question 15 ‘In your opinion, what repercussions does early leaving have on the child’s growth?’ 66.7% of the 
coaches answered ‘insecurity’, and 33.3% answered ‘refusal of sporting activity’. To the same question, 50% of the 
technical managers answered ‘insecurity’, and the remainder was divided equally between ‘refusal of sporting activity’ 
25% and ‘anxiety’ 25%. The chi-square analysis revealed a significance between the group of coaches and the group 
of technical managers at p=0.002. To question 16 ‘At the conclusion of the football year, what is most valuable?’ for 
the category of coaches, no one answered ‘Exit of talents’, 13.3% answered ‘Technical and tactical formation of the 
team’, 80% answered ‘Reaching a homogenous level of preparation’ and the remaining 6.7% answered ‘Constancy 
of the number of members’. For the category of technical managers and the same question, no one answered ‘Exit of 
talents’, 33.4% answered ‘Technical and tactical training of the team’, 50% answered ‘Reaching a homogenous level 
of preparation’ and the remaining 16.6% answered ‘Constancy of the number of members’. The chi-square analysis 
revealed a significance between the group of coaches and the group of technical managers at p=7.64485E-18. 
A different perception between coaches and managers can be seen in question 17 ‘Do you feel guilty about children 
dropping out?’, with 73.3% of the coaches answering ‘No’, 6.7% answering ‘Yes’ and the remaining 20% answer-
ing ‘quite a lot’. While 58.3% of the technical managers answered ‘Quite’, 33.3% answered ‘No’, and the remaining 
8.4% answered ‘Yes’. The chi-square analysis revealed a significance between the group of coaches and the group 
of technical managers at p=2.07096E-06. Finally, to question 18 ‘How do you prevent the drop-out phenomenon?’, 
60% of the coaches responded with ‘Create a coach-parent relationship of trust’, 26.7% with ‘Constant motivation’ 
and the remaining 13.3% with ‘Keep the focus on individual athletes constant’. For the category of technical manag-
ers, 58.3% responded with ‘Create a coach-parent relationship of trust’, 33.3% with ‘Constant motivation’ and the 
remaining 8.4% with ‘Maintain constant focus on individual athletes’. The chi-square analysis revealed a significance 
between the group of coaches and the group of technical managers, at p=7.13126E-05.

Discussion

The results of the present study provide a detailed analysis of the perceptions of coaches and technical manag-
ers regarding the causes of early drop-out in youth football, identifying significant differences in their opinions and 
characteristics. These results are consistent with previous research, which highlighted how various individual and 
organizational factors can influence the drop-out phenomenon in youth sports [14]. The analysis revealed significant 
demographic differences between coaches and technical managers. Most coaches were in the age group of 23 to 
27 years, whereas technical managers tended to be older than 32 years. This age difference might influence their 
perspectives and approaches to coaching, as suggested by some studies indicating that experience and age can 
play a crucial role in coaching strategies and understanding athletes’ needs [15]. The gender distribution was also 
significantly different between the two groups, with a greater female presence among coaches than among technical 
managers. The existing literature highlights how gender differences can influence coaching dynamics and athletes’ 
expectations, leading to different approaches in team management [16]. Coach education plays a key role in the 
quality of sports experience of young athletes [17]. Data show that coaches tend to have a lower level of education 
than technical managers, with a prevalence of three-year degrees and lower-level UEFA licences (C and D). Literature 
suggests that more advanced training is often correlated with a greater awareness of the psychological and social 
dynamics that influence youth sports participation and could contribute to more effective strategies to prevent drop-
out [18]. A critical aspect that emerged from the study is the perception of the causes of early drop-out. Both coaches 
and technical managers recognized the importance of creating a trusting relationship between coach and parent as 
the main strategy to prevent drop-out, in line with the literature that highlights the essential role of communication and 
cooperation between the adult figures involved in the young athlete’s education [19]. However, there is a significant 
divergence in the perception of guilt regarding dropout, with technical managers showing a greater tendency to feel 
responsible. This could reflect a greater awareness of technical managers of the impact of their decisions and organi-
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zational dynamics on the experience of young athletes [20]. The differences in training preferences between coaches 
and technical managers suggest distinct approaches to athlete training [21]. Coaches emphasize the motivational 
aspect and fun, while technical managers may have a more performance-oriented and discipline-oriented vision. 
These differences could be explored further to understand how to better balance the competitive and educational 
aspects to reduce the risk of dropout [22]. Among the main studies, it is possible to mention Esposito et al,, who in 
2024 demonstrated the reduction of dropouts in football practice, through the strengthening of motivation, acting on 
the variation of the formation, and on the inclusive and collaborative skills of the team [23]. Another study, by Molinero 
et al., verified the reasons for abandonment, in a large sample of young Spanish athletes, in relation to their gender, 
participation in individual or team sports, and the level of competition achieved at the time of abandonment [24]. 

Limitations of the study

The main limitation of this study is the small sample size. With larger numbers, it would have been possible to obtain 
more variability in the answers and, consequently, a more complete view of the perceptions regarding the causes of early 
dropout in youth football. Another limitation is the lack of randomness of the sample. A more random sampling would 
have reduced possible bias, e.g. other internal stakeholders such as boys and families, who were not considered. In any 
case, the usefulness of this work lies in attempting to investigate the perceptions of individuals considered to be the main 
internal stakeholders of football schools and to understand how much their perceptions may influence participation and/
or dropout in the sport, an element that other studies have neglected, focusing on other causes.

Conclusions 

The contribution that sporting activity makes to people, especially in the developmental age group, is of considerable im-
portance. Considering the numerous benefits it brings at a psychophysical level, it is therefore necessary to take action to 
remove the obstacles to practicing sports. In this study, it was found that the attitudes of the main internal stakeholders of 
football schools exert a considerable influence on whether or not children take part in the activity. It is relevant that coaches 
focus a lot on the emotional and motivational aspects of each individual and less on the technical and tactical aspects, for 
two reasons: firstly, because the training process is different for athletes and among team sports, and secondly because, 
in the current context, the coach has become a qualified professional figure, who must possess all-round skills. This con-
sideration is also supported by the Sports Reform of 28 February 2021, through Legislative Decree No. 36, which legally 
recognized the profession of the sports kinesiologist (commonly coach). This professional is given responsibility for the 
proper conduct of physical and sporting activities, the protection of well-being, and the promotion of healthy lifestyles. 
The coach must be able to observe and understand the needs of young players, evaluate their shortcomings and qualities, 
and subsequently help define the goals necessary to set the training course. At this juncture, managers will also have to 
play their part, i.e., recruit competent and qualified professionals. To help produce more experienced coaches in terms of 
participation and performance, many governing bodies have set up coach mentoring systems.

Practical Implication

In practice, to effectively tackle the drop-out phenomenon, it would be crucial to provide continuous and specialized 
training for coaches, including studies on psychological and motivational aspects in the management of athletes. 
Another winning strategy could be greater involvement of families, through the organization of regular meetings, since 
the relationship of trust between coach and parent is recognized as a key factor in preventing sports drop-out. In ad-
dition, a more balanced approach between performance and educational orientation is proposed, introducing variable 
training sessions according to the needs of young people
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Abstract: 

Background: Handball is one of the sports that involves a large number of positional changes and skills; in addition to that, 
and from a physiological point of view, it relies on supply of energy, both anaerobic and anaerobic. The aim of this study was to 
prepare qualitative exercises based on energy systems to develop some physiological indicators and passing and shooting skills in 
junior handball players and evaluate the effect of specific exercises based on energy systems on the improvement of physiological 
indicators and passing and shooting skills in junior handball players.

Methods: The participants were 20 youth athletes from the Kiwan Sports Club during the 2022–2023 season in Iraq. They 
were randomly divided into two groups with the same number of participants. The experimental group followed the proposed train-
ing program, which was based on prepared-specific exercises according to energy systems, and the control group followed the 
regular training program implemented by the coach. The proposed program lasted eight weeks, with three training sessions per 
week, each lasting 120 minutes. 

Results: The training programs had a significant main effect on the tested physiological indicators and basic handball skills 
(p < 0.05), with a large effect size. The percentage of improvement ranged from 3.04 to 55% for the program prepared by the 
coach and from 8.24 to 90.48% for the program with specific energy-system-based exercises. The t-values ranged from 2.641 to 
4.788, indicating a significant difference between the two training programs (p < 0.05), favoring the experimental group.

Conclusions: Both groups showed improvements in physiological indicators and passing and shooting skills in young hand-
ball players. A better development in these areas was found in junior handball players from the experimental group.

Introduction

The revolution in science and technology has had an impact on the training sector in recent years. As a result, the 
training process has evolved to adopt a shape, structure, and organization that aligns with the latest advancements in 
training techniques and resources. With the goal of attaining and maximizing training specificity based on the type of 
activity, coaches must select the best and most recent methods that fit the specialized activity to improve physical, 
occupational, planning, psychological, and mental skills. Handball is one of the most popular sports and holds a good 
position because it is an interesting game requiring players to master both offensive and defensive skills. Further-
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more, the use of modern training methods and organized and codified training based on scientific foundations has led 
to the advancements in sports performance across various disciplines, while training young athletes in this develop-
mental stage is as crucial as training in any other sport [1]. Furthermore, one of the most crucial principles of sports 
physiology that is utilized in the sports world is the coach’s awareness of how the body’s different organs respond 
and adapt to training loads [2], which is reflected in the identification of the physiological markers of sports training to 
develop training techniques that minimize stress and help accomplish the desired results. The ability to produce en-
ergy in handball depends on two factors: (1) anaerobic capacity, which refers to the muscle’s ability to function in the 
absence of oxygen during high-intensity periods of effort, with the performance duration ranging from 3–1 minutes 
for the lactic acid regimen and from 70–5 seconds for the ATP–CP system, and (2) aerobic capacity, which means 
the muscle’s efficiency in oxygen consumption. This ability is important for sustained performance throughout the 
match, which can sometimes take more than an hour. This requires the preparation of training programs for athletes 
based on modern scientific methods to achieve optimal performance [3]. An active role in training should emphasize 
the player’s ability to control the ball in various positions and directions, which is essential for achieving the best 
results in handball [4]. The specificity of training sessions is expected to correspond to differences in training loads 
experienced by players. Naturally, the behaviors observed during the training drills emphasize different locomotor pat-
terns in players, depending on their everyday actions and roles [5]. Due to the variable nature of training sessions, it 
is important to pay special attention to fluctuations in the load imposed on players [6].

The study by Massuça, Fragoso, and Teles [7] confirmed that morphological characteristics, physical fit-
ness, handball-specific skills, and psychological and physical characteristics are important to being successful in 
handball [7]. Determining the physical profiles of young handball players enables the assessment of strengths and 
weaknesses in areas relevant to performance and the design of specific and focused training models to improve 
performance [8]. The study of Mohamad and Choo [9] revealed that training in coordination, dynamic balance, and 
agility has positive effects on adolescent handball players [9]. Korkmaz and Polat [10] concluded that measuring 
the maximal respiratory exchange ratio values of athletes during incremental exercise may provide information 
about physiological adaptations in response to physical training [10]. According to Ketema [11], university stu-
dents’ physiological characteristics significantly improved after eight weeks of low-intensity interval training [11]. 
The findings of the study conducted by Shanta and Ajita [12] indicated a significant effect of endurance training 
on the anaerobic threshold and blood lactate concentration in Bangladeshi female handball players [12]. From 
a physiological perspective, handball is a sport that relies on both aerobic and anaerobic energy sources. In this 
sport, players perform quick muscle contractions and high-speed throws over distances of 15 to 30 meters before 
returning to the game and performing at medium to low intensity. Furthermore, the lack of focus on physiologi-
cal exercises results in fatigue, which impairs the player’s performance. Therefore, the aim of this study was to 
develop qualitative exercises based on energy systems to enhance some physiological indicators and passing and 
shooting skills in junior handball players and to evaluate the effects of specific exercises based on energy systems 
to improve these areas. This research hypothesizes that  ‘Specific exercises based on energy systems have a posi-
tive effect on developing some physiological indicators and passing and shooting skills in junior handball players.

Materials and Methods

Participants

The participants were chosen by the purposive sampling method from the youth athletes in the Kiwan sports during 
the 2022–2023 season in Iraq. A total of 20 youth athletes were included in the study (age: 17.23 ± 2.60 years, body 
height: 177.05 ± 2.6 cm, body mass: 65.43 ± 4.26 kg). The participants were randomly divided into two groups 
with the same number of participants. The experimental group followed the proposed training program based on spe-
cific exercises based on energy systems, and the control group followed the regular training program implemented 
by the coach. All participants were informed about the study’s design and protocol prior to its commencement. None 
of them reported having any previous injuries. Then, they provided written informed consent before undergoing test-
ing. The study protocol was approved by the ethics committee of Al-Kitab University, and all procedures followed 
the ethical standards of the Declaration of Helsinki for research involving human subjects. There were no significant 
differences between the groups in terms of some anthropometric measurements, physiological abilities, or handball 
skills before the training programs were implemented (p > 0.05).
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Research Design

The research employed an experimental research design using a two-group pretest-posttest approach (Figure 1) with 
a limited number of participants [13]. The participants were tested at baseline and after exposure to six weeks of 
training. The participants were instructed not to engage in any other types of physical interventions that could influ-
ence the sole effect of the programs. The pre-test was conducted before the start of the training programs, whereas 
the post-test was performed after the completion of the eight-week programs.

Figure 1. Flow of the experiment.

Tests used in the research

A form was designed to determine the most important physiological indicators and basic handball skills along with their 
respective tests. This form was presented to a group of experts to gather their opinions on the validity of these indicators. 
Based on their feedback, the following tests were used in the research: vertical jump test (Sargent test) [14], step test 
for anaerobic capacity, Harvard test [15], shooting accuracy test performed from the base of the head at target squares 
(50 × 50), shooting accuracy test performed by jumping high to shoot at target boxes (50 x 50), shooting accuracy test 
performed from the front drop position at target boxes (50 × 50), hand whip passing from above the head in a circular 
shape from 4 m away for 30 sec, head-level passing whip handle on an oval drawn on a 30 sec wall [16- 19]. The valid-
ity of the tests ranged from 0.87 to 0.96, while their reliability ranged from 0.82 to 0.90.

Qualitative exercises protocol

The authors prepared specific exercises based on energy systems and drawing from scientific reviews and the opin-
ions of some experts in the fields of sports training, physiology, and handball. In developing them, the authors took 
into account the research sample, the tools used, the method of implementation, and the surrounding conditions, 
ensuring that the exercises effectively targeted the studied variables. The exercises used in the curriculum focused 
on developing energy systems and their capabilities through the application of the prepared training program, and the 
curriculum included the following components:
− The curriculum used during the special preparation period was applied to the experimental group, while the control 

group followed the curriculum prepared by their coach.
− The curriculum used included 24  training sessions, with three sessions per week, spanning a total duration of 8 

weeks.
− The duration of the training unit was 120 minutes, and the course part was in the main section of the training 

sessions (20–30 minutes), which is the period during which the special exercises were applied.
The authors ensured a gradual progression in the application of the training method used to ensure success, as the 
increase in the training load must occur at intervals to allow for functional adaptation [20]. The contents of the training 
were the exercises used in terms of size, intensity, and comfort. The authors relied on some scientific sources as well 
as personal interviews and the opinions of experts and specialists in the science of sports, physiological training, and 
handball training. The intensity ranged from maximum to sub-maximal, maintaining a work-to-rest ratio of 1:2. Rest peri-
ods were set according to the energy systems to allow for the recovery to be sufficient for starting the next exercise [21].
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Statistical Analysis

The statistical processing was performed using the Statistical Package for the Social Sciences (SPSS) for Windows, 
version 22.0 (IBM Corp., Armonk, NY, USA). The percentages were calculated, and the analysis also included means, 
standard deviations, the correlation coefficients, the paired sample t-test, and the independent sample t-test. Statisti-
cal significance was set at p < 0.05. For the purpose of using practical significance tests to complement statistical 
significance tests, the effect size was calculated [22]. Practical differences were assessed by calculating Cohen’s d 
effect size (ES) [23- 24]. The magnitudes of the t-test results were classified as follows [25]: 0.2–0.5 (small effect), 
0.5–0.8 (moderate effect), > 0.8 (large effect).

Results

The mean pre- and post-program results for the tested physiological indicators and basic handball skills for the con-
trol and experimental groups are presented in Table 1. A significant main effect of the training programs was found 
for the study indicators (p < 0.05). Large ES values were also found for differences in study indicators between 
pre- and post-program results (prepared by the coach). ES values ranged from 2.943 to 6.957, as the percentage 
improvements ranged from 3.04-55%. Large ES values were observed for differences in the study indicators between 
pre- and post-program results (energy-system-specific exercises), with ES values ranging from 4.685 to 28.66 and 
the percentage improvements ranging from 8.24 to 90.48%.

Table 1. Study variables (mean ± standard deviation, T value, effect size and percentage of improvement) in the pre- and post-programs 
of the experimental and control groups

Group Tests Pre-test Post-test R (p) T (p) Effect
size Magnitude Improvement

(%)

Control

Vertical jump test (for 
Sargent)

55.8 ± 3.61 60.6 ± 2.99 0.74(0.014)* 6.22(<0.001)** 3.934 Large 8.60

Step test of anaerobic 
capacity

451 ± 18.25 464.7 ± 17.44 0.87(0.001)** 4.653(0.001)** 2.943 Large 3.04

Harvard test 64.8 ± 2.57 68.4 ± 1.65 0.68(0.032)* 6(<0.001)** 3.795 Large 5.56

Shooting from the base 
of the head on the shoot-
ing accuracy squares 
(50×50)

2.4 ± 0.70 3.2 ± 0.63 0.80(0.005)** 6(<0.001)** 3.795 Large 33.33

Jumping high to shoot 
on the accuracy boxes 
(50x50)

2.6 ± 0.52 3.5 ± 0.53 0.82(0.004)** 9(<0.001)** 5.692 Large 34.62

Shooting from the front 
drop on the Shooting ac-
curacy boxes (50×50)

2 ± 0.47 3.1 ± 0.57 0.83(0.003)** 11(<0.001)** 6.957 Large 55

Hand whip passing 
from above the Head in 
a circular shape 4m away 
for 30 sec

13.3 ± 1.89 17.2 ± 2.39 0.70(0.025)* 7.134(<0.001)** 4.512 Large 29.32

Head-level passing whip 
handle on an oval drawn 
on a 30 sec wall

15.2 ± 2.94 18 ± 2.67 0.92(<0.001)** 7.799(<0.001)** 4.933 Large 18.42

Experimental

Vertical jump test (for 
Sargent)

56.4 ± 4.48 64.9 ± 4.12 0.65(0.043)* 7.408(<0.001)** 4.685 Large 15.07

Step test of anaerobic 
capacity

448.9 ± 16.27 485.9 ± 17.88 0.72(0.02)* 9.033(<0.001)** 5.713 Large 8.24

Harvard test 63.3 ± 2.58 72.8 ± 2.39 0.95(<0.001)** 35.35(<0.001)** 22.357 Large 15.01

Shooting from the base 
of the head on the shoot-
ing accuracy squares 
(50×50)

2.1 ± 0.57 4 ± 0.47 0.83(0.003)** 19(<0.001)** 12.017 Large 90.48

Jumping high to shoot 
on the accuracy boxes 
(50x50)

2.7 ± 0.67 4.5 ± 0.53 0.78(0.008)** 13.5(<0.001)** 8.538 Large 66.67
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The independent sample t-test was employed to determine whether either of the two training programs had 
a more robust effect than the other on the participants’ study indicators (Table 2). The t-values ranged from 2.641 to 
4.788, indicating a significant difference between the two training programs (p < 0.05) in favor of the experimental 
group. Large ES values were found for differences in the study indicators, ranging from 1.181 to 2.141.

Significant difference between Pre-test  Vs Post-test: ** p < 0.01, * p < 0.05

Shooting from the front 
drop on the Shooting ac-
curacy boxes (50×50)

2.5 ± 0.85 4 ± 0.82 0.80(0.005)** 9(<0.001)** 5.692 Large 60.00

Hand whip passing 
from above the Head in 
a circular shape 4m away 
for 30 sec

12.4 ± 1.84 19.8 ± 1.99 0.97(<0.001)** 45.316(<0.001)** 28.660 Large 59.68

Head-level passing whip 
handle on an oval drawn 
on a 30 sec wall

16.1 ± 3.28 22.5 ± 3.47 0.95(<0.001)** 18.827(<0.001)** 11.907 Large 39.75

 Tests Control Experimental T (p) Effect size Magnitude

Vertical jump test (for Sargent) 60.6 ± 2.99 64.9 ± 4.12 2.671(0.016)* 1.194 Large

Step test of anaerobic capacity 464.7 ± 17.44 485.9 ± 17.88 2.684(0.015)* 1.201 Large

Harvard test 68.4 ± 1.65 72.8 ± 2.39 4.788(<0.001)** 2.141 Large

Shooting from the base of the head 
on the shooting accuracy squares 
(50×50)

3.2 ± 0.63 4 ± 0.47 3.207(0.005)** 1.434 Large

Jumping high to shoot on the ac-
curacy boxes (50x50) 3.5 ± 0.53 4.5 ± 0.53 4.243(<0.001)** 1.897 Large

Shooting from the front drop on the 
Shooting accuracy boxes (50×50) 3.1 ± 0.57 4 ± 0.82 2.862(0.01)** 1.280 Large

Hand whip passing from above the 
Head in a circular shape 4m away for 
30 sec

17.2 ± 2.39 19.8 ± 1.99 2.641(0.017)* 1.181 Large

Head-level passing whip handle on an 
oval drawn on a 30 sec wall 18 ± 2.67 22.5 ± 3.47 3.25(0.004)** 1.454 Large

Significant difference between two the groups: ** p < 0.01, * p < 0.05

Table 2. Study variables (mean ± standard deviation, T value, and effect size) in the post-program of the control and experimental groups

Discussion

It is evident from the analysis of the preceding tables and presentation that there was progress in the control and ex-
perimental groups regarding the development of handball players' passing and shooting skills as well as improvement 
of physiological markers. The players' consistency and regular training, along with the coach's consistent approach, 
were identified by the authors as key factors contributing to the growth observed in the control group [26]. Expert 
agree that, regardless of their scientific and practical background, "if the training program is built on a scientific ba-
sis in organizing and programming the training process, using appropriate and gradual intensity, noticing individual 
differences, as well as using optimal repetitions and effective inter-rest periods under the supervision of specialized 
and under good training conditions in terms of place, time, and tools used, then it will inevitably lead to greater per-
formance” [27].

The authors attribute the significant development in the performance of the experimental group in the tests 
to the special exercises that the authors used to enhance aerobic capacity: the use of anaerobic exercises has 
been shown to contribute to improvements in aerobic capacity [28- 30]. Since the applied curriculum contains 
anaerobic exercises, which led to the development of aerobic capacity, the importance of special exercises was 
limited by the fact that they work hand in hand with good technique to enhance performance during various sport-
ing events [31]. This provides unambiguous scientific evidence supporting the relationship between workouts 
and players' engagement in the development of their competitive performance. According to the authors, one of 
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the most crucial physical attributes required for performing tasks involving the vertical jumps, such as shooting 
and jumping, is explosive power. The development of explosive power leads to an increase in vertical jump height 
[32]. In the majority of sports activities that require the vertical jump, explosive power takes precedence among 
the physical abilities [33].

To the best of our knowledge, this study is the first to examine the effects of specific exercises based on energy 
systems on the development of physiological indicators and passing and shooting skills in junior handball players. 

Limitations of the Study 

This study has some limitations. Specifically, long-term physiological effects should be monitored, and the 
sample size should be increased to obtain more reliable results. Future research should aim to address these 
limitations.

Conclusions

Both groups showed improvements in physiological indicators and passing and shooting skills in young handball 
players. Greater improvements in the experimental group in both physiological indices and skill execution were also 
observed. The time required for skill development was reduced by using qualitative exercises that were designed to 
mimic motor patterns and muscle functioning.

Practical Implications

Therefore, we recommend the implementation of a qualitative exercise method to evaluate physiological indica-
tors and the skills of young handball players. Periodic tests of special physiological indicators should be conducted at 
regular intervals when implementing training curricula. Using field-based tests will facilitate performance monitoring 
by coaches and athletes without resorting to complex and costly laboratory tests.
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