Gentral European Journal
of Sport Sciences
and Medicine

a quarterly journal

o University of Szczecin
m Faculty of Health
and Physical Education

Vol. 36, No. 4/2021






Gentral European Journal of Sport Sciences and Medicine | Vol. 36, No. 4202 1 |

Contents

Dimitrije Cabarkapa, Andrew C. Fry, Kevin M. Carlson, John P. Poggio, Michael A. Deane
KEY KINEMATIC COMPONENTS FOR OPTIMAL BASKETBALL FREE THROW SHOOTING PERFORMANCE 5

Faatihah Adeyinka Niyi-Odumosu, Shakrullah Adeniyi Odumosu, Olufunmilola Leah Dominic, Timothy Olusegun Olanrewaju,
lliasu Yakubu Seidina

PERCEPTION AND PRACTICE OF PHYSICAL ACTIVITY AND EXERCISE COUNSELLING IN RENAL CARE TEAM
IN NIGERIA 17

Bartosz Bolach, Jagoda Walowska, Paulina Chabraszewska, Karina Ryterska, Eugeniusz Bolach

POSSIBILITIES OF USING OUTPATIENT PHYSIOTHERAPY IN THE PROCESS OF REHABILITATION OF PEOPLE
WITH DEGENERATIVE DISC DISEASE IN THE LUMBOSACRAL SPINE 27

Michat Bergier, Barbara Bergier

LEVEL OF PHYSICAL ACTIVITY AMONG PERSONS FROM INDEPENDENT CULTURAL CENTERS ACCORDING
TO THE IPAQ CLASSIFICATION 37

Iwona Tabaczek-Bejster, Jerzy Kiszka, Grzegorz Konieczny
CHANGES RELATED TO THE FIRST AID IN WATER LIFESAVING IN POLAND (1962-2020) 45

Nonhlanhla S. Mkumbuzi, Michael Posthumus, Alison V. September, Malcolm Collins

GENETIC VARIATION AS A POSSIBLE EXPLANATION FOR THE HETEROGENEITY OF PAIN IN TENDINOPATHY:
WHAT CAN WE LEARN FROM OTHER PAIN SYNDROMES? 57

Umut Dikmen, Sebastian Schwab

THE INFLUENCE OF LIFE STRESS, COMPETITIVE TRAIT ANXIETY, AND SLEEP DISTURBANCE
ON INJURY SUSCEPTIBILITY IN FOOTBALL 73






Gentral European Journal of Sport Sciences and Medicine | Vol. 36, No. 4/2021: 515 I

IS (print): 2300-9705 | ISSN (online): 2353-2807 | DOI: 10.18276/ce].2021.4-01 %,5% oren @access

KEY KINEMATIC COMPONENTS FOR OPTIMAL BASKETBALL FREE THROW
SHOOTING PERFORMANCE

Dimitrije Cabarkapa8CPE

Jayhawk Athletic Performance Laboratory — Wu Tsai Human Performance Alliance, University of Kansas, Lawrence, KS, USA
ORCID: 0000-0001-9912-3251 | e-mail: dcabarkapa@ku.edu

Andrew C. Fry*BCDE

Jayhawk Athletic Performance Laboratory — Wu Tsai Human Performance Alliance, University of Kansas, Lawrence, KS, USA
ORCID: 0000-0001-8171-7684

Kevin M. Carlson”8

College of Arts and Sciences, Des Moines, IA, USA
ORCID: 0000-0003-4154-4664

John P. Poggio*©

Department of Educational Psychology, University of Kansas, Lawrence, KS, USA
ORCID: 0000-0001-9432-4871

Michael A. Deane”P

Jayhawk Athletic Performance Laboratory — Wu Tsai Human Performance Alliance, University of Kansas, Lawrence, KS, USA
ORCID: 0000-0002-0954-7649

A Study Design; ® Data Collection; ¢ Statistical Analysis; > Manuscript Preparation; & Funds Collection

Rbstract The purpose of this study was to determine the difference in five kinematic variables (internal knee and elbow angles,
elbow height, forearm angle from vertical, and shoulder flexion angle at ball release) between proficient and non-proficient free
throw shooters and which variables had the greatest contributions to a successful free throw shooting outcome. Seventeen male
basketball players shoot three sets of 10 free throws with a two-minute break between each set. A three-dimensional motion
tracking system composed of 17 sensors sampling at 60 Hz was used for data collection. Proficient free throw shooters had
greater knee and elbow flexion, lower elbow height, and a smaller forearm angle compared to non-proficient shooters. These
results explained 89.5% of the total variance. While maintaining the optimal range of these kinematic variables allows each
subject to reach an appropriate level of free throw shooting performance, the key variable capable of distinguishing between
made and missed shots within the proficient group of shooters was the forearm angle. Positioning the forearm parallel, or close
to parallel, with an imaginary vertical line during the preparatory phase of the shooting motion accounted for 23.9% of the total
variance and was associated with a greater number of made shots.

Key words coaching, sport science, shooting technique, analysis
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Introduction

Basketball is considered one of the most popular sports worldwide. Fast pace, high scoring, and highly skilled
movements significantly contribute to the overall attractiveness of this sport. Since 1891, when James Naismith
invented the game of basketball, numerous modifications have been made in order to improve the flow, scoring, and
safety of the game while free throw rules have stayed unchanged for almost a century.

Previous research has shown that free throw performance is one of the key factors for determining winning
or losing within some of the highest levels of basketball competition (Sampaio, Janeira, 2003). During a regular
basketball season, results of four to six games have been solely determined by the in-game players’ free throw
shooting performance (Hays, Krause, 1987). The team’s ability to secure and make more free throw attempts, as well
as achieve higher overall shooting percentage, has been correlated with the positive final game outcome (Csatalsay,
O’Donoghue, Hughes, Dancs, 2009; Sampaio, Janeira, 2003; Trninic, Dizdar, Luksic, 2002). Additionally, it has been
shown that an optimal free throw shooting performance is even more critical close to the end of the game (Sampaio,
Janeira, 2003). Currently, based on general coaching norms and previous research findings, it is considered that
the average success rate for adult free throw shooting performance is approximately 70% (Mullineaux, Uhl, 2010;
Sampaio, Janeira, 2003; Tran, Silverberg, 2008). Depending on the in-game requirements and the playing style,
the percentage of total game points scored from the free throw line can range between 19-25% (Branch, 2009;
Kozar, Vaughn, Whitfield, Lord, Dye, 1994; Sampaio, Janeira, 2003). Hence, considering the impact that successful
free throw shooting performance can have on the overall number of scored points and the final game outcome, it
is not surprising that basketball coaches dedicate a considerable amount of time to coaching this shooting motion.

Even though the free throw shot has been considered one of the easiest uncontested shooting motions in
the game of basketball (Okubo, Hubbard, 2006), many players on various levels of competition struggle with its
optimal and consistent execution. A considerable amount of scientific literature has been focused on addressing
the optimal free throw shooting trajectory from a theoretical point of view, and its kinematic components that could
lead to the successful free throw outcome (Brancazio, 1981; Hamilton, Reinschmidt, 1997; Huston, Grau, 2003;
Okubo, Hubbard, 2006; Tan, Miller, 1981; Tran, Silverberg, 2008). Two of the most commonly observed variables
necessary for the optimal ball trajectory during a free throw shot include release angle and release speed (Hamilton,
Reinschmidt, 1997; Hudson, 1985; Miller, Bartlett, 1996; Tan, Miller, 1981; Tran, Silverberg, 2008). Hamilton and
Reinschmidt (1997) found that the optimal release angle and ball speed for a basketball free throw shot should be
60 degrees and 7.3 m-s™, respectively. Tan and Miller (1981) obtained similar conclusions regarding the optimal
projection velocity magnitudes; however, their theoretical estimations for the angle of basketball projection were
lower by approximately nine degrees. Huston and Grau (2003) took a step further with an attempt to theoretically
determine the optimal shooting kinematics for various shooting strategies such as free throw, standard shot, and
lay-up. The estimated free throw release angle of 51.2 degrees exhibited almost identical agreement with the
findings of Tan and Miller (1981), while the minimal release speed was estimated to be 7.14 m-s™ (Huston, Grau,
2003). Furthermore, when producing hundreds of thousands of three-dimensional free throw basketball trajectory
simulations, Tran and Silverberg (2008) obtained similar findings while adding that if the release angle falls under
52 degrees, the player will be more susceptible to error. Considering that it is almost impossible to produce the
identical body motion multiple times in a row, Huston and Grau (2003) estimated the allowable margin of error for
each of these variables. They determined that the allowable deviations for the release angle are roughly seven
degrees and the ball speed 0.15 m's™ (Huston, Grau, 2003). Thus, failure to achieve these optimal kinematic
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magnitudes and stay within the recommended range could potentially lead to an unsuccessful free throw shooting
attempt. While some may assume that these kinematic characteristics are only prominent within high skill basketball
players, Hudson’s (1985) findings reveal nonexistent differences in both release angle and release speed between
low, moderate, and high skill free throw shooters, suggesting that there might be other kinematic contributors
affecting the successful execution of the free throw shooting motion.

While the disagreement in release angle and speed between the previously mentioned studies is minimal,
the inability to achieve the optimal shooting trajectory may also be attributed to the difference in the estimated
average basketball player height incorporated into their theoretical computations. Hamilton and Reinschmidt (1997)
indicated that, besides optimal release angle and speed, individual anthropometric characteristics may be another
influential factor that influence overall shooting accuracy. For a 6 ft (182.9 c¢m) basketball player, the average
release height is estimated to be approximately 7 ft (2.134 m) (Huston, Grau, 2003; Tran, Silverberg, 2008). Tran
and Silverberg’s (2008) findings indicate that greater height of ball release is related to an enhanced basketball
shooting performance. Given the equal shooting ability, Brancazio (1981) further supports Tran and Silverberg’s
findings and denotes that taller players tend to have an advantage in free throw shooting performance due to the
enlarged margin of error caused by the higher point of release. It is assumed that these observations may be mainly
induced by the lower speed of release and reduced force production requirements (Brancazio, 1981). However,
these findings contradict some of the stereotypical beliefs, advocating that taller players tend to be poorer free
throw shooters (Robinson, 2016). It is generally assumed that due to a higher release point, a taller player needs
to make up for the ball trajectory which requires additional muscular control (Robinson, 2016). While the height
contribution to the optimal free throw shooting accuracy is still an underexamined idea, sport scientists need to
be conscious of a possibility that designated playing positions more than players’ heights are affecting the free
throw shooting proficiency. Miller and Bartlett (1996) found more consistent changes in shooting kinematic patterns
with adjustments in shooting distances for guards when compared to centers. These findings suggest that shorter
players might be more accustomed to shots further away from the basket, such as a free throw, due to their on-court
playing requirements (Miller, Bartlett, 1996).

Another factor that has been considered to play an important role for proper free throw shooting mechanics
is the backspin. Previous research has found that a free throw shot with more backspin has greater chances to
result in a positive outcome (Brancazio, 1981; Hamilton, Reinschmidt, 1997; Okubo and Hubbard, 2006). When
a greater margin of error might be created with player’s inability to achieve the optimal angle, height or speed at
the time point of the ball release, applying an appropriate amount of backspin can serve as a correction factor that
may make up for the lack of other kinematic properties (Okubo, Hubbard, 2006). Considering that it is uncommon
for an average basketball player to make a series of perfect free throw shots without touching the front or back part
of the rim, applying back spin might be a critical component. Based on the laws of physics, when a basketball with
an appropriate amount of backspin touches the rim, it will alter its translational and rotational motions (Brancazio,
1981). Due to this effect, the ball can roll into the rim even though the shot trajectory was not ideal (Brancazio, 1981).
Several other reports further support the importance of the backspin while suggesting that players should aim closer
to the back of the rim as this approach can elicit a higher free throw shooting accuracy (Hamilton, Reinschmidt,
1997; Okubo, Hubbard, 2006; Tran, Silverberg, 2008). Additionally, while backspin is important for proper shooting
trajectory, the force exerted on a rapidly spinning cylinder through the air in a direction at an angle to the axis
of spin, known as the Magnus effect, could potentially influence the optimal free throw trajectory. Huston and Grau
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(2003) estimated that the Magnus effect with a 7.14 m-s~' ball release speed, is capable of exerting force about 4%
of the overall basketball weight. Although, when considering that average time for free throw shot is approximately
one second, the effect of air resistance within this small amount of time might not be capable of eliciting significant
modifications to the optimal ball trajectory (Brancazio, 1981).

Based on the previously mentioned research findings, we understand that there is a considerable amount
of scientific literature addressing some of the major factors necessary for the optimal free throw shooting trajectory.
While their validity and importance remain intact and unchallenged, the practical segment of sports science that
addresses the influence of some of the highly emphasized coaching cues for kinematic variables that players can
instantaneously implement to improve free throw shooting performance is almost non-existent. Hence, the purpose
of this study was to investigate the difference in these kinematic variables between proficient and non-proficient
free throw shooters, as well as to determine which variables have the greatest contribution to the successful free
throw shooting outcome.

Methods
Subjects

Seventeen healthy recreationally active male basketball players (height = 182.7 +8.9 cm, weight = 88.9
16.5 kg, age = 29.6 +£10.1 years) volunteered to participate in this research study. Each participant completed
the informed consent form prior to any testing procedures. Participants with any musculoskeletal injuries were
not permitted to participate in this study. All procedures performed in this study were previously approved by the
University’s Institutional Review Board.

Procedures

Upon arrival to the testing facility, participants performed a standardized warm-up procedure consisting
of a five-minute treadmill run at a moderate intensity and a set of dynamic exercises involving high knees, butt-
kicks, lunge-and-twist, lateral slides, high skips, and lateral lunges. Each participant was individually familiarized
with a three-dimensional motion tracking system (XSENS MVN Awinda, Enschelde, Netherlands) used for the data
collection. The motion tracking system, sampling at 60 Hz, contained 17 wireless sensors secured with a specially
designed tight Lycra suit and a set of mounting Velcro straps. Each sensor was composed of an accelerometer,
gyroscope, magnetometer, and barometer. All sensors were individually placed based on the manufacturer’s
instructions on the following body locations: left and right foot (middle of the bridge of foot), left and right shank
(anterior surface of the tibia), left and right lateral mid-thigh (superior to the knee), pelvis (posterior sacrum), sternum
(middle of the chest), left and right shoulder (mid-scapula), left and right upper arm (lateral side superior to the
elbow), left and right posterior forearm (proximal to the wrist), left and right posterior hand, and head (middle of the
forehead by frontal eminence). After placement of the sensors, the motion tracking system was calibrated following
the detailed instructions provided by the manufacturer. Each participant was provided with a size 7 standardized
basketball (75 c¢m), while the goal was positioned at a standardized height of 10 feet (3.05 m). The experimental
set-up is shown in Figure 1. Participants shot three sets of 10 free throws with a two-minute break between each
set to assure adequate recovery. Throughout all testing procedures, a rebounder was present in order to preserve
participant’s energy and assure an optimal focus directed towards the free throw shooting motion. A research
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assistant kept track of the overall number of free throw shots that the participant took, as well as which specific
shots were missed. To eliminate any possible distractions caused by other participants in the testing facility, each
participant individually performed the testing procedures. Recorded performance variables include number of made
and missed free throw shots, and the percentage of made free throws. Participants making =70% of their free throw
shots were categorized as “proficient”, and those making <70% were categorized as “non-proficient”, based on the
feedback from our panel of experts.

Figure 1. Experimental set-up

Variahles

This study was focused on five free throw kinematic variables, selected after extensive conversations with
an expert panel of highly reputable basketball coaches, and obtaining their input regarding key factors considered
crucial for the optimal free throw shooting performance. The first dependent variable is the knee angle (Figure 2,
angle a) which is defined as the maximum internal angle at the knee joint during the preparatory phase of the
free throw shooting motion. The second dependent variable is the elbow height (Figure 2, line b), defined as the
perpendicular distance between the olecranon process and the ground immediately prior to the free throw initiation.
The third dependent variable is elbow angle (Figure 2, angle c), defined as the internal angle of the elbow at the
initial stage of the free throw shooting motion. The fourth dependent variable is the forearm angle (Figure 2, angle
d), defined as the angle between the long axis of the forearm and an imaginary vertical line at the initiation of the
free throw shooting motion. This variable is used to determine the magnitude of the lateral elbow deviation. If the
forearm is parallel with the imaginary vertical line, the forearm angle value will be equal to 0°. The fifth dependent
variable is the shoulder angle (Figure 2, angle e), which is the angle between the long axis of the arm segment and
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an imaginary vertical line that passes right through the center of the glenohumeral joint at the time point of the ball
release. The value for the shoulder angle is equal to 0° when an individual is standing in the standard anatomical
position with the upper limbs parallel to the torso.

H!IIII‘H 2. Graphical representation of measured dependent variables: (a) knee angle, (b) elbow height, (c) elbow angle, (d) forearm
angle, (e) shoulder angle

Statistical Analysis

Descriptive statistics and standard deviations (x = SD) were calculated for each of the dependent variables.
A multivariate Hotelling’s T-Squared test was used to detect the difference in the dependent variables between
proficient (=70%) and non-proficient (<70%) free throw shooters. Although the purpose of this study was not to
develop a prediction equation and determine the optimal shooting kinematics, a full-model discriminant function
analysis was used to quantify the contribution of each of the dependent variables separating proficient from
non-proficient free throw shooters. Additionally, a multivariate Hotelling’s T-Squared test was used to determine the
difference in the dependent variables between made and missed free throw shots within just the group of proficient
free throw shooters (=70%). Levene’s test was used to examine if the data sets met the homogeneity of variance
assumption. Statistical significance was set a priori to p < 0.05. All statistical analyses were completed with SPSS
Version 25.0 software statistical package (SPSS Inc. Chicago, IL, USA).

Results

Mean values and standard deviations (x + SD) for each of the dependent variables for both proficient (270%)
and non-proficient (<70%) free throw shooters are presented in Table 1. The average free throw shooting percentage
for proficient and non-proficient group of free throw shooters was 82.7 +7.9% and 52.4 +13.4%, respectively.
The total number of free throw shots that subjects performed was 495, from which 295 shots have been attempted
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by proficient and 200 by non-proficient free throw shooters. In order to assure equal sample sizes and avoid violation
of homogeneity of variance, 95 samples from the proficient group of shooters have been randomly removed by the
SPSS software. Hotelling’'s T-Squared test indicated a highly significant difference (p < 0.001) between all of the
dependent variables examined in this study, except for the shoulder angle variable (p > 0.05).

Tahle 1. Mean and standard deviations (x + SD) for all dependent variables between proficient (270%) and non-proficient (<70%)
free throw shooters

Dependent variables Proficient shooters Non-proficient shooters
Knee flexion (deg) 108.5 9.8 117.9 £16.3’
Elbow height (cm) 147.6 £9.3 153.4 £16.5
Elbow angle (deg) 719456 80.5 6.3
Forearm angle (deg) 79172 19.8 +17.6°
Shoulder angle (deg) 123.4 £15.3 1244 +14.2

* Significant difference (p < 0.05).

Based on the standardized discriminant function analysis weights, the highest prominence in predicting
proficient vs. non-proficient free throw shooters was attributed to the elbow angle and forearm angle variables.
The magnitudes of standardized discriminant function coefficients (beta weights), and the percentage of total
and explained variance for each of the dependent variables examined in this study are presented in Table 2.
The computed discriminant function analysis was able to correctly classify free throw shooters in the proficient or
non-proficient category based on the observed dependent variables in 89.5% cases. The detailed classification
results for predicted group membership are presented in Table 3.

Talile 2. Standardized discriminant function coefficients, and the percentage of explained and total variance for each of the
dependent variables examined in this study

Dependent variables Standardized coefficients Percentage of explained variance Percentage of total variance
Knee flexion (deg) -0.091 32 29
Elbow height (cm) -0.604 215 19.2
Elbow angle (deg) 1.151 41.0 36.7
Forearm angle (deg) 0.750 26.7 23.9
Shoulder angle (deg) -0.213 76 6.8
Total 100.0 89.5

Canonical correlation = 0.723 (effect size = 0.523).

Talle 3. classification results for predicted group membership

Predicted group membership

Actual Group - — Number of cases
non-proficient proficient
Non-proficient 176 (88%) 24 (12%) 200
Proficient 18 (9%) 182 (91%) 200

89.5% of subjects correctly classified (p < 0.05).
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Mean values and standard deviations (x + SD) for each of the dependent variables between made and
missed free throw shots within the proficient (=70%) group of shooters are presented in Table 4. The total number
of made and missed free throw shots was 157 and 43, respectively. Levene’s test did not reach the level of statistical
significance (p > 0.05) for all of the variables examined in this study. The only statistically significant difference in
the dependent variables between made and missed free throw shots within a group of proficient free throw shooters
was present for the forearm angle variable (p = 0.004).

Tahle 4. Mean and standard deviations (x + SD) for all dependent variables between made and missed free throw shots within
proficient (=70%) free throw shooters

Dependent variables Made shots Missed shots
Knee flexion (deg) 108.1 +10.1 110.0 8.3
Elbow height (cm) 147.7£9.2 147.2£9.9
Elbow angle (deg) 72353 70.5 6.5
Forearm angle (deg) 72156 10.7 £10.1°
Shoulder angle (deg) 123.5+15.8 122.7 £13.7

* Significant difference (p < 0.05).

Discussion

Based on the findings of this study, we identified some distinguishable kinematic differences between
proficient and non-proficient free throw shooters. Proficient free throw shooters implemented some of the highly
emphasized coaching cues during the preparatory phase of the shooting motion, which ultimately lead to increased
shooting accuracy. Considering that knee flexion allows for the optimal lower body leverage and power contribution,
the proficient group of shooters had significantly lower knee angles values compared to the non-proficient group.
Despite the minimal or almost non-existent impact on the overall shooting ability prediction model, greater knee
flexion during the preparatory phase of the free throw shooting motion may play an important role in achieving the
desired level of free throw shooting accuracy. Our observations are in agreement with the findings of Cabarkapa,
Fry, Poggio, Deane (2021) that used video analysis to examine kinematic differences between proficient and non-
proficient free throw shooters. In another investigation, the researchers suggested that greater total movement
in the knee joint was one of the critical kinematic components for successful free throw shot (Ammar, Chtourou,
Abdelkarim, Parish, Hoekelmann, 2016). Unlike observed in the present study, lower flexion in the preparatory phase
and greater extension at the release phase of the shooting motion were related to improvements in player’s shooting
technique and ultimately lead to a greater number of made free throws (Ammar et al., 2016). However, when the
difference in the knee angle between made and missed free throw shots was examined within a group of proficient
shooters, the knee angle did not demonstrate statistical significance. Similar findings were reported by Uygur,
Goktepe, Ak, Karabork, Korkusuz (2010) when they examined the effect of fatigue on kinematics of basketball free
throw shooting technique. They found that the knee angle before, after, and at the ball release was not significantly
different between made and missed free throw shots (Uygur, Goktepe, Ak, Karabork, Korkusuz, 2010). The inability
to observe a difference in knee flexion may be mainly attributed to the cohort of subjects that volunteered to
participate in the study. Uygur at al.'s (2010) observations were based on a group of high-level collegiate athletes
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that are assumed to have a respectable average free throw percentage, which based on their free throw shooting
skill ability, might be comparable to the proficient group of shooters tested in the present study.

Two dependent variables that demonstrated the greatest impact in predicting between proficient and non-
proficient free throw shooters were elbow flexion and forearm angle. Proficient shooters had greater elbow flexion
and less lateral elbow deviation from the imaginary vertical axis when compared to the non-proficient group of free
throw shooters. While to date, no research has specifically focused on the importance of these variables for proper
shooting mechanics and their influence on the optimal shooting trajectory, Mullineaux and Uhl (2010) examined
the coordination-variability and kinematic differences between made and missed free throw shots within a cohort
of elite collegiate basketball players. They found that the elbow kinematics influenced the wrist mechanics though
velocity-dependent-torques (Mullineaux, Uhl, 2010). Although Miller and Bartlett (1996) focused on examining the
kinematic differences between short, mid-range, and long-range basketball shots through high-speed videography,
their findings further support the importance of the elbow-wrist alignment and indicate that elbow extension for both
guards and forwards was related to the increased release speed of the ball. Hence, considering the importance
of proper backspin during the release phase of the free throw shot (Brancazio, 1981; Hamilton, Reinschmidt, 1997;
Okubo, Hubbard, 2006), we can assume that our data builds upon the previously mentioned literature. Proper elbow
positioning may allow for the optimal amount of backspin applied on the ball through proper kinematic chaining at
the time point of ball release. Greater elbow flexion can potentially increase the force production necessary to push
the ball away from the body while minimal to no forearm deviation would assure that the applied force is completely
transmitted through the imaginary vertical axis. Ultimately, failure to achieve the previously mentioned kinematic
parameters may impair achieving optimal ball release velocity and height, which has been previously determined
as the vital components for the successful outcome of the free throw shot (Hamilton, Reinschmidt, 1997; Hudson,
1985; Miller, Bartlett, 1996; Tan, Miller, 1981; Tran, Silverberg, 2008).

Considering that it is necessary for proficient free throw shooters to maintain all of the other kinematic
variables examined in this study within the optimal range, an inability to position the forearm parallel, or as close
to parallel, with an imaginary vertical line was as a key factor contributing to an unsuccessful shooting outcome.
The difference in the forearm angle between made and missed shooting attempts observed within a proficient
group of free throw shooters was minimal; approximately three degrees. While successful execution of the free
throw shooting motion requires precise movements influenced by endless number of body kinematic combinations
(Hudson, 1985), previously conducted research indicated that margin of error that can distinguish between made
and missed free throw shots is very small (Mullineaux, Uhl, 2010). In order to assure that these conditions have
been met, we may be able to focus on another variable observed in this study, the elbow height. It is logical that
the player’s ability to achieve greater elbow flexion and decrease the amount of forearm medial or lateral deviation
will lead to lower elbow height. Our findings entirely support these assumptions, indicating that the subjects in
the proficient group of shooters had significantly lower elbow heights during the preparatory phase of the free
throw shooting motion when compared to the non-proficient group of shooters. While the magnitude of difference
was evident, the elbow height demonstrated negative moderate to strong contribution to predicting the player’s
free throw shooting proficiency. This signifies that higher elbow positioning might be related to increased chances
of negative free throw shooting outcome. Thus, based on these findings we may assume that the elbow height might
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serve as a rapid estimate for the proper elbow positioning during the preparatory phase of the free throw shooting
motion that can be quickly assessed by basketball coaching personnel in a practical setting.

While all of the previously mentioned kinematic variables were significantly different between the proficient
and non-proficient group of free throw shooters, the only variable with almost nonexistent difference was the
shoulder angle. Our results revealed similar values when compared to the findings of Miller and Bartlett (1996),
even though they reported shoulder angle values at the time-point of the ball release for mid-range shots within
the free throw shooting line distance. Interestingly, while Goosey-Tolfrey, Butterworth and Morriss (2002) analyzed
upper-body kinematics of the free throw shot within a cohort of wheelchair basketball players, the shoulder angle
at the ball release detected was almost identical to the values observed in this study. It was suggested that less
shoulder flexion leads to greater wrist velocity compensation (Goosey-Tolfrey, Butterworth, Morriss, 2002). Based
on these findings we can be assume that despite the inability to observe the difference in the shoulder angle
variable between the proficient and non-proficient groups of free throw shooters, both groups were able to attain
the optimal shoulder angle magnitudes. Similar findings from Ammar et al. (2016) study focused on examining the
difference in shoulder angle at the time-point of ball release between made and missed free throw shots. While
the shoulder angle was not significantly different in the present and in the previously mentioned studies, we should
not assume that this variable is unnecessary for the successful shooting outcome, especially when considering the
slight negative influence of this variable on the free throw outcome prediction model. Thus, we may want to treat
this variable as one of the first and most commonly adjusted factors needed to achieve the optimal release angle
and velocity.

While all of the previously mentioned variables exhibited significant and a considerable contribution to overall
free throw shooting skill prediction, we need to be cautious when interpreting these results. The findings of this study
need to be interpreted more as a set of key interdependent kinematic variables, than solely focus on one specific
variable. Even though players may be capable of achieving an optimal forearm angle, an inability to control for the
optimal magnitudes of the other key kinematic components during the preparatory and completion phase of the
shooting motion can result in unsuccessful shooting performance. Considering that this was the first study focused
on investigating the influence of some of the highly emphasized free throw coaching cues on the success of the
free throw shooting performance, further research is needed to examine the relationship between the variables
examined in this study and their effect on the optimal shooting trajectory. Moreover, while our observations were
solely based on a cohort of recreationally active basketball players, further research should focus on examining
the difference in the same kinematic variables within diverse levels of basketball playing competitions such as high
school, collegiate, and professional.

Conclusion

Based on the findings of this study, we can conclude that common coaching cues addressing the proper
preparatory and completion phases of the free throw shooting motion can significantly influence the positive outcome
of the shot and successfully distinguish between proficient and non-proficient free throw shooters. Proficient free
throw shooters exhibited greater knee and elbow flexion, lower relative elbow height, and smaller forearm angle
values relative to vertical. While maintaining the optimal range of these kinematic variables can allow a player to
reach an acceptable level of free throw shooting performance, the key variable capable of distinguishing between
made and missed shots within the proficient group of shooters was forearm angle. The ability to position the forearm
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parallel, or close to parallel with the imaginary vertical line during the preparatory phase of the shooting motion may
result in a greater number of made free throw shots.
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RBSIPAEL Introduction. Physical activity (PA) in Chronic Kidney Disease (CKD) requires positive attitude and practice among
the renal care team (RCT). The study examined the perceptions and practices of PA and exercise counselling among the RCT
in Nigeria.

Methods. The study is 24-item cross-sectional survey on exercise counselling practices on 281 renal care practitioners
(females = 149, males = 132; mean age = 42 +10 years; renal physicians (39%), nurses (50%), and others (11%)) at the 30"
annual conference of NANCONF.

Results. Forty two percent did not exercise regularly and 58% engaged in moderate-to-vigorous intensity. 92% agreed sedentary
lifestyle is a health risk; 96% agreed that increasing PA is beneficial; and 81% reported that PA is beneficial for patients. 35%
recommended PA; 17% referred patients to exercise professionals and 11% facilitated implementation of PA. Barriers to the
implementation of PA were lack of motivated patients (75%), resources (69%), funds (66%), and motivated staff (63%).
Conclusion. Perceptions and practices of PA and exercise counselling in the RCT in Nigeria is promising with inconsistencies
between beliefs in the benefits of PA and actual implementation. Addressing the reported barriers could improve the
recommendation of PA in patient’s management.

KEV words physical activity, exercise counselling, perception and practice, renal care team, Nigeria
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Introduction

Physical activity (PA) influences health through the prevention, control and management of diseases.
The recommendations (US Department of Health and Human Services, 2008; World Health Organisation, 2010)
emphasise the importance of regular moderate-to-vigorous intensity PA on most days or alternate days of the week
with a reduction in sedentary time to the wellbeing. Most health recommendations specifically emphasize minimizing
sedentary lifestyle, which is a universal modifiable risk factor for the occurrence and progression of cardiovascular
and long-term metabolic diseases (hypertension, type 2 diabetes, and CKD). Chronic kidney disease (CKD) refers to
the damage of the kidney with glomerular filtration rate (GFR) less than 60 mL/min/1.73 m? for at least three months
(Chukwuonye et al., 2018). Patients with CKD often experience physiological dysfunctions leading to muscular
atrophy, which may be caused by the imbalance between synthesis and degradation of muscle protein, amino
acid depletion, chronic inflammation, malnutrition syndrome, change in capillary profusion, peripheral neuropathy
and physical inactivity (Tomich, Bernardino, Ferreira, 2014). Patients with CKD experience exercise intolerance-
induced anemia and hypervolemia such that treatment of these conditions does not improve exercise tolerance
(Kosmadakis et al., 2010). The exercise intolerance causes sedentary lifestyle, which leads to higher degeneration
of physical and mental health (Hopman et al., 2009; Tomich et al., 2014). Based on this, physical activity is regarded
an important factor in the primary treatment of CKD.

Numerous studies have shown that exercise is safe and beneficial for patients with non-dialysis (Kosmadakis
etal., 2012; Gould, Graham-Brown, Watson, Viana, Smith, 2014; Sokunbi, 2017) and dialysis CKD (Johansen, 2008;
Wilund et al., 2010). Despite these known benefits, patients with CKD involvement in PA is deficient. Supervised
exercise programme is one of the components of health promotion intervention aimed to slow the progression
of CKD, improve quality of life, reduce the need for hypertensive treatment, and morbidity and mortality (Segura-
Orti, 2010). PA has positive outcomes in exercise tolerance and reduction of inflammatory mediator. It increases
the synthesis of muscle protein, reduce muscle protein degradation, and increase in the number and size of muscle
fibers which increases the muscle strength. In addition, central gains such as improvement of left ventricular
function, decrease in the occurrence of cardiac arrhythmias, reduced risk of cardiovascular and metabolic diseases
have been reported (Hopman et al., 2009; Segura-Orti, 2010; Nascimento, Coutinho, Silva, 2012; Sokunbi, 2017).
As reported by Tomich et al. (2014), six weeks exercise intervention programme improved the functional capacity
and the quality of life of patients living with CKD with the effect sizes ranging from moderate to large. Based on the
numerous benefits of PA outlined above, it is imperative that health care practitioners treating patients with CKD
(with other chronic lifestyle diseases) include PA in their treatment programme and encourage their patients to meet
the recommended PA guidelines based on personalised intensities of PA.

Although, there are scanty statistics on the incidence and prevalence of CKD in Africa (and specifically in
Nigeria), renal disorders especially glomerular disorders are more prevalent in Africa than in the western world
(Naicker, 2003). The incidence of CKD accounts for 8-10% of hospital admissions in Nigeria which may be far
from the true situation as the incidence of CKD is largely under recognized and underdiagnosed (Akinsola et al.
in Ulasi, ljoma, 2010). The cases of end-stage renal disease (ESRD) are mostly presented and it is believed that
they represent the tip of the iceberg of the entire burden of CKD (Bello, Nwankwo, Nahas, 2005). The prevalence
of CKD in Nigeria is about 26%, higher in females, and increase steadily with age (Alebiosu, Ayodele, 2005).
The most common risk factors for CKD were obesity, diabetes mellitus, hypertension, family history of hypertension
and family history of renal disease. The less common risk factors were low-income occupation, use of traditional
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medications, low hemoglobin, and central obesity (Chukwuonye et al., 2018). The progression of CKD and its
mortality is high and the major causes of death in this part of the world are late presentation and prohibitive cost
of treatment, including indirect costs such as man hour loss at workplace or outright loss of job and its devastating
consequence (Ulasi, ljoma, 2010) especially, for those who are the bread winners of their families. Currently, the
very few renal replacement therapies that are available are not readily accessible as most of these centres are
situated in urban areas and are run with refurbished poorly maintained machines (Ulasi, ljoma, 2010). Thus, PA
becomes a vital alternative for slowing down the progression of CKD and its degenerative consequences since it is
an easy, accessible, reliable and cost-effective resource for several health conditions.

The health care institution is suitable and promising for prescribing physical activity (Borjesson, 2013). Renal
physicians have been advised to routinely assess patients’ physical activeness and counsel sedentary patients
to be physically active (Johansen, Sakkas, Doyle, Shubert, Dudley, 2003; Delgado, Johansen, 2010) but despite
this recommendation, it is observed that the renal care team in Nigeria rarely address this issue in the care and
management of patients. Based on the affective-reflective theory of physical inactivity and exercise (ART), it is
assumed that a stimulus triggers automatic associations and a resulting automatic affective valuation of exercise
(Brand, Cheval, 2019). Value or interest in exercising among CKD patients could be initiated and reinforced by the
renal care practitioners. However, the practitioners’ perceptions, experience, feelings, and thoughts about exercise
influence is paramount and is often a reflection of their current exercise behaviour as only those who exercise
routinely are most likely to encourage and support others to exercise. The health care professionals may fail to
recommend exercise for their patients due to lack of consensus among transplant professionals about recommending
and prescribing exercise, time constraints, lack of confidence in their ability to counsel patients, lack of conviction
that patients will respond to counseling, and the belief that other medical issues are more important than exercise
(Sokunbi, 2017). The assessment of exercise counselling habits amongst renal health care professionals in the
USA (Delgado, Johansen, 2010), Canada (Ma, Lui, Brooks, Parsons, 2012), and in the UK (Greenwood et al., 2013)
are available but to date, no formal evaluation of exercise counselling practices among renal care team has been
conducted in Africa (including Nigeria).

The Nigerian Association of Nephrology (NAN) is a multidisciplinary body of renal experts in Nigeria, which
was established in 1987. Members include renal physicians and other medical staffs (nurses, researchers, dietitian,
physiotherapists, exercise scientists etc.) involved in the care of patients with kidney disorders or researching into
renal medicine in Nigeria. The members meet annually for the Nigerian Association of Nephrology Conference
(NANCONF). The present study was conducted during the NANCONF 2018 and the objectives were to (i) determine
the perception of physical activity or exercise counselling and assessment, (ii) establish the physical activeness,
and (iii) identify possible barriers to exercise counselling among the attendees.

Methods

A cross-sectional survey-designed study was conducted on renal multidisciplinary team (MDT) delegates
that attended the 30™ annual scientific conference and general meeting of the Nigerian Association of Nephrology
Conference (NANCONF, 2018) in llorin, Kwara State, Nigeria.
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Ethics

The study was reviewed and approved by Loughborough University’s local ethics committee. The participants
or respondents provided their written informed consent to participate in this study.

Participants

A short presentation of the study and the recruitment process was delivered during the plenary session
(in @ common room) to all the delegates. All the 403 renal practitioners who attended the NANCONF 2018 were
recruited, however, only 281 (70.3%) validly participated in the survey. The participants’ average age was 42
110 years, 53% females (n = 149) and 47% males (n = 132).

Data Gollection

A questionnaire was adapted from Johansen et al. (2003), Delgado and Johansen (2010), and Greenwood
et al. (2014). The questionnaire was validated by the steering committee of the Nigerian Association of Nephrology.
It consisted of 24 items that were subdivided into four sections regarding opinions and practices related to exercise
counselling. A 3-point Likert ratings of the opinions and practice (agree, disagree or do not know) and exercise
counselling habits (frequently, infrequently or never), was used. Respondents were also asked how often they
assessed patients’ physical activity levels, prescribed or recommended physical activity, offered written information
about physical activity, referred patients to exercise professional, or provided exercise equipment for patients’ use
during dialysis. They were then asked to choose from a list of barriers that hinder promotion of physical activity and
exercise counselling practices in their hospitals. Information was collected about the characteristics of respondents’
practices (practice settings and services available for patients with CKD). Finally, respondents indicated their levels
of physical activity by choosing from a list of options based on the current physical activity guidelines and were
asked to write other services or barriers not included in the survey (but available in their practice centres) in the
free text box. The questionnaire required approximately 10 minutes to complete, was anonymous, and a designated
member of the research team retrieved them instantly before the end of the conference.

Statistical Analysis

Descriptive statistical analysis was explored. The participants’ characteristics were described using mean and
standard deviation (SD), number (n), percentage (%) and bar charts for continuous and categorical variables. All the
analyses were performed using IBM SPSS Statistics version 24.0 (Chicago, IL, USA).

Results

The distribution of respondents consisted of 50% nurses (n = 140), 39% nephrologists (n = 110; of which 25%
were consultants) and 11% in other areas of specialization (n = 31). Their exercises practice (table 1) revealed low
compliance to PA recommendation. Forty two percent (n = 119) of the respondents did not exercise regularly, 32%
(n =90) engaged in moderate intensity exercise for less than 5 days weekly. Twelve percent (n = 34) participated
in moderate intensity exercise for more than 5 days per week, 7% (n = 20) engaged in vigorous intensity exercise
on fewer than 3 days per week and 4% (n = 10) engaged in vigorous intensity exercise more than 3 days per week.
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Tahle 1. Exercise Practice of Study Participants

Response

i
ems n = 281 (percentage)

How often do you engage in PA?

1. Do not exercise regularly 119 (42)
2. Moderate <5 days/week 90 (32)
3. Moderate >5 days/week 34(12)
4. Vigorous <3 days/week 20 (7)
5. Vigorous >3 days/week 10 (4)

Data are presented as n (%) unless otherwise indicated, PA, Physical Activity.

All the respondents reported that some type of PA/exercise service and human resources existed and were
accessible in their units. As shown in figure 1, 53% reported that dietitians were the most available resource, 49%
reported exercise professionals; only 19% reported having accessible exercise facilities in their dialysis centres.
The large discrepancy suggests low attention is given to exercise as therapy for CKD patients.

60 -
50 4
40 -
30

: N

Available Services

A\

O Exercise professional O Dietitian invioved in PA

I Occupational therapist involved in PA B Renal rehab outpatient classes
| Renal weight management programme & Post transplant PA prog

| Exercise on dialysis @ Nurse-led PA prescription

Figure 1. Distribution of currently available services for patients with CKD at various renal units (n = 281) (%)

Tables 2 and 3 presents responses to specific questions on the opinions and practices related to exercise
counselling.
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Tahle 2. Participants Responses (grouped by profession) to Opinion and Practice (%
9 y

Agree Disagree Do not know

Opinion and Practice
Doctors Nurse Other Overall Doctors Nurse Other Overall Doctors Nurse Other Overall

Physical inactivity is an important health risk

. ) 98 89 84 92 1 6 3 4 0 1 3 1
in the general population

Increasing PA is beneficial for most people 99 95 87 96 0 2 3 1 0 0 3 0
PAis beneficial for patients with CKD 92 73 77 81 4 1 3 7 3 12 10 8
! am (l:oncern'ed about the risks of exercising 46 50 52 8 m 20 16 38 7 7 19 8
in patients with CKD

| do not believe that patients with CKD would
increase PA if advised to do so

| do not have time to talk to patients with CKD
about PA during clinic visits

| do not think that patients with CKD

are interested in the topic PA

| do not think that PA is an important part

of patients with CKD therapeutic plan

| do not think that it is the role of the physician
to counsel dialysis patients about PA

| do not feel confident in my ability to discuss
PA with patients

16 39 42 30 75 49 32 57 6 8 19 9

23 26 26 25 4l 70 61 69 3 1 10 3

18 30 36 26 68 61 42 62 10 6 16 9

5 19 13 13 86 70 61 75 6 6 23 8

15 25 26 21 7 68 58 4l 6 5 13 6

18 17 13 17 7 78 61 75 2 4 19 5

For clarity, Doctors = Consultants, Senior Registrars and Registrars; Nurse = Renal Nurses; Other = other health professionals (physiotherapists, researchers, dietitians and
others); PA, Physical Activity. Where responses for a question do not add up to 100% that is due to participant failure to answer the question.

Tabile 3. Participants Responses (grouped by profession) to Types of Exercise Counselling (%)

Frequently Infrequently Never

Exercise counsellin
9 Doctors Nurse ~ Other Overall Doctors Nurse Other Overall Doctors Nurse Other Overall

| prescribe/recommend PA to patients 32 41 23 35 56 45 52 50 10 12 13 1

| provide may patients with written
information

4 22 16 14 48 40 36 42 46 35 29 39

| refer my patients to exercise
professional

| facilitate the provision of equipment
for PA on dialysis

9 21 26 17 36 32 26 33 51 43 29 45

16 16 1 18 23 16 20 76 56 42 63

For clarity, Doctors = Consultants, Senior Registrars, Registrars; Nurse = Renal Nurses; Other = other health professionals (physiotherapists, researchers, dietitians and others);
PA, Physical Activity. Where responses for a question do not add up to 100% that is due to participant failure to answer the question.

The themes of barrier that could hinder the promotion/provision of PA facilities (Figure 2) indicates that
75% of the respondents reported lack of motivated patients due to poor health or lack of awareness, 69% of the
respondents reported lack of resources (dialysis bed, exercise equipment) or difficulty with the existing ones, 66%
of the respondents reported lack of money or funding, 63% of the respondents reported lack of motivated staff, 57%
of the respondents reported lack of qualified personnel, and 32% of the respondents reported cultural or religious
beliefs as barriers.
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75

51
57

AR

O Lack of funds

O Lack of time

O Lack of qualified personnel

@ Lack of resources

& Lack of motivated patients due to illhealth or lack of awareness
B Lack of motivated staff

@ Lack of leadership/professional advice

= Lack of space

I Lack of research evidence

Cultural or religious beliefs

Figure 2. Reported barriers to PA

The present study is the first to examine varying patterns and attitudes towards exercise counselling habits
and identifying the barriers that may hinder exercise counselling amongst renal care team in Nigeria. The examined
wider renal care team involved in the management of patients across all stages of CKD differed from previous studies
that focused on renal physicians only (Delgado, Johansen, 2010; Johansen et al., 2003) or haemodialysis staff
(renal nurses, dietitian, technician and administrators) (Capitanini et al., 2014). Most respondents acknowledged the
importance of an active lifestyle for health, yet very few provided specific recommendations or referrals to facilitate
exercise participation for their patients.

Although 42% of respondents were inactive and 12% engaged in moderate exercises for more than 5 days
weekly, 92% of the overall respondents admitted that physical inactivity is an important risk to health of the general
population; 96% and 81% acknowledged that increasing PA is beneficial for most people and the CKD population
(Table 2). One would assume that the views and beliefs of our respondents about the benefits of physical activity
would reflect in their habit but that was not so as the present study indicated a very low percentage of active
participants (12% of the respondents). Also, their opinions about the health risks of a sedentary lifestyle and the
benefits of PA did not correspond with their own level of PA. Of the 75% of the respondents that agreed that PAis an
important part of patients’ therapeutic plan and are confident to discuss PA with patients, only 35% of them routinely
prescribed and recommended PA to their patients.

Seventy-one percent of the respondents believed that it is the role of the physicians to counsel patients about
PA, however, actual recommendations were made by just 11% of respondents who routinely facilitate the provision
of equipment for PA to patients on dialysis, 17% referred patients to exercise professionals, and 14% provided
patients with written information about physical activity (Table 2). The above findings are comparable to the study
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of Greenwood et al. (2014); a similar study that was conducted in the UK. Their results revealed that 42% of the
overall respondents discussed and encouraged PA, but only 11% of respondents facilitated implementation of PA
for their patients. From these, the beliefs and opinions about the benefits of physical activity by renal care team
members in Nigeria are not translated into meaningful habitual physical activity that would facilitate behaviour
change for long term health benefits of patients. To support this, 19% of the respondents have existing facilities for
exercise during dialysis in their centres, 21% reported current nurse-led physical activity prescription, 53% reported
available dietitian involved in physical activity, and 49% reported existing exercise professionals in their centres. Half
of the respondents were nurses (50%), a pointer to high distribution of nursing staff compared to other renal health
professionals (doctors, physiotherapists, dietitians). The availability of experts such as nurse-led PA specialist and
occupational therapist involved in PA is also necessary for longer-term sustainability of counselling habits.

Although most of the respondents recognised the importance of increasing PA, they do not actively promote
PA in the care and management of their patients. We identified several existing barriers to exercise counselling
among renal care team in Nigeria. The commonest reported barrier was lack of motivated patients due to ill health
or lack of awareness (75% of respondents). Measures to educate patients about their disease and the benefits
of habitual PA in addition to addressing factors that could prevent widespread implementation of patient education
could result to better patient outcomes. The present study also reported lack of resources (69% of respondents)
and lack of funding (66% of respondents) as important barriers to exercise rehabilitation of CKD patients in Nigeria.
Other potential barriers were lack of motivated staff (63% of respondents), lack of leadership or professional advice
(58% of respondents), lack of qualified personnel (57% of respondents), and lack of time (51% of respondents).
Therefore, these barriers could have accounted for the low referral of patients to exercise professional and the low
facilitation of provision of equipment during dialysis. Similar themes reported in the present study also emerged
in the studies of Greenwood et al. (2014), Ma et al. (2012), and Delgado and Johansen (2010). In addition, lack
of space (42% of respondents), lack of research evidence (52% of respondents), and cultural and religious beliefs
(31% of respondents) were also reported as barriers to effective exercise counselling habits for CKD patients in
Nigeria. In addition to factors identified in other countries, there are also challenges specific to the economic, social
and cultural situation in Nigeria.

Haemodialysis is the commonest modality of renal replacement therapy in sub-Saharan Africa (Oluyombo
et al., 2014) and Nigeria remains the most populous country in Africa and the seventh globally with an estimated
population of over 198 million (Adeyemo, 2018). About 70% of the population live on below $1.50 per day and just
5.6% of the country’s budget is spent on health care (Human Development Report, 2014). The country has the
third highest number of patients on haemodialysis after Kenya and South Africa (Pozo et al., 2012). Recently, the
establishment of dialysis centres owned by private companies and the government have been increasing, but these
facilities are densely situated in the urban areas that are inaccessible to most CKD patients, low sustainability
of dialysis due to poor maintenance of the dialysis machines (Oluyombo et al., 2014). Therefore, these drawbacks
need to be addressed for an effective provision and implementation of exercise services for patients living with CKD
in Nigeria.

The limitations of this study include involving only delegates that attended the NANCONF annual meeting,
which may not be a representation of the entire renal care team members in Nigeria. The respondents from the
host centre, University of llorin Teaching Hospital, outweighed respondents from other centres in Nigeria. We also
observed that there was a larger response rate from nurses possibly due to their distribution in the sample size
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compared to other renal care team and knowing that nephrologists remain the primary care providers of CKD
patients (Delgado, Johansen, 2010), may have biased the results. Furthermore, respondents from centres where
exercise-related rehabilitation services are being practiced may have a wider knowledge and understanding of the
potential benefits of exercise in CKD management and could perhaps more likely, counsel patients about PA.
Therefore, our findings should not be generalised on the entire renal team in Nigeria but considered as a guide to
future investigation.

Conclusions

The results of this study demonstrated that renal care professionals established the importance of PA as
a therapeutic option for health of CKD patients however, practical referral and guidance were poorly practiced.
The lack of motivated patients, resources, funds, motivated staff, qualified personnel and research are the common
barriers that renal care team in Nigeria face in the implementation of PA among CKD patients. Based on the
principle of “practice what you preach”, and given that healthcare professionals are the main sources of preventive
care information to the public, a better understanding of the relationship between renal care teams’ PA behaviour
and their counselling habit is required to guide the development of interventional studies aimed to promote active
lifestyles amongst renal care teams. This might further improve the health of CKD patients. Therefore, measures to
address the reported themes of barriers with the provision of accessible and affordable renal replacement therapy,
and the sustainability of such facilities would go a long way in reducing the burden of the late presentation of the
disease (end stage renal disease).
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Rbstract Degenerative disc disease (DDD) in the lumbosacral spine is one of the most common causes of pain and the
significant associated limitations in physical activity and daily functioning, with the vast majority of patients requiring long-term
physiotherapy. Hence, the significance of proper diagnostics, locating the cause of the ailment, implementation of appropriate
therapy and prevention.

The aim of the study was to investigate the efficacy of outpatient physiotherapy on reducing pain and improving the function
of the lumbosacral spine. The research group comprised 95 people (50 women and 45 men) with an average age of 53 years,
all patients with DDD in the lumbosacral spine. They underwent 3 physical treatments: magnetotherapy, laser therapy, and
systemic cryotherapy, as well as gymnastic exercises, aimed at improving physical fitness, and strengthening the muscular
corset. The research methods included the Schober test, the Thomayer test (finger-ground test), the Visual Analogue Scale
scale, Laitinen’s pain questionnaire, and calculation of BMI.

Physiotherapeutic treatments significantly reduced the patients’ pain symptoms, significantly increased the range of motion in
the lumbosacral spine and improved physical fitness. Better results of the therapy were observed in patients with lower BMI.

Key words intervertebral disc, fibrous annulus, nucleus pulposus, spine
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Introduction

Degenerative disc disease (DDD) in the lumbosacral spine is one of the most common causes of pain and
significant associated limitations in physical activity and everyday functioning. It is estimated that this condition
affects 12-35% of the human population. The lumbosacral spine is particularly vulnerable to injuries and can
overload as a result of everyday activities. The intervertebral disc can be damaged, resulting in displacement
of the pulmonary nucleus, along with irritation of other anatomical structures located within the lesion, such as joint
capsule, interspinal and longitudinal ligaments, paraspinal muscles, nerve root sheaths, dura mater, vertebral body,
and connective tissue in the area of the lesion within nerves and blood vessels. However, only a small percentage
of patients require surgery. The vast majority qualify for conservative treatment aimed at reducing both the pain and
the negative consequences to physical fitness (Colombini, Lombardi, Corsi, Banfi, 2008; Roughley, 2004; Frost,
Camarero-Espinosa, Foster, 2019). When long-term pain contributes to the occurrence of chronic discomfort in
the sacral spine and the entire back, treatment and therapy require more time and increased economic outlays
(Hodgkinson, Shen, Diwan, Hoyland, Richardson, 2019).

Many factors can affect the integrity of the intervertebral disc. These include mechanical and genetic factors,
past injuries, and diet. Progressive degenerative processes include structural damage to the intervertebral disc
and changes in cell number and composition. A major factor in the degeneration of the intervertebral disc is the
loss of proteoglycans. Degenerative changes in the disc are also associated with damage to adjacent structures
which lead to functional changes, such as increased susceptibility to injuries and increased clinical symptoms (Kos,
Gradisnik, Velnar, 2019).

There is a correlation between the location of the occurrence of back pain and age, sex and changes
observed in the MRI scan. Male intervertebral discs degenerate more than women in the second, third, fourth, and
even seventh decades of life. The most common degenerative changes concern the vertebrae L4-S1. Additional
predisposing factors include a sedentary lifestyle, smoking and obesity (Cheung at al., 2009; Kanayama, Togawa,
Takahashi, Terai, Hashimoto, 2009; Miller, Schmatz, Schultz, 1988; Like at al., 2005). Due to the nature and extent
of the changes, as well as the prolonged pain which significantly limits the ability to function freely, these patients
sometimes require long-term leave from work and rehabilitation, one of the main assumptions of which is to
minimize pain and improve functioning in everyday life Peolsson at al., 2014; Newell et al., 2017). The vast majority
of patients require long-term physical therapy. That is why proper diagnostics, locating the cause of the ailment, and
implementing appropriate therapy and prevention are so important (Urban, Roberts, 2003).

Rim of the Study

The aim of the study was to investigate the efficacy of outpatient physiotherapy on reducing pain and improving
spine function in patients with DDD in the lumbosacral spine.

Research questions

1. To what extent did the mobility of the lumbosacral spine improve after outpatient rehabilitation?
2. Is the feeling of pain after outpatient rehabilitation different between sexes?
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Material

The research was conducted at the “CREATOR” Non-Public Healthcare Center in Wroctaw. 50 women and
45 men, aged 46 to 60 years, were examined. The age distribution of the men and women was very similar.
The mean age of the women was 53.7 years with a standard deviation of 4.2 years, while the mean age of the
men was 53.5 years with a standard deviation of 4.7 years. The average weight of the women was 68.8 kg, and
the men 91.4 kg. Importantly, the mean BMI values of the women and men were within the range of overweight.
The difference in the BMI distributions of women and men was statistically significant. Women were characterized
by a higher level of education than the men. They also performed office work more often.

Methods

The orthopedic doctor selected 95 people diagnosed with pain due to DDD. Each patient before and after
the rehabilitation cycle was examined using the Schober test and Thomayer test (finger-ground test), and the level
of pain perception was assessed. Results were processed using the Visual Analogue Scale (VAS) and the Laitinen’s
Pain Questionnaire.

The scope of the outpatient physiotherapy used included 20-minute magnetotherapy treatment at a frequency
from 0 Hz to 50 Hz and a field of 6 mT to 10 mT, trigger point laser therapy (1 cm?) with a dose of 6-9 J/icm?,
systemic cryotherapy in a cryochamber (from —-60°C to —=130°C). The clinical therapy procedures were followed by
classes in systemic gymnastics aimed at reducing back pain and strengthening the postural muscles responsible
for the correct body posture and stabilization of the thoracic-lumbar spine. The gymnastics began with a 10-minute
warm-up on a cyclo-ergometer, then the patients participated in a 20-minute group gymnastic exercise comprising
14 flexion exercises.

The set of exercises

1. Lying on the back, upper limbs along the body, lower legs straight. Exercise: alternate bending of the lower
limbs by grasping the knee joint and pulling it towards the chest while lifting the head.

2. ltem as above. Exercise for bilateral bending of the lower limbs by grasping both knee joints and pulling
them to the chest while raising the head at the same time.

3. In the supine position, upper limbs downwards obliquely, lower limbs bent at an angle of about 60 degrees.
Exercise for alternating sideways twisting of both lower limbs.

4. In the supine position, the upper limbs along the body, the lower limbs bent at an angle of about 60 degrees.
Exercise to lift the torso up and down.

5. Lying on the back, upper limbs along the body, lower legs straight. Exercise for bending the upper and lower
limbs with a simultaneous deep inhalation through the nose and extension of the limbs with a simultaneous longer
exhalation.

6. In the front lying position, chin rested on a mattress, upper limbs along the body, lower legs straightened.
Exercise of alternating lower limb lifting.

7. In the front lying position, chin rested on the mattress, upper limbs up, lower legs straight. Exercise
of alternating lifting of the upper left and lower limb right and upper right and lower left limb.
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8. In the front lying position, chin resting on the mattress, upper limbs up, lower legs straightened. Exercise
for simultaneous lifting of upper and lower limbs. Kneeling, propped up. Exercise of alternating lower limb lifting.

9. Kneeling, propped up. Exercise of alternating lifting of the upper left and lower limb right and upper right
and lower left limb.

10. Slow kneeling, the arms along the body. Exercise for lifting the upper limbs while inhaling deeply through
the nose and lowering them downward while exhaling for a longer time.

11. Free kneeling. Left torso twist exercise, while grasping the left hand for the left heel and the right hand for
the right heel.

12. One-legged slow kneeling, the other lower limb straightened at the knee joint. Exercise of lifting both
upper limbs and bending the torso to the straightened lower limb and returning to the starting position, and then
changing the position of the limbs.

13. In a standing position, lifting the upper limbs, inhaling through the nose and exhaling through the mouth.
Each exercise was performed for 10 repetitions. Patients tried to perform 3 series of exercises, of which breathing
exercises were performed up to 6 repetitions.

Statistical analysis

In the statistical description of the research material, mean values, standard deviations and the range
of variability of the feature were used. The statistical significance of changes in the examined features from the
performed physiotherapeutic procedures was assessed using the Student'’s t-test for dependent samples. While
the null hypothesis about the lack of influence of physiotherapy on the distribution of the analyzed trait being true,
the Student t-distribution with N — 1 degrees of freedom was true, on the basis of which the significance level p
was determined. Sexual dimorphism of the analyzed traits was tested using the Student’s t-test for independent
samples. If the null hypothesis about the lack of sex-related differentiation of the distributions of the analyzed
feature was true, we tested the t-Student’s distribution with N1 + N2 — 2 degrees of freedom. The relationship
between the distribution of BMI values and gender was assessed using the chi square (x?) test of independence.
Taking into account the division of BMI values into three categories and the validity of the null hypothesis about the
lack of a relationship between sex and BMI distribution, the x? test function had a Pearson chi-square distribution
with two degrees of freedom. When verifying the null hypotheses, a critical significance level a = 0.05 was used.
The calculations were performed using STATISTICA v.10 package by StatSoft (Shapiro, Wilk, 1965; Siegel, 1956).

Results

In the Schober test, all patients obtained better results after using outpatient physiotherapy. Before the start
of the treatment cycle, the total percentage of people, regardless of gender, with the correct result (i.e. 5-7 ¢cm) in
the entire study group was 20.5% (women 28% and men 13%), which almost doubled after physiotherapy at 38.5%
(50% for women, 27% for men). The mean Schober test results in the group of men were worse than in the group
of women, both in the initial study and after physiotherapy. The difference in mean results in both sex groups was
at the borderline of statistical significance in the initial study (p = 0.06 = 0.05), and after the applied physiotherapy
it was statistically significant.

When analyzing the Thomayer test, it was noticed that in the initial study, before the start of the cycle
of physiotherapeutic treatments, men achieved significantly worse results than women. The difference in mean
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results could not be considered statistically significant at the adopted level of significance (p = 0.073 > 0.050),
but p was close to the critical value of a = 0.05. The result of the Thomayer test correlated significantly with the
BMI value. The rank coefficient of Spearman’s BMI and the result of this test in the initial study was p = -0.42.
The correlation was negative, which meant that higher BMI values were not conducive to achieving good results in
this test. Therefore, the worse results of men were a consequence of higher BMI values compared to those achieved
by the women. Also after physiotherapy, the mean score of men was still lower than the mean score of women, but
the difference in mean values in both groups lessened. The improvement of the Thomayer test result after outpatient
physiotherapy was strongly negatively correlated with the test result obtained before the start of the treatment cycle.
The Spearman’s rank correlation coefficient was in this case p = -0.76. This explains why the improvement was
greater in the group of men. The negative correlation indicated that greater improvement should be expected in
people who had worse results in the Thomayer test before the therapy, and such people were mainly men.

Analyzing the pain scale, it was found that the applied forms and types of therapeutic rehabilitation contributed
to a reduction in the subjective level of experiencing pain. The mean value of pain intensity was significantly higher
in the group of men, both in the initial and final study.