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Abstract

Objective

We aimed to investigate the correlations between Upper Extremity Musculoskeletal Symp-
toms (MSD) and joint kinematics while playing the piano, as well as correlations between
MSD and psychosocial, professional and personal habits, and bio-demographic risk factors
of piano students.

Method

This cross-sectional study included 15 piano students. The research tools included 3D
motion capture, anthropometric measurements, and questionnaires for obtaining data about
MSD, psychological, and personal factors.

Results

The piano students recruited for this study experienced a variety of MSD during the past 12
months, with a particularly high prevalence of neck pain (80%). Extreme wrist extension
and/or elbow flexion while playing the piano also correlated with MSD. Additionally, this
study identified correlations between MSD and hand span (r = -.69, p<.004) and number of
playing hours per week (r = .58, p<.024).

Conclusions

Anthropometric factors and playing patterns should be considered together with well-known
MSD risk factors, like extreme and repetitive movements. However, considering each joint
singularly might not be sufficient to prevent the development of MSD when instructing the
piano player; accordingly, joint synchronization should also be considered.
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1. Introduction

Non-specific muscle and tendon pain such as numbness and tingling in the neck, shoulder,
arm, wrist and/or hand could be warning signs of current or impending Musculoskeletal
Symptoms (MSD) [1-3]. These complaints might be attributed to an array of tendon disor-
ders, tendon sheaths, and compression or entrapment of peripheral nerves in several areas [4-
7]. MSDs are common among professional musicians. The virtuosity of musicians is studied
extensively using neuroimaging techniques, e.g. functional magnetic resonance imaging
(fMRI) and electroencephalography (EEG) [8,9]. However, much less academic attention is
invested in studying musculoskeletal pain associated with playing. Review of the current litera-
ture shows a high prevalence of this phenomenon among professional musicians, varying
from 60% to 87% in professional instrumental musicians [4-6,10-14], reported a point preva-
lence of 63% of musculoskeletal complaints among music academy students [13,14]. Among
the reported risk factors leading to the development of MSD are biomechanical risk factors
such as repetitive movements, playing in awkward positions, static load caused by holding the
musical instrument or sitting in a certain position throughout the entire repertoire and
anthropometric characteristics, e.g. weight of the instrument [4, 15-18].

Among all musicians, pianists are most commonly affected by MSD, with prevalence vary-
ing from 50% to 77% [7,19-22]. Studies report that as many as 87% of college piano students
were injured before their enrollment in the university, suggesting that the majority of MSD
began when these students were teenagers or children [6,23,24]. Furthermore, specific surveys
revealed that 62% to 73% of piano students experienced MSD when playing at least one
selected piano technique [25]. This high prevalence of MSD in piano students is attributed to
some of the biomechanical factors, e.g. age, number of hours per week spent playing, at least
one hour of continuative playing without breaks, sedentary life style, and acceptability of “No
pain, no gain” criterion [26]. These risk factors may contribute to the incidence of MSD,
including inefficient techniques that exert force on the wrists, fingers, and elbows when play-
ing the piano [27].

Studies searching for alternative risk factors for MSD in pianists, studied various character-
istics such as the brand and model of the instrument, its year of construction, vertical versus
coda instrument and anthropometrics [18,28]. These alternate factors may be important
because the joint kinematics may change when using different pianos [27]. Despite these varia-
tions, only a few studies have examined the relation between MSD and joint kinematics
[13,29,30].

Related literature is scarce and needed in order to understand the movement characteristics
that enable extremely fast cyclic limb motion during musical performance and its correlation
to MSD. Therefore, we aimed to investigate (i) the correlations between MSD and joint kine-
matics during piano playing, and (ii) the correlations between MSD and psychosocial, profes-
sional and personal habits, and bio-demographic risk factors in piano students. We
hypothesized that relationships will be registered between MSD and joint kinematics while
playing the piano and between MSD and several other risk factors that musicians are known
to be exposed to (such as and psychosocial, professional and personal habits, and bio-demo-
graphic risk factors).

2. Methods

This was a cross-sectional study in which piano students filled out a questionnaire regarding
MSD and the kinematic patterns of their piano playing were recorded. The study was approved
by the Institutional Ethics Committee at Tel Aviv University.
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2.1 Participants

We recruited 15 piano students (nine males and six females) by convenience and snowball
sampling methods, from the school of music at Tel-Aviv University, with a mean and Standard
Deviation (SD) of age 21.72.4+ years (range 19-27 years). Three participants were left-handed.
Inclusion criteria required that students had at least five years of experience playing the piano
and were studying for their bachelor degree. Exclusion criteria were limitations of range of
motion due to an orthopedic or a neurologic diagnosis.

2.2 Research tools

We incorporated the use of questionnaires and a motion capture system, as detailed below.

2.2.1 Questionnaires. We used the Standardised Nordic Questionnaires (SNQ) [31],
which screens musculoskeletal pain in an ergonomic or occupational health context. The ques-
tionnaire includes a detailed reference to pain in nine different parts of the body (neck, shoul-
der, elbow, wrist, lower and upper back, hip, knee, and ankle) during the past week and the
last year. Consequently, there were 5 different variables concerning musculoskeletal symp-
toms, explaining the prevalence of Musculoskeletal Disorders (MSD): 1. Number of symptom-
atic musculoskeletal joints, in the past year, 2. Number of symptomatic musculoskeletal joints,
in the past week, 3. Number of symptomatic upper limb musculoskeletal joints, in the past
year, 4. Number of symptomatic upper limb musculoskeletal joints, in the past week, 5. Work
limitations due to symptomatic body regions, in the past year.

The scale does not denote severity only presence/absence of pain. The SNQ has been shown
to be both reliable and valid when compared with clinical evaluation [32].

In this study, we used the SNQ and a validated appendix for Upper Extremities (UE) that
uses the same format of the SNQ (mapping painful joints in the musculoskeletal system and
their locations). This addition focused on reviewing the presence of pain in the muscles of the
arm, elbow, forearm, palm and each of the fingers [33].

Finally, we used a personal questionnaire that included information regarding professional
playing habits.

2.2.2 Joint kinematics. A six-camera high-speed motion analysis system (Qualysis Medical
AB, Sweden) was used to capture the movement of the subjects while playing a piano. One cam-
era was set on the ceiling, above the piano keys. The rest of the cameras were set on tripods
around the subject, and set so that each marker was visible to at least two cameras at all times.
The system calibration was performed according to the guidelines of the manufacturer. Hand
and wrist movements were derived from tracking 11 small (7mm in diameter) passive reflective
markers adhered to the skin of the subject on anatomical landmarks of the right hand and arm
(3 markers on the torso, 3 on the upper arm, 3 on the forearm, and 2 on the hand). Marker
placement allowed computing of the elbow and wrist angles, i.e. elbow flexion and extension,
ulnar and radial wrist deviation, and wrist flexion and extension. Data were collected at 100 Hz.

2.3 Study protocol

Each subject read and signed an informed consent form. After filling out the three aforemen-
tioned questionnaires, anthropometric measurements of the subjects were taken, including
lengths of the limb, arm, forearm, third digit, and hand span by measuring the distance
between the tips of the thumb and the small finger [34]. The subjects were instructed to play a
standard-sized piano, which was placed in the motion laboratory. The height of the piano key-
board was 71cm and the subjects sat on a piano stool, adjusted to a comfortable height.

The subjects played the piano for two minutes for warming up. Then the subjects were
asked to sit with the elbow flexed to 90° and the pronated forearm for a static trial. The subjects
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then played a musical piece (Praeludium I, in C, by Bach) recurrently for 10 minutes, recom-
mended by the head of the piano department as a basic piece, known and practiced by all stu-
dents. Data were recorded within a 10-minute session at three one-minute intervals: at the
third, sixth, and ninth minutes.

2.4 Data analysis

The percentage of subjects who experienced pain was calculated. The SNQ and its Appendix
scores were calculated and analyzed. The most accurate one-minute recording, in terms of
marker tracking, was selected for the analysis. The 3D coordinates of the markers were filtered
using a 7"-order Butterworth low pass filter with a cut-off frequency of 5Hz and the joint
angles, velocities, and accelerations were calculated in MatLAB, version 7.9. We calculated the
coefficient of correlation between elbow and wrist flexion-extension angles, as a measure of
joint synchronization. In addition, we calculated the correlation between elbow flexion-exten-
sion of the elbow and wrist flexion extension separately for each subject, using the values
retrieved while sampling ROM of playing.

Correlation tests were used in two stages. First, the Spearman Rank Correlation test was
used to test the correlation between frequency of MSD and bio-demographic variables. We
found that MSD of the hand correlated with hand span and MSD of the body correlated with
the number of practicing hours during the week. Following this finding, we performed inde-
pendent analyses of the correlation between the results of the kinematic data and MSD of the
hand (controlling for hand span) versus the MSD of the body (controlling for the number of
practicing hours during the week). A Spearman Rank Correlation test was used to test the cor-
relation between the kinematic data and MSD interfering with Activities of Daily Living
(ADL) in the preceding year. An alpha level below 0.05 was considered significant. Statistical
analyses were performed with SPSS version 18.

3. Results
3.1 Prevalence of pain, bio-demographic data and playing factors

Table 1 depicts the prevalence of body parts experiencing pain in the preceding year, in the
preceding week, and MSD interfering with ADLs in the preceding year. The piano students
experienced a variety of MSD in the preceding year, with a particularly high prevalence of
neck pain (80%), upper back pain (60%), and lower back pain (53.3%).

Mean and SD of Body Mass Index (BMI) and professional habits of the study population
are presented in Table 2. The subjects differed from one another in their playing habits. All
had at least six years of playing experience and played an average of more than three hours per
day.

3.2 Joint kinematics

Kinematic data obtained during piano playing are presented in Table 2. Kinematic data
acquired while the subjects played the piano mostly showed flexion at the elbow joint with the
wrist in an almost neutral position, favoring a slight ulnar deviation.

Examples of the kinematic data of three subjects playing the piano for a one-minute dura-
tion is depicted in Fig 1. In these examples, Subject 3, who complained of pain in multiple
body parts, demonstrated a restricted range of motion in both joints. Subject 3 played with a
flexed wrist for the entire minute of recorded time, whilst Subjects 1 and 2 demonstrated both
flexion and extension of the wrist, and displayed a more dynamic and less fluctuating move-
ment strategy than Subject 3.
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Table 1. The prevalence of body parts experiencing pain in the preceding year, in the preceding week (presented my numbers and percentage), and Musculoskeletal
Disorders (MSD) interfering with Activities of Daily Living (ADL) in the preceding year (N = 15). For body parts where no pain was reported, data are not shown.

Body part Painful body parts in preceding year | Painful body parts in preceding week' | MSD of the body interfering with ADL
in preceding year'
Number Percent Number Percent Number Percent
Neck 12 80 7 46.7 2 13.3
Shoulder Right 2 13.3 - - - -
Left 1 6.7 - - - -
Both 5 33.3 7 46.7 1 6.7
Elbow Right 1 6.7 - - - -
Left 0 0 - - - -
Both 3 20 2 13.3 1 6.7
Right 4 222 - - - -
Arm Left 4 22.2 - - - -
Both - - 4 22.2 2 11.1
Forearm Right 6 33.3 - - - -
Left 4 22.2 - - - -
Both - - 7 38.9 2 11.1
Wrist Right 1 6.7 - - - -
Left 1 6.7 - - - -
Both 5 33.3 5 33.3 1 6.7
Right 2 11.1 - - - -
Palm Left 4 22.2 - - - -
Both - - 4 222 2 11.1
Right 1 5.6 - - - -
Thumb Left 1 5.6 - - - -
Both - - 2 11.1 - -
2" finger Right 1 5.6 - - - -
Both - - 1 5.6 3 16.7
3™ finger Right 1 5.6 - - - -
Both - - 2 11.1 3 16.7
4™ finger Right 1 5.6 1 5.6 3 16.7
Left 1 5.6 - - - -
5™ finger Right 2 11.1 1 5.6 - -
Back Upper 9 60 6 40 2 13.3
Lower 8 53.3 3 20 1 6.7
Hip 3 20 2 13.3 - -
Knee 2 13.3 1 6.7 1 6.7
Ankle 2 13.3 1 6.7 1 6.7

"The original questionnaire does not differentiate between sides, but refers to one or two sides.

https://doi.org/10.1371/journal.pone.0208788.t001

3.3 Correlations

The results for the first study aim, correlation analyses are shown in Table 3. Most correlations
were found between MSD and the extreme wrist and elbow joint angles recorded while playing
the piano. We found no correlation between the MSD and the coefficient of correlation
between elbow and wrist flexion-extension. Yet when, the correlation between elbow flexion-
extension of the elbow and wrist flexion extension was calculated separately for each subject
we found significant correlation between elbow and wrist sagittal motion in 14 out of 15 sub-
jects (the range of Pearson’s coefficient of correlation was -0.03 to -0.65). The negative
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Table 2. Bio-demographic variables, habits of study population, and kinematic data while playing the piano (N = 15).

Minimum Maximum Mean SD

Kinematic data Elbow flexion-extension (°) 29.1 103.9 73.5 13.1
Wrist flexion-extension (°) -31.2Flex 37.5Ext -5.2Flex 11.0

Wrist ulnar-radial deviation (°) -7.7RD 11.1UD 4.5UD 6.5

Body Mass Index (BMI) 16.9 23.4 19.6 1.9
Anthrop. data Limb Length (cm) 65.0 87.0 72.5 5.2
Arm Length (cm) 26.0 34.0 28.5 2.1

Forearm Length (cm) 24.0 32.0 27.0 2.5

3™ Finger Length (cm) 15.0 19.0 16.6 1.1

Hand Span (cm) 19.0 26.5 21.3 2.1

Playing Habits Playing Piano (years) 6.0 20.0 13.4 3.5
Playing Piano (hours per week) 10.5 39.0 23.9 8.1

Body Warming (min.) 0.0 45.0 8.1 13.8

Break Duration (min.) 0.0 45.0 15.2 14.3

Personal Habits Physical Training (hours per week) 0.0 5.5 1.5 2.0
Housework (hours per week) 0.0 6.0 1.3 1.9

SD = standard deviation; Antrop = Antropometric
*Maximal elbow extension is defined as 0°

Flex = Flexion; Ext = Extension; RD = radial deviation; UD = ulnar deviation

https://doi.org/10.1371/journal.pone.0208788.t002

correlation indicates that when the elbow extends, the wrist flexes. Since no significant correla-
tions were demonstrated between other kinematic variables (e.g. velocity, acceleration) and
MSD, data are not shown.

Two variables were associated with MSD: hand span correlated with MSD of the hand expe-
rienced during the preceding week (r = -.69, p<.004) and the preceding year (r = -.56,
p<.023). The results for the second study aim showed that no correlations were found between
MSD and risk factors in piano students except for one correlation between the number of play-
ing hours per week and MSDs of the body during the preceding week (r = .58, r<.024).

4. Discussion

The aim of this cross-sectional study was to investigate the correlations between the frequency
of MSD and joint kinematics during piano playing. Professional habits of piano students were
correlated with MSD. As discussed below, this study identified correlations between MSD and

— Elbow flexion-extension
—— Wrist flexion-extension
...... Ulnar-radial deviation

160 I Subject 1: No pain J

| Subject 2: Painful wrist |

Subject 3: Multiple
painful body parts

120

Time [s] Time [s] Time [s]

Fig 1. Example of the kinematic data of 3 subjects playing the piano for duration of 1 minute. Elbow flexion is
below 90° and elbow extension is above 90°. Wrist flexion and radial deviation are negative values. Wrist extension and
ulnar deviation are positive values.

https://doi.org/10.1371/journal.pone.0208788.9001
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Table 3. The correlation between maximal or minimal joint angles and Musculoskeletal Disorders (MSD).

MSD of the MSD of the | MSD of the body| MSD of the | MSD interfering
hand during hand during during the body during the during the
the preceding | the preceding | preceding week | preceding year | preceding year

week year

r P r P r P r P r P
Max. Elbow angle** -.19 .51 17 .55 22 .46 .15 .60 .09 .75
Min. Elbow angle¥ 21 .46 41 .15 53" .04 46 .10 61" .01
Max. Wrist angle** 57* .03 43 12 67" .01 617 .02 .54* .04
Min. Wrist angle¥ 41 .14 31 27 72" .004 .16 .57 .16 .56
Max. RUD® -.25 .38 -.03 91 -.32 27 -42 13 .-55* .03
Min. RUDY -.27 .35 -.08 77 -.08 .78 -.09 .75 .39 15

*P<0.05

** toward extension

¥ toward flexion

§ toward ulnar deviation
Y toward radial deviation

Max = maximal; Min = Minimal; RUD = Radial-Ulnar Deviation.

https://doi.org/10.1371/journal.pone.0208788.t003

the joint angles of the excessive wrist and elbow recorded while playing the piano. Addition-
ally, MSD were found to correlate with hand span and with the number of practice hours play-
ing per week.

Instrumental musicians in general and pianists in particular, are at a risk group for injuries
resulting from repetitive motion. The relatively high prevalence of MSD that we found in this
study is similar to previous published outcomes for piano students [25,35]. Since playing an
instrument will usually affect the UE and the neck regions, it is conceivable that musicians
have more complaints related to the upper body than non-musicians [13]. The high prevalence
of MSD may also be explained by the fact that musicians take up their instruments at an early
age, thus exposing them to soft tissue injury [36].

Sugawara, [37] in his study on musician’s wrist postures reported that pianists’ wrists are
typically noticed to be in 15° of ulnar deviation and slight extension [38]. Ulnar deviation past
20° and 15° of wrist extension may cause an increased pressure in the carpal tunnel [39].
When observing the elbow, Fillion [40], reported that pianists sit in front of the piano with
their elbows flexed approximately 90° and with their wrists close to the neutral position.

The kinematics recorded for wrist and elbow angles in this study are also similar to the pub-
lished literature [37]. We found comprehensive and statistically significant association
between wrist and elbow kinematics and the experience of MSD amongst piano students dur-
ing the preceding week and preceding year (Table 3). In this study most correlations were
found between the wrist angles (mostly toward extension) and MSD of the hand and body,
both in the preceding week and the preceding year, and leading to work limitations due to
symptomatic body regions, in the past year. These findings reinforce previous literature, which
showed that awkward movements may provoke musculoskeletal pain, especially in the wrists
and hands [41]. Another explanation was suggested by [42], who found that extended wrist
position (at ~20°) significantly increased the force produced by the fingers. The increase in
striking force might result in an increase in joint force, thereby contributing to joint pain. The
MSD experienced by subjects with excessive wrist extension might also be explained by com-
pensatory movement of proximal joints, e.g. the shoulders. During wrist extension when the
hand is positioned near the body, i.e. shoulder adduction, the shoulders are prone to be
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elevated. Due to the mechanical interaction between linked segments, a joint motion origi-
nates not only from the torque generated by its surrounding muscles but also from torque gen-
erated at the adjacent joints [43]. Therefore, muscular torque should compensate for these
inter-segmental dynamics in order to generate a planned motion [44]. Moreover, this compen-
satory muscular work increases at a faster rhythm in repetitive arm movements [45], e.g. dur-
ing piano playing. An interesting finding of this study was the negative correlation between
interferences in ADLs due to body pain in the previous year and ulnar deviation in the wrist. It
is expected that playing with excessive ulnar deviation would cause uncomfortable wrist pain
that might affect ADL [37]. Our findings might not contradict this expectation, since the mean
(and SD) of the ulnar deviation of our subjects was 5.6£7.0°, a range that is not considered
extreme and therefore might not cause MSD that can affect ADL (Table 2).

Excessive elbow angles (toward flexion) correlated significantly with musculoskeletal pain
in the total body during the preceding week. This kind of correlation was found also among
typists, who likewise demonstrate a significant correlation between elbow angles and musculo-
skeletal pain of different regions of the body [46]. These findings could be explained through
compensatory body movements [27] incorporated while playing the instrument. Excessive
joint angles in the wrist and elbow (toward extension in the wrist and flexion in the elbow;
Table 3) mostly correlated with MSD experienced in the preceding week. Expectedly, these
joint angles also correlated with MSD interfering in ADL in the past year (Table 3).

The maximal and minimal joint angles might not be enough to characterize the playing pat-
terns of piano students. It is also important to observe the synchronization between the joints.
Although we did not find correlations between the MSD and the coefficient of correlation
between elbow and wrist flexion-extension, it appears that referring to the range of motion of
the elbow and wrist each by itself is insufficient. We found negative correlations between wrist
and elbow movement in the sagittal plane for most subjects (93%). This finding emphasizes
the importance of considering the joint synchronization of the piano player when the ergono-
mist instructs him or her toward safer playing strategies, specifically for students developing
new playing habits. In Fig 1, we present three cases in which maximal joint angles do not cor-
relate with their reported MSD. Subject 1 reported no joint pain. This subject exhibited fluctu-
ating movement in the elbow and wrist, repeatedly changing from flexion to extension and so
forth. This subject also maintained a wrist angle of between 0° and 10° toward ulnar deviation.
Although Subject 1 extended the wrist to almost 40°, the subject reported no pain. Subject 2
reported pain in his wrists, but did not extend the wrist by more than 20°. This subject exhib-
ited extreme elbow flexion throughout the entire minute of recording. Like Subject 1, Subject
2 alternated between flexion and extension of the wrist; unlike the first subject, Subject 2 did
so with extreme frequency. Although the range of motion of the wrist for Subjects 1 and 2 was
similar, their movement pattern was different from one another. Like Subject 1, Subject 2 also
maintained a wrist angle of 0° to 10° toward ulnar deviation. Subject 3 experienced pain in
multiple body parts. This subject maintained a wrist flexion of approximately 20° of ulnar
deviation. During the minute of recording, Subject 3 kept a stiff posture of both elbow and
wrist compared with Subjects 1 and 2. This reported body parts experiencing pain of this sub-
ject could be explained by compensatory movement of the shoulder and torso, the latter affect-
ing neck pain. Aspects of motor control and learning, precision, timing, strategies for
compensation, adaptation and coordination can be observed during playing [47]. Studies have
demonstrated that individuals with superior piano skills economize the work performed by
distal muscles during a piano keystroke by taking advantage of proximal joint motion [29].

This study also identified a correlation between MSD and hand span. A larger hand span
enables certain playing techniques, such as simultaneous playing of the thumb and fourth or fifth
fingers. Playing an octave accounts for 74% of the piano techniques that pianists practice [34]. We
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found significant correlation between hand span and MSD of the hand during the preceding
week and preceding year. This finding supports similar outcomes of previous research reporting
that pianists with small hands are prone to overuse injuries in the upper extremities [21].

Finally, this study identified a correlation between the number of playing hours per week
and MSD of the body during the preceding week. This outcome reinforces previous research
findings of positive correlations between the average of playing hours in an orchestra and play-
ing-related musculoskeletal complaints [18,48] Conversely, in a cross-sectional study among
piano teachers, playing time was inversely related with musculoskeletal complaints [49]. To
date, no longitudinal cohort study has been performed among professional or student musi-
cians. There are studies proving that paying minimal attention to warming up prior to playing
or practicing, the duration of play, and taking insufficient breaks, ultimately provokes MSD
[21]. For example, piano students who practiced more than 20 hours per week were found to
have a higher incidence of MSD [50]. Several studies of young adults found an association
between increased practice time and increased pain [38,51]. An abrupt increase in practice
time is the most important risk factor for MSD [4]. Evidence suggests that musicians should
take frequent rest breaks and practice for shorter periods of time to prevent music related inju-
ries [52]. Further extensive work is needed, with a larger number of subjects, in order to reach
an unequivocal conclusion on the correlation between upper extremity MSD and joint kine-
matics, playing habits and hand span during playing among piano students.

The main limitation of this study is that joints other than the elbow and wrist were not
monitored, so that the compensation techniques are not recorded. Similarly, little attention
was payed to control the differences of participants’ height and its impact on kinematics. In
addition, not having all participants playing in the same tempo like when following a metro-
nome could have some effect on the playing fragment or hand positions, muscle tension and
so on. Another limitation of the study is the recruitment procedure that might bias the results
due to the homogeneity of the selected population Also, the small sample size of participants
might not be representative of the population of student pianists. Finally, this cross-sectional
study does not track the development of pain over time.

5. Conclusions

We found that extreme wrist extension and/or elbow flexion while playing the piano correlated
with MSD. However, considering each joint individually might not be sufficient when
instructing the piano player; joint synchronization should also be considered. Also, we found
correlations between MSD and hand span and between MSD and number of playing hours
per week. We conclude that these factors should be considered together with well-known
MSD risk factors like extreme and repetitive movements. Piano students should adopt healthy
playing habits, e.g. incorporating fewer hours of practice per day or decrease extreme wrist
extension (or longer breaks and worm ups).

Further longitudinal research should seek to identify causal factors for MSD and should
examine the role of synchronization between different anatomical joints as risk factors for
MSD. Such research should include a larger sample size of participants and a range of ages,
beginning with very young students, in order to determine early health education programs
for instructing students in appropriate kinematics.

Supporting information
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