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The prevalence and severity of lower 
back pain in South African university 

rowers1 

Rowing is a physically demanding sport 
associated with intensive and long-term 
training programmes. The primary objective of 
rowing is to propel the boat using an oar as a 
fixed lever in flat water. Rowing is categorised 
into sculling, where the rower uses two oars, 
or sweep, where the rower only uses one oar, 
either on the left or right side. Furthermore, 
rowing can be undertaken individually or in 
crews of two, four, or eight, with larger crews 
often having the addition of a coxswain. The 
rowing stroke consists of a continuous 
sequence of repetitive movements which is 
divided into four phases, namely, the 
catch/preparation, the drive, the 
finish/release, and the recovery phases. The 
spine acts as a cantilever during the rowing 
stroke and has the responsibility of 
transferring power from the legs and arms to 
the oar in the water. 

Rowers, similar to others participating in 
competitive sport, have the risk of acute and 
chronic musculoskeletal injuries. The lower 
back region or the lumbar spine is the most 
prevalent site of injury in rowers competing at 
all levels. 

Previous research found that the prevalence of 
LBP varies but is significant in university-level 
rowers. Furthermore, despite the use of 
different measurement tools, it has been 
reported that the severity of LBP in rowers is 
moderate. There are multiple self-
administered LBP questionnaires available for 
clinical use which assist in determining its 
severity, however, the Athletes Disability Index 
(ADI) Questionnaire is developed specifically 
for athletes to determine the influence of LBP-
related disabilities on sport, exercise, and daily 
activities. 

All male and female rowers aged between 18 
to 30 years who were rowing for any of the 
nine South African university rowing clubs at 
the time of the study were invited to 
participate in this study. 

This study aimed to establish the prevalence of 
LBP in South African university rowers, and to 
investigate the severity among those who 
reported LBP and its prevalence between the 
sexes. The results from the current study 
reported that LBP was prevalent in the South 
African university rowing population with 
moderate severity. However, the severity was 
no different between sexes or those currently 
and previously reporting LBP. Finally, age was 
correlated to the ADI score and disability 
percentage. 

The prevalence of LBP in this study (31%) is 
consistent with previous studies. The highest 
prevalence of LBP was reported by those 
rowing for longer than five years (45%), which 
is in accordance with Teitz et al. who found 
that the number of years’ rowing is associated 
with LBP in university-level rowers. 

The findings from the current study illustrated 
no sex-related differences in LBP prevalence 
and severity. This finding is in accordance with 
previous studies. The similarities between the 
sexes may be attributable to consistencies 
seen in loads on the spine, and similar training 
variables. Additionally, minimal kinematic 
differences are noted between the sexes, 
however males do present a spinal flexion 
angle which is largely ascribed to LBP aetiology. 
It is suggested that the greater muscle strength 
and larger muscle fibres seen in males may 
result in their erector spinae muscles 
overcoming the kinematic difference. 
Although not seen in this study, it is important 
to highlight the fact that higher rates of LBP in 
females can be expected due to these athletes 
having the consequences of the female triad. 
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The female triad can be further compounded 
by the non-weight-bearing nature of rowing, as 
weight-bearing activities are proven to 
increase bone mineral density. From the 
results of the current study, it remains unclear 
to which degree sex-specific factors, such as 
kinematic differences or the female triad, are 
attributed to LBP.  

LBP has been described as a pain, discomfort 
or ache felt in the low back region that 
presents for more than one week or interrupts 
at least one training session or competition. In 
the current study two groups of pain sufferers 
were categorised and compared. The groups 
were established based on current or previous 
experience of LBP. The results indicated that 
those currently experiencing LBP were not 
statistically different in terms of age or pain 
severity scores found in other studies. 
However, those rowers currently experiencing 
LBP had a slightly greater rowing experience. 
As previously reported, LBP is a chronic injury 
with the primary aetiology of repetitive spinal 
flexion which occurs during the rowing stroke. 
As such, those currently experiencing LBP may 
have had greater exposure to spinal flexion. 
However, more research investigating LBP 
aetiology and associated risk factors is 
required. 

Finally, there was a weak relationship between 
age and LBP severity in this current study, 
which may suggest that the development of 
LBP is a function of age. Degenerative spinal 
changes are more prevalent with age. 
Furthermore, it can be speculated that spinal 
loading combined with the repetitive spinal 
flexion seen in the rowing stroke may 
accelerate the degeneration of the vertebral 
discs. This early degeneration seen in the spine 
of rowers, combined with the general age-
related vertebral changes, may explain the 
demonstration of the weak relationship of LBP 
severity and aging. 

The study’s design may have resulted in fewer 
unaffected rowers responding to the 
questionnaire. However, based on the current 
responses and estimated sample population, 
the prevalence (31%) is still high, considering 
the 7.8% margin of error. Furthermore, LBP 
may be a reoccurring injury among rowers, 
thus presenting these findings is important for 
healthcare professionals and coaches in order 
to emphasise the necessary precautions to 
limit LBP. 

(Green & Heyneke, 2021) 

 

Comparison of effect of aquatic 
interventions on cardiac modulation 
of obese young males in motion. A 

crossover trial2 

The increase in the prevalence of obesity has 
reached pandemic levels in the last 50 years. If 
current trends continue, it is estimated that 2.7 
billion adults will be overweight, over 1 billion 
affected by obesity, and 177 million adults 
severely affected by obesity by 2025. 

Obesity plays a profound role in risk of death 
from COVID-19, particularly in male patients 
and younger populations. For every increase 
from one body mass index (BMI) category to 
the next, there was a 70% increased risk of 
mortality. Obesity prevalence for a population 
is quantified by body mass index (BMI). Higher 
BMI constitutes a significant risk for 
noncommunicable diseases such as 
cardiovascular disease, diabetes mellitus, and 
musculoskeletal disorders, which were the 
leading causes of death in 2012. 

Obesity is defined based on BMI values (≥30) 
and affects the dynamic interactions between 
the autonomic nervous system (ANS), 
locomotor, and cardiovascular systems. The 
excessive accumulation of fat tissues around 
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the waist area leads to morphological changes 
in the cardiac structure leading to overt 
cardiovascular diseases. The obesity-induced 
multifactorial mechanisms of increased ANS 
imbalance are not explicit. However, higher 
parasympathetic heart control causes 
cardioprotective ANS modulation. 

Aquatic therapies have improved a variety of 
conditions including ANS modulation. In the 
history of aquatic therapy, Watsu is a novel 
body-based modality with growing acceptance 
in interdisciplinary treatment and aquatic 
therapy programs. Watsu comprises 
stretching, joint mobilization, vertebral 
traction, trunk rotation, deep breathing and 
acupressure while being floated in the arms of 
a practitioner. The dyadic nature of Watsu 
therapy requiring coordination between active 
implementation (therapist) and passive receipt 
(client) of the technique is likely to promote 
specific cardiac and respiratory patterns 
considering the improvements in the previous 
studies. 

On the other hand, immersion has been used 
as a hydrotherapy or balneotherapy method in 
water with varying temperatures for centuries. 
Immersion provides thermal and mechanical 
therapeutic properties of water (buoyancy, 
viscosity, and hydrostatic pressure) that can 
enhance blood flow (vasodilation) and 
cardiovascular activity. However, the effect of 
partial or complete immersion of the body 
needs to be further investigated.  

The effect of aquatic interventions on 
autonomic activity, autonomic control during 
motor tasks and emotional correlations can be 
analyzed using heart rate variability (HRV) 
parameters. HRV is noninvasive and amenable, 
with promising quantitative biomarkers of ANS 
activity, and is defined as the variation of beat-
to-beat R-R intervals recorded by an 
electrocardiogram. HRV is used in risk 

stratification of cardiac and diabetic patients 
and the follow-up of patients after therapeutic 
interventions. An inverse relationship between 
BMI and HRV was found in young populations. 

Participants were 26 volunteers, sedentary, 
obese, but otherwise healthy males recruited 
from first-year students at a college. They were 
not taking any medication and had no history 
of any known disease affecting cardiovascular 
health. 

Two certified practitioners applied Watsu 
therapy to the WI group in the first and IW 
group in the second period. Specifically 
manufactured floating devices were tied over 
participants’ thighs before Watsu sessions for 
better flotation. The techniques in Watsu were 
offerings, free spine, accordion, twist over, 
chest opening, corner spread and rotating 
accordion for the trunk rotation. The IW group 
in the first period and the WI group in the 
second period received shoulder-deep warm 
water immersion in the crossover design. The 
five-week periods consisted of two sessions 
(30 min) per week. The temperatures of the 
pool water and air were 34°C and 30°C, 
respectively. 

Our current study confirmed the hypothesis 
that immersion and aquatic bodywork, Watsu, 
can improve autonomic cardiac modulation in 
obesity. Moreover, in group results, immersion 
and Watsu showed significant benefits in some 
CnLS parameters. However, in combined 
results, Watsu showed its efficiency only for 
vertical HRV parameters. Considering 
improved BP, the use of both aquatic 
interventions for cardiovascular health is 
suggested in line with other studies.  

The motor function and cardiac (HRV) benefits 
of aquatic interventions have gained a new 
dimension (CnLS) with our study illuminating 
the potential entrainment of oscillatory neural 
systems, especially autonomic cardiac 
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regulation in motion. Thus, immersion seems 
to be a preparatory environment enhancing 
the ANS control in specific motion. Immersion 
might have increased the muscle blood flow 
more efficiently than Watsu due to higher 
hydrostatic pressure and less vasoconstriction. 

This increased blood flow might have played a 
critical role in the non-locomotor (cycling) task 
requiring longer muscle contraction time than 
the locomotor (walking) task. Thus, the match 
between muscle contraction and increased 
blood flow can improve CnLS. This cardiac 
coupling mechanism is likely to further support 
the synchronization of the network of neural 
oscillators. Also, participants immersed up to 
their necks received plenty of vestibular inputs 
activating vestibular sensory-related systems 
due to water resistance and buoyancy. Thus, 
relative instability during immersion stimulates 
the body to balance actively by the muscular 
reflexes, which can result in improved non-
locomotor functioning. The 
immersion-induced muscular reflexes, similar 
to voluntarily synchronizing gait with the 
cardiac cycle, can be beneficial for running 
performance due to the reduced heart rate 
and increased HRV. Another contribution to 
the improved CnLS after immersion might be 
the higher serotonin levels helping rebalance 
ANS activity. However, these CLS and CnLS 
characteristics need to be further studied. 

In Watsu, being floated, stretched, rotated, 
and glided from one therapeutic body position 
to another has altered proprioceptive and 
tactile sensory inputs, contributing to better 
cardiac modulation and probably the main 
contributor to improved vertical HRV. 

Thus, the stimulation by the Watsu 
practitioner and warm water (tactile and 
proprioceptive) can alter the rhythm of bodily 
systems, providing new afferent input to the 
medulla and cortex. These inputs enhance not 

only ANS activity but also cerebellar–motor 
cortex collaboration and are vital in motor 
learning, i.e. psychomotor performance. It is 
worth mentioning that another form of 
synchronization that can occur in Watsu-like 
movement-based group practices is cardiac 
arousal between active and passive 
participants. This synchronization is most likely 
to happen during the passive interaction and 
participation in Watsu, resulting in increased 
flexibility of autonomic cardiac activity. The re-
sults (improved vertical HRV) might be the 
manifestation of this phenomenon. Also, 
manipulations on the shoulder and the neck 
can stimulate pressure receptors and the vagal 
activity, contributing to a higher physiological 
response capacity of ANS. 

In conclusion, Watsu and immersion improved 
autonomic cardiac regulation and cardiac 
locomotor synchronization in obese youth. The 
revealed findings of the study suggest the 
incorporation of both aquatic therapies in well-
ness programs to improve autonomic cardiac 
regulation. 

(Tufekcioglu, et al., 2021) 

 

Changes in cardiorespiratory fitness 
and cardiovascular health in the 

workplace: a case study3 

Workplace wellness programmes have been 
given increasing attention as a means to 
improve employee health and lower health 
costs. Most wellness programmes measure 
and report on cardiovascular (CV) risk factors, 
such as nutrition, smoking cessation, weight 
loss, and stress management. 
Cardiorespiratory fitness (CRF), an indicator of 
physical health-related fitness, has been 
identified as an independent predictor of CV 
and all-cause mortality and is also the risk 
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factor with the highest percentage to all-cause 
deaths when compared to other traditional 
risk factors. However, CRF is not measured or 
tracked for change during workplace wellness 
programmes, suggesting that employers are 
not completely aware of the employee’s CV 
health. Employers therefore need to be made 
aware of the cardioprotective benefits of 
physical activity and the importance of 
including CRF measurement in workplace 
wellness programmes. This case study 
demonstrates the effectiveness of a supervised 
and monitored exercise intervention 
programme on CRF, CV health and medical 
health claims of a high-risk employee of a 
corporate company. 

Case report 

History 

A 49-year-old male employee presented with 
hypertension, obesity and depression. Table 1 
outlines the baseline data of the 
participant. He was on anti-
hypertensive and anti-
depression medications and had 
been sedentary (not engaged in 
moderate-vigorous intensity 
physical activity for at least three 
days/week for three months). He 
decided to join an exercise 
facility at work to improve his 
health. 

Physical examination 

An initial assessment included 
pre-participation exercise safety 
screening and the determination 
of CV risk factors using the 
diagnostic criteria published by 
the American College of Sports 
Medicine (ACSM). Height (cm) 
and mass (kg) were measured 
using the Detecto stadiometer 

(USA) and Tanita Body Composition Scale (BF-
350, Tokyo) respectively. The body mass index 
(BMI) was calculated in kg.m2. Blood pressure 
(mmHg) was measured three times, 
consecutively, in a seated, rested position with 
a Rossmax International (Taiwan) electronic 
blood pressure cuff, using a standardised 
method. The average of the two latter 
measures was used. Waist circumference (cm) 
was measured at the greatest abdominal 
circumference between the lowest rib and the 
iliac crests. Point-of-care fasting, full lipogram 
and blood glucose tests were conducted using 
standardised protocols. 

Intervention 

The exercise intervention programme was 
administered in the exercise facility and was 
part of a corporate wellness programme at the 
participant’s workplace. The participant was 
assigned an individualised 12-week exercise 
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programme, designed on the MyWellness® 
Technogym® Cloud Platform, and based on the 
American College of Sports Medicine’s (ACSM) 
guidelines for exercise testing and prescription 
regarding hypertension.  

Results and outcomes 

The measurements of resting heart rate, waist 
circumference, systolic and diastolic blood 
pressures, and peak VO2 improved at follow-
up (Table 1). Weight and BMI increased 
slightly. Triglycerides, low-density lipoprotein 
cholesterol, and high-density lipoprotein 
cholesterol improved post-intervention, while 
total cholesterol and blood glucose increased 
slightly and remained within healthy ranges. 
The number of CV risk factors decreased from 
six at baseline to four at follow-up. It should be 
noted that of the six modifiable risk factors 
(smoking, inactivity, hypertension, 
dyslipidaemia, obesity, prediabetes), the 
number halved from four to two. 

Total medical health claims for the three 
months pre-intervention equalled R7 199 
(ZAR). This value went up to R9 076 during the 
intervention and then was reduced to R4 558, 
three-months post-intervention. The total 
medical health costs were reduced by 37% 
from pre-intervention to three-months post-
intervention. A more comprehensive account 
of medical healthcare costs was not provided. 

Discussion 

The exercise intervention programme 
improved the health outcomes of this 
participant and reduced the number of CV risk 
factors (Table 1). Weight and BMI did not 
improve; however, waist circumference 
decreased slightly. The improvement in high-
density lipoprotein cholesterol is encouraging 
as this is a negative CV risk factor that is 
beneficial to CV health. The greatest change 

occurred with CRF (VO2 peak) that improved 
by 68%, despite no weight loss. 

CRF has been identified as an independent 
predictor of CV and all-cause mortality. This is 
also the risk factor that attributes the highest 
percentage to all-cause deaths when 
compared to other traditional risk factors. 
Furthermore, the American Heart Association 
recently proposed a case for CRF as a clinical 
vital sign. Therefore, workplace wellness 
programmes should place an importance on 
measuring, tracking and improving CRF via 
exercise interventions. 

The participant expended an average weekly 
exercise volume of 19 kcal.kg-1week-1 during 
the intervention phase. This volume agrees 
with the recommended dose from the current 
physical activity guidelines. Ding et al. also 
showed the importance of targeting sedentary 
behaviour within the spectrum of lifestyle risk 
behaviours in reducing all-cause mortality. CRF 
is a simple method for monitoring the 
transition from a state of being sedentary to 
becoming completely aligned with the target 
of 150 moderate-vigorous physical activity 
minutes per week for the prevention of CV 
disease. 

This exercise intervention programme had 
beneficial effects on the CRF, health and 
medical health claims profile of the employee. 
The greatest change occurred in CRF, 
supporting the need for including the 
assessment and monitoring of this factor in 
corporate wellness programmes. 

(Torres, et al., 2020) 
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Tackle injury epidemiology and 
performance in rugby league – 

narrative synthesis4 

Rugby league (RL) is an intermittent, high-
intensity, collision-based team sport. During a 
typical match, played over the course of 60-80 
minutes and depending on the level of play, 
players physically engage each other to 
compete for ball possession and territory. This 
dynamic and physical contest is known as the 
tackle and can occur up to 700 times during a 
match. As such, the ability to repeatedly 
engage in the tackle, whether as a ball carrier 
or tackler, is essential for team success and 
player performance. It is also the leading cause 
of injury, with over 90% of total injuries 
occurring during the tackle in some 
professional and amateur cohorts. 

To effectively reduce the risk of injury and 
optimise performance, following a sport injury 
prevention or sport performance process 
model such as the Translating Research into 
Injury Prevention Practice (TRIPP) model 
(involving six stages) or the Applied Research 
Model for the Sport Sciences (ARMSS) 
(involving eight stages), is recommended. 
These models outline a sequence of stages that 
need to be completed to ensure the uptake 
and sustainability of an injury prevention or 
performance initiative in the ‘real world’. In 
these models, the first stage proposes 
establishing the extent of the ‘problem’ 
through injury surveillance or descriptive 
performance studies. The second stage aims to 
understand why and how injuries or 
performances occur, that is, identifying injury 
risk factors and performance determinants. 
The third stage seeks to develop potential 
preventive and performance enhancing 
measures for testing in ideal or controlled 
conditions (Stage four). Stage five aims to 
understand the implementation context and 

the final stage (Stage six) monitors the 
effectiveness of the preventive and 
performance measure in the real world. 

The first stage is essential to these injury 
prevention and performance process models, 
as it provides direction and focus to the 
subsequent stages. While general 
epidemiology and performance reviews for RL 
have been conducted, a review specifically 
synthesising tackle injury epidemiology and 
tackle frequencies by playing levels, 
competition, and by role (ball carrier or tackler) 
has not been published. Therefore, to fulfil the 
first stage of TRIPP and AARMS, the purpose of 
this narrative synthesis was to systematically 
search and synthesise tackle injury 
epidemiology and tackle performance 
frequencies in RL. 

Only studies that included tackle-related 
match and/or training data (pertaining to 
tacklers, and/or ball carriers) specific to (1) 
injury epidemiology and (2) tackle 
performance frequencies were selected for 
inclusion. The included studies clearly defined 
and included the tackle or ball carrying as part 
of their analysis and did not group these 
aspects of play into general contact/collision 
data thus rendering them indistinguishable 
from other contact phases. 

In general, over 600 tackles may occur during a 
RL match. Each forward executes between 20-
25 tackles, which is double that of backs. In 
contrast, forwards and backs carry the ball into 
the tackle, i.e. being tackled, at similar 
frequencies. A major challenge with the 
current body of literature on tackle 
frequencies in RL is the lack of or 
inconsistencies in defining the tackle. Studies 
have either used the definition of the tackle 
based on RL law, when the ball carrier is held 
by one or more of the opposing players, and 
either the ball or hand of the arm holding the 
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ball makes contact with the ground, or the ball 
carrier cannot make any further progress, or it 
is used as a definition where ‘attempted’ 
tackles are included. To improve the 
consistency and quality of tackle research in 
RL, a set of clear descriptions and definitions 
need to be developed and agreed upon, similar 
to those used in rugby union. 

Tackle injury frequencies (both overall and 
time-loss injuries) ranged between 47%-94% at 
the professional level and between 38%-96% 
for the lower levels of play. Up to 73% of time-
loss injuries, i.e. more severe injuries resulting 
in the player being absent from matches or 
training sessions taking place at least one week 
after the initial injury event, occurred during 
the tackle at the professional level. This 
frequency was lower at the amateur level, with 
up to 61% of time-loss injuries occurring during 
tackles. Also, the majority of time-loss and 
overall injuries occur to the tackled player (i.e. 
the ball carrier) in professional RL (63%) and 
across all other levels (61%). King et al. 
reported a high overall tackle-related injury 
incidence in a National Rugby League cohort 
(300 injuries per 1000 hours). This rate is 
substantially higher than the other figures 
reported in professional RL which were 
estimated at around 77.4 injuries per 1000 
hours. However, overall injury rates are 
substantially higher in semi-professional 
cohorts, reaching up to 382.2 injuries per 1000 
hours, and are even greater in amateur RL, 
with one study reporting incidences as high as 
541 injuries per 1000 hours. 

(Burger, et al., 2021) 

 

 

 

The Isokinetic Rugby Union Physical 
Work Evaluation (RUPWE) protocol: 
Can Rugby Union Players meet the 

physical work demands of the game?5 

Rugby union-related incidence and risk of 
injury varies from acute 
catastrophic/traumatic to chronic 
degenerative, and severity is dependent on 
playing position, location, magnitude/load and 
mechanism of injury. The performance of the 
trunk muscles are not only important to 
athletic performance in rugby union, but in the 
prevention of catastrophic injuries to the spine 
and traumatic brain injuries as experienced on 
head impact at engagement of the scrum, the 
collapsing or “popping out” of the scrum or 
tackle.  

The function of the trunk muscle extensors and 
flexors are to perform and maintain the 
position of the joints or body posture, provide 
joint stability, body manoeuvring, locomotive 
movements through isolated or coupled 
muscle performance, and to protect the spine 
against lumbar mechanical stress from 
excessive forces. Significant muscle activity is 
required to constrain spinal motion in an 
oppressing environment. Muscle balance 
implies a harmony and synergy between 
different muscles all working towards the 
common goal of efficient, effective functional 
movement. The game of rugby union is 
dynamic and involves players constantly 
making postural changes in the match to adapt 
to game situations. This influences the 
activation patterns of the trunk muscles in 
various ways and is dependent upon whether 
the players are positioned upright, crouching 
or bending forward in a ruck, maul or scrum, 
tackling, their speed of movement, and gravity. 
The trunk extensors (TE) and trunk flexors (TF) 
function during scrummaging is to oppose 
impact forces, sustain forward movement, 
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maintain and adjust body position and 
prevent excessive forward flexion or 
extension, where the scrum will either 
collapse or “pop out”. Hendricks 
identified that between 2008-2012, 
the scrum phase accounted for 33% of 
all catastrophic injuries, reporting 58% 
as occurring on impact at engagement, 
37% from a collapsed scrum and 5% 
from “popping out”. The acute and 
chronic front row spinal injury burden 
of the scrum by region is presented as 
occurring in the cervical (41%), 
thoracic (56%) and lumbar regions 
(71%). While it is acknowledged that 
the risk of injury is multifactorial, the 
biomechanical or ergonomic demands of rugby 
union are unique and are likely to significantly 
contribute to the risk of injury and/or the 
recurrence of injuries. There has been a 
proportional increase in the severity of injury 
and days absent or days lost experienced in 
rugby union, particularly in concussion. 

Isokinetic exercise and testing is performed at 
a pre-set fixed speed allowing for the 
accommodation of resistance that is equal to 
the effort applied. The set lever arm’s speed 
allows the dynamometer to measure the 
torque output by the participant throughout 
the range of motion (ROM). This is unlike 
manual muscle or isometric testing, which are 
static tests, and isotonic testing which 
measures strength at the strongest section of 
the ROM and is also affected by speed of 
movement. Isokinetic testing provides a safe, 
objective and reliable evidence base for 
evaluating muscle performance and 
determining athletic ability. 

The average forward impulse per scrum event, 
being opposed on impact, may range between 
three to five times the average body mass as 
determined in the Milburn study. Therefore, to 
maintain a neutral spine in order to protect the 

spine from excessive compressive forces and 
oppose forward momentum on scrum 
engagement, the physical demand placed on 
the TE and TF would require an instantaneous 
activation of these muscles, to produce an 
opposing force equivalent to between three to 
five times the player’s own body mass which 
would then need to be sustained. A maximum 
voluntary contraction relative to body mass is 
an important indicator of performance ability 
for the evaluation of TE and TF muscle 
performance during the demand of the scrum. 

The voluntary muscle contraction of the TE and 
TF would need to demonstrate the minimum 
ability to meet this physical demand of 300% 
relative to body mass. A further indicator of TE 
and TF muscle performance is the 
instantaneous active muscle action measured 
in the time taken to attain the maximum 
voluntary contraction, by measuring the rate 
of force development. The muscle 
performance of the TE and TF would need to 
demonstrate the minimum ability to meet this 
physical demand by attaining the maximum 
voluntary contraction in <1 000 ms. It is 
important for the TE and TF to instantaneously 
activate to protect the lumbar spine and the 
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rest of the body from these excessive forces 
experienced on impact collision during the 
scrum’s engagement and similarly, in contact 
during the tackle. In a biomechanical study, 
Hendricks determined the energy/work load 
generated on magnitude of impact by front on 
tackles as being 902 J – 7 608 J and the side-on 
tackle being 595 J – 6 209 J on impact. Taking 
into consideration the need to maintain a 
neutral spine, the high forces and speed on 
scrum engagement and the subsequent 
injuries are due to a lack of optimal muscular 
balance. Therefore, an isokinetic protocol, 
which is speed and posture/position-
dependent, will be able to adequately measure 
muscle performance, postural balance and 
stability control by dynamically loading the 
muscles/joints through their functional range. 

Isokinetic testing is able to provide an 
insightful, objective, evidentiary basis for 
assessments and therapeutic interventions 
through these assessments, and reporting and 
monitoring that is safe, reliable, valid, 
practical, meaningful and predictive. The use 
of isokinetic testing as a modality in the 
evaluation of the ability of physical 
performance against matched physical 
demands provides a systematic evidence-base 
to assess match readiness and modify player 
development and rehabilitation pathways. 
Professional and novice rugby players require 
a high level of skill, physical tolerance and 
resistance to fatigue to repeatedly, safely and 
effectively engage in the demands of the 
match. 

The study investigated whether the isokinetic 
TE and TF protocol of work ability measures 
and evaluates rugby union players’ ability to 
meet the physical work demands for 
tolerances, limitations and resistance to 
fatigue imposed by the sport. The slow speed 
of the protocol at 10 degrees.s-1 produces a 
load pattern that is both physical and 

aggressive to simulate the nature of a 
competitive match. A 90° - 90° scrum position 
is adopted, to isolate the TE and TF and 
minimise force coupling in multi-joint muscle 
activation and to further increase compressive 
forces the evaluation is conducted in a seated 
position. The baseline for the protocol 
development was created by identifying a 
minimum work load pattern as observed by 
Hendricks and used the magnitude of the side- 
on tackle to simulate a maximum work load set 
at 6 000 J. Hendricks suggests a theoretical 
model for the relationship between the 
number of tackles in which a player engages in 
acute and chronic fatigue, magnitude of 
impact (energy load), markers of muscle 
damage (microtrauma) and how this 
relationship interacts with the tackle injury risk 
(tolerance overload and reduction) and tackle 
performance. 

Improving the eccentric strength of the TF 
could assist in preventing the scrum from 
collapsing and players from developing 
catastrophic spinal injuries, traumatic brain 
injuries or sports-related concussion. This 
TE/TF dynamic muscle strength imbalance 
suggests that there may be a reduced 
physiological capacity in the function of the TF 
to harmoniously synchronise with the TE to 
resist distortion of the muscles and joints when 
experiencing forces of equal or greater 
magnitudes, such as observed on the impact of 
the scrum or impact collisions on contact 
during the tackle. Muscle balance implies a 
harmony and synergy between different 
muscles, all working towards the common goal 
of efficient, effective functional movement, 
which would require concentric and eccentric 
coactivation of the agonist and antagonist 
during joint movements. Isokinetic eccentric 
exercise is a practical, safe, effective and 
efficient way to isolate and condition the TF 
which would improve the muscle performance 
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to provide the necessary dynamic support as 
required during the scrum. 

The higher Peak Torque to Body Weight 
(PT/BW) observed for the TE may be due to the 
biomechanical linkages in the skeletal system 
that, through strain transmission, actively 
engages proportionally more of the myofascial 
chain. Further investigation into the myofascial 
chains, combined with traditional strength and 
conditioning exercises and exacerbated by the 
specificity of set coaching practices, are more 
likely to explain the effectiveness of PT/BW 
development in the TE as opposed to the TF. 
Therefore, it is reasonable to assume that the 
volume of strain transmission and cumulative 
loading of the mechanoreceptors have 
contributed to the multifactorial physiological 
adaptation of the TE, as observed in the results 
of this study. The rationale lends itself to a 
positive adaptation of the physically imposed 
demands of training observed in the TE PT and 
PT/BW. 

The rate of force development in the TE muscle 
activation sequence for both the forwards and 
the backs is significantly slower when 
compared with TF muscle activation. There is a 
significant inability of the TE in both the 
forwards and the backs to meet the required 
imposed physical demands for work ability for 
TPT. This inability, as demonstrated, to match 
the imposed physical demands for TPT, also 
indicates an inability to rapidly activate the 
muscle to produce the maximum dynamic 
force needed to maintain the structural 
tensegrity required on impact to tolerate the 
normal load of excess energy transferred on a 
single contact. Impact on engagement is 
dependent on speed and mass; and in rugby 
union, the magnitude of impact on 
engagement has been established as being 
high. The player's musculoskeletal system 
must respond rapidly to provide the necessary 
structural tensegrity to tolerate the impact 

experienced on contact engagement. In this 
study, both the TE and TF demonstrated a 
deceleration time >1 000 ms. The mean TE 
deceleration time was 3 039 ± 3 000 ms and 
mean TF deceleration time was 2 273 ± 2 757 
ms. The inability to rapidly respond to the 
opposing impact forces may result in 
destabilising joint mechanics, altered muscle 
function, and tissue compression to the point 
of microtrauma, resulting in tissue and/or 
motor neuron damage. The results maintain 
the importance of the rate of force 
development in TE muscle activation in 
supporting and maintaining trunk stability 
against posterior and coactivation of TF against 
anterior lumbar mechanical stress 
perturbations in rugby union players. The 
results of the slow rate of force development 
as demonstrated in both the forwards and the 
backs may be evidence that the TE is 
predominantly tonic in constitution, and the TF 
may be more phasic in their constitution. 
Regardless, careful manipulation of exercise 
could result in adaptation to the TE motor 
neuron, or even conversion of fibre type 1 to 
fibre type 2. Isokinetic exercise at high velocity 
and in both concentric and eccentric muscle 
activation patterns would condition the TE and 
TF towards an improved rate of force 
developments and improve the neuromuscular 
control of these muscles. 

(Doran & Naidoo, 2021) 

 

The physical attributes of sub-elite 
rugby union referees of inland 

provinces in South Africa6 

Rugby union is contested by two teams, each 
consisting of 15 players. The objective of the 
game is to outscore the opponent by means of 
tries, penalties and conversions. The laws of 
the game are interpreted and applied by an on-
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field referee and two assistant referees. The 
on-field referee is primarily responsible for 
officiating the entirety of match play, including 
player behaviour, imposing penalties and 
adjudicating the competition; whilst the touch 
judges and assistant referees assist with 
matters relating to the side-lines, in-goal play, 
including attempted goal kicks and reporting 
foul play. 

The on-field referees are required to keep up 
with play and to position themselves in 
favourable positions to make appropriate 
decisions. As such, they must attain similar 
movements and velocities to the rugby players. 
Rugby players cover on average 5 800 m during 
a game, interspersed between bouts of various 
velocities and intensities. This indicates that 
for 80 minutes the players require a variety of 
aerobic and anaerobic capacities.  

A referee needs to manage a game in a unique 
environment, influenced by the quality of the 
game, the attitude of the players and 
spectators, while ensuring peak physical 
performance. The referee undertakes high- 
intensity running in open play and must be 
visible, without interfering with a team’s 
progress. Once open play has stopped (tackle, 
ruck, maul), the referee will need to slow down 
and be in a position to make an 
appropriate call. It is therefore 
essential that they are able to slow 
down and change direction to where 
they can optimally locate the ball. The 
total average distance covered by 
referees during a rugby match is 
usually 6 400 m. Of the total distance, 
approximately 881 s is spent standing 
still, 736 s walking, 346 s jogging, 139 s 
sprinting and lastly, 372 s spent 
moving laterally. Referees covered the 
majority of the distance at velocities of 
between 0.51–2.00 m.s-1 and 2.01–
4.00 m.s-1, interspersed with efforts 

at higher velocities, thus demonstrating the 
intermittent nature of the required movement 
patterns during the game. 

In comparison to rugby union referees, rugby 
players run 500 m less per game than rugby 
union referees. Rugby players averaged 1 506 
m in the Yo-Yo Intermittent Recovery Test 
compared to the rugby referees who averaged 
2 910 m. 

Rugby referees will have repeated efforts of 
running bursts with times to rest during the 
stoppages in games. Therefore, the Yo-Yo 
Intermittent Recovery Test is an appropriate 
test for rugby referees as it closely matches the 
running demands of the game. Rugby referees 
in this study averaged 2 910 m in the Yo-Yo 
Intermittent Recovery Test, which is the same 
distance as that for football referees. The Yo-
Yo Intermittent Recovery Test can be used to 
estimate the participant’s VO2max. The total 
sample estimated VO2max was 61.8 mL·min-
1·kg-1 compared to the soccer referees’ 50.2 
mL·min-1·kg-1 on the treadmill and 48.6 
mL·min-1·kg-1 during the field tests. This 
substantial difference could be due to the two 
different test protocols used to determine the 
VO2max. The two protocols used were the Yo-
Yo Intermittent Recovery Test estimation 
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versus direct lab measurements on the 
treadmill. 

The more experienced referees all had the 
highest qualification levels. These referees 
performed the best in the Illinois Agility Test, 
indicating that the ability to change direction is 
critically important. 

(Roux, et al., 2021) 

 



 
 

 

15 
 
 

 

 

Works Cited 

1. Green, A. & Heyneke, L., 2021. The prevalence and severity of lower back pain in South African 
university rowers. South African Journal of Sports Medicine, 33(1). 

2. Tufekcioglu, E. et al., 2021. Comparison of effect of aquatic interventions on cardiac modulation of 
obese young males in motion. A crossover trial. Biomedical Human Kinetics, Volume 13, pp. 20-28. 

3. Torres, G., Gradidge, P. & Constantinou, D., 2020. Changes in cardiorespiratory fitness and 
cardiovascular health in the workplace: a case study. South African Journal of Sports Medicine, Volume 
32, pp. 1-4. 

4. Burger, N., Jones, B. & Hendricks, S., 2021. Tackle injury epidemiology and performance in rugby 
league – narrative synthesis. South African Jounral of Sports Medicine, 33(1). 

5. Doran, J. & Naidoo, R., 2021. The Isokinetic Rugby Union Physical Work Evaluation (RUPWE) 
protocol: Can Rugby Union Players meet the physical work demands of the game?. South African 
Journal of Sports Medicine, 33(1). 

6. Roux, C. L., Lombard, A. & Green, A., 2021. The physical attributes of sub-elite rugby union referees 
of inland provinces in South Africa. South African Journal of Sports Medicine, 33(1). 

 

 



QUESTIONNAIRE 
P2(22) Part 1 

Sports medicine – lower back pain, cardiovascular health and physical performance in rugby 
league: A review of the literature 

INSTRUCTIONS 
• Read through the article and answer the multiple-choice questions provided below. 
• Some questions may have more than one correct answer; in which case you must mark all the correct answers. 

The prevalence and severity of lower back pain in South 
African university rowers 

 

Question 1: What region of the vertebral column is the most 
prevalent site of injury in rowers? 
 

A: Lumbar  
B: Thoracic 
C: Sacrum 
D: Coccyx 

 
Question 2: Which of the following are TRUE regarding the 
results of this study? 
 

A: Low back pain (LBP) was prevalent in the South 
African university rowing population with low 
severity 

B: There was no difference in the level of severity 
between genders or those currently and previously 
reporting LBP  

C: Age was correlated to the Athletes Disability Index 
(ADI) questionnaire score and disability percentage  

D: None of the above 
 
Question 3: The highest prevalence of LBP was reported by 
individuals rowing for ……………………………? 
 

A: Longer than three years 
B: Longer than five years  
C: Longer than seven years 
D: Longer than nine years 

 
Question 4: Higher rates of LBP in women can be due to 
which of the following? 
 

A: The female triad  
B: The non-weightbearing nature of rowing  
C: Larger muscle fibers seen in women can result in 

their erector spinae overcompensating for the 
kinematic difference 

D: None of the above 
 
Question 5: Is it TRUE that there was a weak relationship 
between age and LBP severity, which may suggest that the 
development of LBP is a function of age? 
 

A: YES  
B: NO 

 
 
 
 
 
 

Comparison of effect of aquatic interventions on cardiac 
modulation of obese young males in motion. A crossover 

trial 
 
Question 6: Every increase from one body mass index (BMI) 
category to the next can lead to an increased risk of mortality 
by ………………………? 
 

A: 40 % 
B: 50 % 
C: 60 % 
D: 70%  

 
Question 7: Is it TRUE or FALSE that obesity affects the 
dynamic interactions between the autonomic nervous 
system (ANS), locomotor, and cardiovascular systems? 
 

A: TRUE  
B: FALSE 

 
Question 8: All of the following are true regarding Watsu 
therapy, except for? 
 

A: It comprises of stretching, joint mobilization, 
vertebral traction, trunk rotation, deep breathing 
and acupressure 

B: The aim is to minimize assistance from the therapist 
and to enable to client to perform therapy activities 
on their own  

C: It requires coordination between active 
implementation and passive receipt 

D: It is likely to promote certain cardiac and 
respiratory patterns 

 
Question 9: Which of the following are CORRECT 
 

A: Watsu showed its efficiency only for horizontal HRV 
parameters 

B: Watsu increased the muscle blood flow more 
efficiently than immersion due to higher 
hydrostatic pressure and less vasoconstriction 

C: Watsu altered proprioceptive and tactile sensory 
inputs  

D: Immersion and Watsu showed significant benefits 
in some non-locomotor synchronization (CnLS) 
parameters  

 
 
 
 
 
 



Question 10: The stimulation by a Watsu practitioner and 
warm water can alter the rhythm of bodily systems, 
providing new afferent input to the …………………………..? 
 

A: Cortex  
B: Medulla  
C: Pons 
D: Thalamus 

 
Changes in cardiorespiratory fitness and cardiovascular 

health in the workplace: a case study 
 

Question 11: Which of the following has been identified as 
an independent predictor of CV and all-cause mortality and 
is also the risk factor with the highest percentage to all-cause 
deaths when compared to other traditional risk factors? 
 

A: Nutrition 
B: Smoking  
C: Cardiorespiratory fitness (CRF)  
D: Obesity 
E: Stress  

 
Question 12: Which of the following are TRUE? 
 

A: The measurements of resting heart rate, waist 
circumference, systolic and diastolic blood 
pressure, and peak VO2 improved at follow-up  

B: Weight and BMI decreased slightly 
C: Triglycerides, low-density lipoprotein cholesterol, 

and high-density lipoprotein cholesterol showed 
little to no improvement post-intervention 

D: Total cholesterol and blood glucose increased 
slightly, but remained within healthy ranges  

 

Question 13: Is it TRUE that the total medical health costs 
were significantly reduced from pre-intervention to three-
months post-intervention? 
 

A: YES  
B: NO 

 
Question 14: The greatest improvement occurred in cardio-
respiratory fitness which increased by …………………….? 
  

A: 25% 
B: 37% 
C: 68%  
D: 82% 

 
Question 15: What is the target of moderate to vigorous 
physical activity per week to prevent the development of CV 
disease? 
 

A: 100 minutes 
B: 120 minutes 
C: 140 minutes 
D: 150 minutes  

 
 
 

END 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



QUESTIONNAIRE 
P2(22) Part 2 

Sports medicine – lower back pain, cardiovascular health and physical performance in rugby 
league: A review of the literature 

INSTRUCTIONS 
• Read through the article and answer the multiple-choice questions provided below. 
• Some questions may have more than one correct answer; in which case you must mark all the correct answers. 

Tackle injury epidemiology and performance in rugby 
league – narrative synthesis 

 

Question 1: Is it TRUE or FALSE that repeatedly engaging in 
a tackle is the leading cause of injury in professional and in 
amateur rugby players? 
 

A: TRUE  
B: FALSE 

 
Question 2: Which of the following are CORRECT regarding 
models recommended to effectively reduce risk of sport 
injury as well as optimize performance? 
 

A: The first stage aims to understand why and how 
injuries or performances occur, that is, identifying 
injury risk factors and performance determinants 

B: The second stage establishes the extent of the 
‘problem’ through surveillance or descriptive 
performance studies 

C: The third stage develops potential preventive and 
performance enhancing measures for testing in 
ideal or controlled conditions  

D: The sixth stage monitors the effectiveness of the 
preventive and performance measure in the real 
world  

 
Question 3: The studies included focused on tackle-related 
match and/or training data specific to which of the 
following? 
 

A: Physiological and physical loads associated with the 
tackle 

B: Injury epidemiology  
C: Tackle technique 
D: Tackle performance frequencies  
E: Types of tackles 

 
Question 4: Which of the following are CORRECT? 
 

A: In general, over 600 tackles may occur during a RL 
match  

B: Each back executes between 20-25 tackles, which is 
double that of the forwards 

C: Forwards and backs carry the ball into the tackle at 
similar frequencies  

D: None of the above 
 
 
 
 
 
 
 
 

Question 5: Which of the following are TRUE? 
 

A: Tackle injury frequencies for overall and time-loss 
injuries ranged between 47%-94% at the 
professional level and between 38%-96% for the 
lower levels of play  

B: More than half of time-loss injuries occurred during 
the tackle at the professional level  

C: The frequency of time-loss injuries was higher at 
the amateur level, with up to 61% of time-loss 
injuries occurring during tackles 

D: Most of the time-loss and overall injuries happen to 
the player who is executing the tackle in 
professional rugby league 

 
The Isokinetic Rugby Union Physical Work Evaluation 
(RUPWE) protocol: Can Rugby Union Players meet the 

physical work demands of the game? 

 
Question 6: Which of the following are NOT functions of the 
trunk muscle extensors and flexors? 
 

A: To maintain the position of the joints or body 
posture 

B: To provide joint stability 
C: To provide locomotive movements through 

isolated or coupled muscle performance 
D: To protect the spine against lumbar mechanical 

stress from excessive forces 
E: Incorrect, all the above are functions of the trunk 

muscle extensors and flexors  
 
Question 7: Hendricks identified that between 2008-2012, 
the scrum phase accounted for 33% of all catastrophic 
injuries, reporting that …………………...? 
 

A: More than half occurred on impact at engagement  
B: Less than half occurred from a collapsed scrum  
C: Almost half occurred from “popping out” 
D: None of the above 

 
Question 8: The acute and chronic front row spinal injury 
burden of the scrum by region has the highest occurrence in 
which of the following?  
 

A: The cervical region 
B: The thoracic region 
C: The lumbar region  
D: The hip region 



Question 9: Which of the following are TRUE regarding 
isokinetic exercise and testing? 
 

A: It is performed at a pre-set fixed speed allowing for 
the accommodation of resistance that is equal to 
the effort applied  

B: During these exercises muscles don’t noticeably 
change length and the affected joints don’t move, 
and helps to maintain strength 

C: The set lever arm’s speed allows the dynamometer 
to measure the torque output by the participant 
throughout the range of motion (ROM)  

D: It measures strength at the strongest section of the 
ROM and is also affected by speed of movement 

 
Question 10: Is it TRUE or FALSE that the voluntary muscle 
contraction of the trunk extensors (TE) and trunk flexors (TF) 
needs to demonstrate the minimum ability to meet this 
physical demand of 300% relative to body mass? 
 

A: TRUE  
B: FALSE 

 
Question 11: The higher Peak Torque to Body Weight 
observed for the TE may be a result of which of the 
following? 
 

A: The biomechanical linkages in the skeletal system  
B: Strain transmission which actively engages more of 

the myofascial chain  
C: Distortion of the muscles and joints when 

experiencing forces of equal or greater magnitude 
D: None of the above 

 
Question 12: Which of the following are CORRECT? 
 

A: The rate of force development in the TE muscle 
activation sequence for both the forwards and the 
backs was significantly slower when compared with 
trunk TF muscle activation  

B: There was a significant inability of the TE in both the 
forwards and the backs to meet the required 
imposed physical demands for work ability for time 
to peak torque (TPT)  

C: The results of the slow rate of force development 
demonstrated in both the forwards and the backs 
could indicate that the TE is predominantly tonic in 
constitution, and the TF may be more phasic in their 
constitution  

D: None of the above 
 

The physical attributes of sub-elite rugby union referees of 
inland provinces in South Africa6 

 
Question 13: Is it TRUE that when compared to rugby 
players, rugby union referees run shorter distances per 
game? 
 

A: YES 
B: NO  

 
Question 14: Which of the following are TRUE? 
 

A: The Yo-Yo Intermittent Recovery Test is an 
appropriate test for rugby referees as it closely 
matches the running demands of the game  

B: The Yo-Yo Intermittent Recovery Test can be used 
to estimate the participant’s VO2max  

C: Rugby referees in this study averaged 2 910 m in the 
Yo-Yo Intermittent Recovery Test, which is the 
same distance as that for football referees  

D: None of the above 
 
Question 15: The more experienced referees performed the 
best in which of the following? 
 

A: The Yo-Yo Intermittent Recovery Test 
B: The standing broad jump test 
C: Push-up repetitions 
D: The Illinois Agility Test  

 
 
 

END 
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